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SECT. 1. 4 OXYGEN. 5

All supporters, not yet decompounded, are called simple.
We know only one such body, namely oxygen.

Seer. I. Of Oaxygen.

This substance is an air, or, as chemists use to call aeriul
bodies, a gas.® It was discovered by Dr Priestley. It may
be obtained by heating black oxide of manganese in an iron
bottle fitted with a long iron tube. The extremity of the
tube is plunged into a trough of water having a shelf a little
below the surface, on which stands an iverted glass cylinder
full of water. The open mouth of this cylinder is brought
over the extremity of the iron tube. As soon as the man-
ganese is red hot, air issues from the extremity of the tube,
and gradually fills the glass vessel, displacing the water. In
this way any quantity of oxygen gas may be procured. Red
lead or red precipitate may be substituted for the manganese,
but they do not yield so much oxygen. The salt called hy-
peroxymuriate of potash may also be used, and it yields a
very great proportion of oxygen. Oxygen gas may also’ be
obtained by putting the manganese in powder nto a glass re-
tort and pouring on it as much sulphuric acid as will make it
into a thin paste. The heat of a lamp being applied to the
retort while its beak is plunged into the water trough, the gas
is disengaged in considerable quantity.

Oxygen gas possesses the mechanical properties of com-
mon air. It is colourless, invisible and capable of indefinite
expansion and compression.

Combustibles burn in it better and hrighter than in com-
mon air. Animals can breathe it longer than common air

without suffocation.
* The term gas is applied by chemists to all airs except common air.

A2



4 SIMPLE COMBUSTIBLES, CHAP. I1.

It has been ascertained, that one-fifth of the air of the at-
mosphere is oxyzen gas, and that when this portion is ab-
stracted, the air can neither support combustion nor animal
life.

When substances are burnt in oxygen gas or air, or
when ammals breathe them, a portion of the oxygen always
disappears, and, 1 some cases, even the whole of it.

Its specific gravity, accordmg to Kirwan, is 1°103, acs
cording to Davy 1°127, according to Fourcroy, Vauquelin
and Seguin 1'087, that of air being 1'000. At the tem-
-perature of 60°, and when the barometer stands at 30 inches,
100 cubic inches of common air weigh very nearly 31 grains
troy. 100 cubic inches of oxygen in the same temperature
and pressure, weigh, according to these results, 34 graius,
34'74 grains and 33'69 grains troy.

It is not sensibly absorbed by water. 100 cubic inches of
water freed from air by boiling, absorb 355 inches of this
gas.

Oxygen is capable of combining with a great number of
bodies, or it has an affinity for them, and forms compounds
with them.

Cuav. II.

‘OF SIMPLE COMBUSTIBLES.

By combustible 1s understood a substance capable of bura-
ng ; and by simple combustibles, bodies of that natare not
yet decomposed. They are five in number, namel:.r.hyd.iﬂa
gen, carbon, phosphorus, sulphur and boracium. It is not
improbable that the bases of all or most of these substances
are metals ; but the opinion has not yet been made out in a
satisfactory manner.






6 SIMPLE COMBUSTIBLES, CHAP. 11.

ter. If the vessel be standing over mercury, or be hermeti-
cally sealed, its inner surface becomes coated with pure wa-
ter. This water was found by Cavendish equal in weight te
the two gases. Hence it has been inferred, that water is a
compound of oxygen and hydrogen in the proportion of 853
by weight of oxygen to 144 of hydrogen.

Hydrogen is not sensibly altered or absorbed by water.
100 cubic inches of water deprived of air absorb 1.53 mches
of hydrogen.

Sect. II.  Of Carbon and Diamond.

If a piece of wood be heated to redness in an iron bottle,
or a crucible filled with sand, it is converted into a black
brittle substance called charcoal, the properties of which are
nearly the same from what wood soever it has been obtained,
provided it has been exposed to a sufficiently strong heat.

" Charcoal is insoluble in water, and not affected (provided

air be excluded) by the most violent heat that can be ap-

plied. :

It conducts electricity, is not liable to putrify, deprives

meat of its putrid taste and smell, and is an excellent tooth
wder.

It absorbs moisture with avidity, and likewise common air,
oxygen and hydrogen gas; but less of the last than of the
two former. '

When heated to 802°, it takes fire, and, if pure, burns all
away without leaving any residuum. If the experiment be
made in a glass vessel filled with oxygen gas, and the char-
coal be heated by means of a burning glass, the bulk of the
oxygen gas is not altered, but a portion of it is gonverted -
to another gas possessing quite different properties. It ren-
ders lime water milky, and is quite absorbed by it, and can-
not be breathed without occasioning instant death. This
gns is called carbonic acid. It very nearly equals in weight



SECT. II. €ARBON. ; i

the charcoal and the oxygen which have disappeared. Hence
it is considered as a compound of them, and from the pro-
portion of each employed, it is considered as composed of
very nearly 28 parts of charcoal and 72 of oxygen.

When considerable quantities of charcoal are burnt in this
manner, a portion of water also appears. Hence it is con-
ceived, that charcoal contains a small portion of hydrogen.
The constituent which constitutes by far the greatest part of
it is called carbon. This supposition is corroborated by the
late experiments of Mr Davy. Carbon exists in two other
states, namely the diamond and plumbago.

2. The diamond is a precious stone, transparent, and of-
ten crystallized in a six sided prism, terminated by six sided
pyramids. It is the hardest of all bodies. Its specific gra-
vity is about2:3. It is a non-conductor of electricity.

When heated to the temperature of 14° of Wedgewood’s
byrometer, or not so high as the melting point of silver, it
gradually wastes away and burns. It combines with nearly
the same quantity of oxygen, and forms the same proportion
of carbonic acid as charcoal. Hence it consists chiefly of
carbon. From the experiments of Davy, there is reason to
believe that it contains 2 minute portion of oxygen as one of
its constituents. The other constituent is carbon.

3. Plumbago, called also black lead and graphite, is well
known as the substance of which pencils aremade. Itis dug
out of the earth. It is of a dark blue colour, and has some
metallic lustre. It is soft, brittle and infusible. When
heated to redness, it gradually wastes away, and is converted
into carbonic acid, leaving a little iron behind. It seems a
compound of pure carbon, with about one 20th part of its
weight of iron *.

Carbon combines with hydrogen, and forms a gas for-
merly called heavy inflammable air, now carbureted hydro-

* From the recent experiments of Thenard and Gay-Lussac, there is reason
to believe that it contains a little bydrogen,
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sily cut with a knife. [t is insoluble in water. Its specific
grayity is 1'770.

It melts at the temperature of 99°. It cannot easily be
melted in the open air without taking fire. If air be ex-
cluded 1t evaporates at 219°. and boils at 554°.

When exposed to the air it emits a white smoke with the
smell of garlic and isluminous in the dark. This smoke is
more abundant the higher the teinperature, and is occasioned
by the gradual combustion of the phosphorus. In oxygen
gas it is not luminous unless the temperature be as high as
80°. Hence we learn that it burns at a lower temperature
in common air than in oxygen gas. This slow combustion
i the open air renders it necessary to keep phosphorus in
phials filled with water and well corked.

When heated to 148° it takes fire and burns with a vivid
white flame and emitting a vast quantity of smoke. Itleaves
(if pure) no residuum, but the white smoke when collected
1s an acid, and 1s called phosphoric acid. If the combustion
be conducted in a jar filled with oxygen gas, the oxygen will
be found to diminish so much, that every 100 parts of phos-
pherus occasion the disappearing of 114 parts of oxygen.
The acid formed weighs as much as the phosphorus and the
oxygen which have disappeared. Hence it is considered as a
compound of these two in the proportion of 100 parts of
phosphorus to 114 of oxygen.

Phosphorus is supposed capable of combining with a
small portion of oxygen and of forming a compound called
exide of phosphorus. It may be formed by putting a bit of
phosphorus m a long glass tube and exposing it to the heat
of boiling water. It subi/imes and lines the tube in fine white
flakes. This substance is very combustible and ofte . takes
fire of its own accord when exposed to the air.

When melted by means of a burning glass in hydrogen gas,
a portion of 1t 1s digsolved, and a new gas formed, first disco~
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vered by Gemgembre, and called phosphureted hydrogen gas.
It has a fetid odour like the smell of putrid fish. It burns
spontaneously when it comes into contact with common air
or oxygen gas. Water dissolves a small portion of this gas
and acquires a bitter taste and unpleasant odour. The phos-
phorus gradually precipitates, and the hydrogen at the same
time separates from the water. When kept in a glass jar it
gsoon loses its property of burning spontaneously.

Phosphorus combines with charcoal and forms a com-
pound of an orange red colour called phosphuret of carbon.
Common phosphorus contains a portion of this compound
which remains behind when the phosphorus is burnt. Itis a
light flocky powder without taste or smell. When heated
sufficiently 1t burns, and the charcoal remains behind.

The compounds which phosphorus forms with other bo-
dies are distinguished by the name of phosphurets.

Phosphorus is very poisonous when used internally. It

has been recommended as a medicine, and said to be very
efficacious in restoring the force of young persons exhausted
by sensual indulgence.

From the experiments of Davy, it is very probable that
eommon phosphorus contains hydrogen. Pure phosphorus
deprived of its hydrogen would probably be metallic.

Secr. IV.  Of Sulphur.

Sulphur, distinguished also by the name of brimsione, has
been known since the earliest ages.

It 1s a hard brittle substance of a greenish yellow colour,
without any smell and with very little taste. It is a noncon-
ductor of electricity and becomes electric negatively by fric-
tion. Its specific gravity 1s 1:990. It is not altered by ex-
posure to the air, nor4s it soluble in water.
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When heated to 170° it rises up in the form of a fine pow-
red which may be easily collected and is called flowers of
sulphur. It is then said to be volatilized or sublimed. 1t is
obvious from this property that sulphur is a volatile sub-
stance.

When heated to about 218° it melts, becomes transparent
and looks like a brown coloured oil. At 560° it boils, and
the vapour kindles as it exhales and burns with a blue flame
and an extremely disagreeable smell. If it be set on fire,
and plunged mto a jar filled with oxygen gas, it burns with a
strong violet flame. In both cases (provided the quantity of
air or oxygen be sufficient) it burns away completely with-
out leaving any residue. But if the fumes be collected, they
are found to be an acid which is known by the name of sul-
phuric acid. A portion of the oxygen disappears, and from
the experiments of Lavoisier, it follows that the sulphurio
acid formed is exactly equal in weight to the sulphur and
the oxygen which have disappeared during the combustion.
Hence it is concluded, that this acid is composed of these
two substances united together, &

Many experiments have been made to ascertain the com-
position of sulphuric acid exactly. The following is the re-
sult which appears to me most accurate. It was obtained
by Klaproth.

100  sulphur,
1365 oxygen.

2365
But sulphur doesnot always combine with so great a portion
of oxygen. Itusually burns with a blue flame, and the suf-
focating vapours which it emits may be collected in glass cy-
linders filled with mercury, and standing in a trough con-
taining mercury. They constitute a gas called sulphurous
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bustion, nor animal life. Its specific gravity, according te
Kirwan, 1s 1-106, according to Thenard, 1-231. Water ab-
sorbs about its own weight of this gas, and acquires a fetid
smell,”a sweetish nauseous taste, and many of the properties
peculiar to acids.

When this gas 1s set on fire, 1t burns with a reddlsh blue
colour, and deposits a quantity of sulphur. When the elec-
tric spark 1s passed through it, sulphur is deposited, but the
bulk of the gas is not altered. Sulphur is also deposited
when nitric acid is dropt into water impregnated with it.
When mixed with oxygen gas, and burnt, the only substances
formed are sulphuric acid and water. Hence it is obvi-
ous that its constituents are sulphur and hydrogen. From
an experiment of Thenard, not indeed susceptible of much
accuracy, 1t seems to be composed of

100 hydrogen.
118 sulphur.
N8I A

Sulphur acts upon charcoal at a red heat, If a quantity of
charcoal be put into a porcelain tube, and heated to redness
by passing it through a furnace, and sulphur be made to pass
through it while in that state without any communication
with the external air, a substance issues from the extremity
of the tube, which may be obtained by means of a crooked
glass tube luted to the porcelain tube, and plunged to the
bottom of a glass vessel filled with water. Thas substance is
a liquid colourless and transparent when pure, but often tin-
ged greenish yellow. Its taste is cooling and pungent, and
its odour strong and peculiar. It does not dissolve in water.
Its specific gravity is 1'3. In an exhausted receiver, or at
the top of a barometrical tube, it assumes the gaseous form.
It burns very easily, and detonates when mixed with oxygen
gas and kindled. It was first discovered by Lampadius aud
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Clement and Desormes ; and Berthollet junior investigated its
properties. It is compased of sulphur and hydrogen, but
contains more sulphur than sulphureted hydrogen. It may
therefore be called supersulphureted hydrogen.

Sulphur and phosphorus readily combine and in various
proportions, but the compound seems to be most intimate
when the weights of the two ingredients are equal. The
combinations may be made by mixing the two ingredients in
a small phial and melting them together, or by cautiously
heating them in a flask filled with water. But the first me-
thod is less hazardous; for the compound acts upon the wa-
ter and gases are formed which sometimes occasion violent
explosions. The compound has a yellowish green colour ;
it may be distilled over in a glass retort without decomposi-
tion. It has a tendency to the liquid form, which is greatest
when equal proportions of the constituents are used. It then
remains liquid in the temperature of 41°. 'When the sulphur
predominates in this compound, it may be called phosphuret
of sulphur; when the phosphorus, sulphuret of phosphorus.
It is very combustible and often takes fire spontaneously
when exposed to the air.

From the experiments of Clayfield and Berthollet junior,
there is reason to conclude that sulphur contains a small
quantity of hydrogen, and Mr Davy has shewn that oxygen
is also present in it. Hence it follows that the simple sub-
stance sulphur, which constitutes the base of sulphuric acid,
has never yet been seen n a pure state,

Sect. V. Of Boracium.

This substance was discovered by Mr Davy, but it was
first described by Thenard and Gay-Lussac.. Mr Davy has -
Just published a more detailed account of its properties.
T'o procure it equal weights of the metal called potassiun

3
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Nitric acid is a yellew corrosive liquid of great importance
in chemistry. It acts with great energy on most other bo-
dies, in consequence of the facility with which it parts with
its oxygen. If copper or silver, for example, be put into it,
the metals absorb oxygen and dissolve. The portion of
acid which loses a part of its oxygen, assumes the gaseous
form, and malkes its escape out of the liquid occasioning an
effervescence. The gas which escapes is a compound of
azote and a smaller proportion of oxygen than exists in nitric
acid. It is usually called mitrous gas. It has the curious
property of combining with oxygen gas whenever it comes -
in contact with it, and of thus being again converted into ni-
tric acid. The mixture becomes yellow, and, if standing
over water, its bulk diminishes very much, because the water
absorbs the acid as it forms.

If wron filings be kept for some days in a jar of nitrous
gas its bulk diminishes, and it loses the property of becoming
vellow when mixed with common air. Its properties are
now changed and it is called gazeous oxide of azote. This
new gas is composed of the same constituents as the former,
but it contains a smaller proportion of oxygen. It supports
combustion and bodies burn in it almost wuh as much splen-
lour as in oxygen gas.

Thus it appears that azote has the prupelt}' of combining
with three different doses of oxygen.

3. The combinations of azote with the simple substances
are not numerous, but some of them are important.

When putiid urine, wool, and many other animal sub-
stances are distilled, among other products there is obtained
a4 substance of a pun-:renl: odour and taste, known by the
names of hartshorn, volatile alkali, ammonia. It may be
obtained pure by heating a mixture of three parts of
quicklime and one part of the salt called sal ammoniac in a
glass flask and receiving the product over mercury. Itisa
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only to be heated in order to be reduced; but most of them
require also the presence of charcoal or of some other com-
bustible substance. These oxides were at first considered as
simple substances, and the metals were supposed to be com-
posed of them and the principle of inflammability, called
phlogiston.  But it was shewn by the experiments of Lavoi-
sier, that the oxides are compounds, and that they are com-
posed of the metals from which they were obtained, united to
oxygen. Thus oxide of gold is a’compound of gold and oxy-
gen. It was the discovery of this fact that induced chemists
to substitute the word oxide for calx.

Most metals are capable of combining with various doses
of oxygen, and of forming varlous oxides, which it is of con-
sequence to be able to distinguish. This may be done by
prefixing to the term oxide, the Greek erdimal numeral, ex-
pressing the peculiar oxide. Thus protoxide of tin is the first
oxide of tin, or tin combined with a minimum of oxygen.
Deutoxide of tin, is the second oxide of tin, or tin combined
with two doses of oxygen. The terms tritoxvide, tetroxide,
pentoxide, &c. are to be understood n the same way. The
last oxide of a metal is called Peroaide. Perovide, meansa
metal combined with as much oxygen as it can take up, or a
metal saturated with oxvgen. :

3. Metals combine with the simple combustibles, and form
compounds, many of which are of considerable importance.
These compounds are denoted by a word formed from the
simple combustible present, and terminating in uref. Thus
sulphuret of tin is a compound of sulphur and tin. In like
manner, carburet and phorphuret of iron, means iron com-
bined respectively with carbon and with phosphorus. Hy-
drogen gas dissolves some of the metals. These solutions are
denoted by prefixing the metal converted into an adjective
before the word hydrogen. Thus arsenical hydrogen gas,
means a solution of arsenic in hydrogen gas. When hydrogen
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carats means 23 parts of gold alloyed with 1 part of some
other metals; gold of 22 carats, 22 parts of gold alloyed
with € parts of some other metal. The number of carats men-
tioned specifies the pure gold, and what that number wants
of 24 ndicates the quantity of alloy.

Secr. II.  Of Platinum.

Platinum, which approaches gold in many of its properties
was unknown in Europe as a peculiar metal till 1740.
Hitherto it has been found only in South America and in the
Silver mine of Guadal-canal in Spam. For the first accu-
rate investigation of its properties we are indebted to Dr
Lewis, and since his time it has been investigated by a great
number of very eminent chemists.

It is brought from America in small flat grains having a
silvery lustre. These grains besides platinum contain no
less than $ other metals. The platinum may be obtamned
pure by dissolving the grains in nitro-muriatic acid and pour-
g a solution of sal ammoniac mto the liqguid. An orange
yellow precipitate falls. 'This precipitate is to be washed
and dried and exposed to a red heat. The powder which
remains is pure platinum. It may be amalgamated with
mercury, and, by cautious heating and hammering, it may be
reduced into an ingot.

1. Platinum has a white colour like silver, but not so
bright. It is as hard as iron. Its specific gravity, when ham-
mered, is at least 23, so that it is the heaviest of all known
bodies. It is very ductile and malleable. A platinum wire
of the diameter 0-078 inch, is capable of supporting 274:31
Ibs. avoirdupois without breaking. It is very difficult of fu-
sion, and indeed cannot be melted n any quantity by the
oreatest heat which we can produce. But at a white heat
pieces of platinum may be welded together like pieces of
hot iron. It is not altered by the action of heat und air.

-
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5. It combines with most of the other metals, and forms
alloys, first examined by Dr Lewis.

Gold unites to it, but a strong heat is necessary to combine
them uniformly. Platinum alters the colour of gold very
much. An alloy of 4 parts of gold and one of platinum has
the colour of pure platinum. The colour is much affected
unless the platinum be less than y%th of the gold. If such
an alloy be digested in nitric acid the platinum is dissolved.
Thus it 1s easy to detect any attempt to debase gold by the
addition of platinum.

Secr. III.  Of Silver.

Silver seems to have been known almost as early as gold.

1. It has a fine white colour, with a shade of yellow, and
is remarkably brilliant when polished. It is rather harder
than gold. Its specific gravity is about 10°510. In mallea-
bility and ductility it is inferior to none of the metals except
gold. It may be hammered out into plates not more than
Tecsogth of an inch thick, and drawn out into wire finer than
a human hair. A silver wire 0°078 inch thick, is capable of
supporting 187-13 Ibs. avoirdupois, withont breaking. It
melts when thoroughly red hot, or at the temperature of 22°
Wedgewood. By a very violent heat it may be boiled, and
partly volatilized. When cooled slowly it erystallizes in 4
sided pyramids.

2. By very long exposure to heat and air silver may be
oxidized, but the process is so tedious and difficult that we
cannot have recourse to it. There are two oxides of silver
known, both of which have an olive green colour.

- The peroxide may be formed by dissclving silver in nitric

acid, and precipitating, by means of lime water. The pow-
der which falls, when washed and dried, 1s the peroxide.
It is tasteless and insoluble in water. When exposed to light
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ing 302-2 Ibs. avoirdupois without breaking. It melts at
27° Wedgewood, and gradually evaporates in visible fumes.
When melted it has a bluish green colour, something like
that of melted gold. When allowed to cool slowly, it crys-
tallizes in quadrangular pyramids.

2. It is not altered though kept under water. When
heated in contact with air, it is gradually converted into
a black oxide by the combination of oxygen. Before a blow-
pipe of oxygen and hydrogen gases, it burns with a fine green
flame. 'There are two oxides of copper. The protoxide is
found naturally of a red colour, but when formed artificially
it is orange. The peroxide is black.

The protoxide was first recognised by Mr Proust. It
may be prepared by heating together a mixture of equal
parts of black oxide and copper in powder in muriatic
acid. Almost the whole is dissolved, and the solution is
colourless. By pouring potash into the solution, the pro-
toxide precipitates in the state of a yellow powder. This
oxide is composed of 885 parts copper, and 115 oxygen.
It attracts oxygen with such avidity, that it can scarcely be
dried without becoming black.

The peroxide of copper is easily formed by keeping copper
filings a sufficient time red hot. It contains 80 parts copper,
and 20 oxygen. It is black. It combines with water, and
forms a blue coloured matter called hydrate of copper.

3. Copper has not been combined with hydrogen or car-
bon ; but it unites with sulphur ana phosphorus forming the
sulphuret and phosphuret of copper.

When equal parts of sulphur and copper are stratified in a
crucible, they combine at a red heat, and form sulphuret of
copper, of a very deep blue colour. It is brittle, and com-
posed of 78 copper and 22 sulphur. If copper filings and
sulpbur In powder be mixed, and gradually heated in a flask,
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reducea to powder. It melts at 130° Wedgewood, and
crystallizes as it congeals. It is attracted by the magnet,
and may itself be converted into a magnet.

2. It is not altered by air nor water at the ordmary tem-
perature of the atmosphere, but in a red heat it 1s gradually
converted into an oxide. We are acquainted with 3 oxides
of cobalt. : :

The protoxide is blue. It may be obtained by dissolving
cobalt m nitric acid, precipitating by potash, washing and
drying the powder, and exposing it to a red heat for some
time. It dissolves in acids without effervescence. It is com-
posed of 831 cobalt, and 161 oxygen.

Moist protoxide, when exposed to the air gradually absorbs
oxygen, and assumes an olive colour. This 1s the deutoxide
of cobalt. When digested in muriatic acid, oxymuriatic
acid flies off, and a solution of protoxide is obtained.

By gradual exposure to the air, more oxygen is absorbed,
and the oxide becomes black. This is the peroxide. It
forms abundance of oxymuriatic acid gas when digested in
muriatic acid. It is composed of 80 cobalt and 20 oxygen.

3. Cobalt does not combine with carbon or hydrogen.
Sulphuret of cobalt may be formed by melting the metal
with sulphuret of potash. It is yellowish white, and is com-
posed of 711 cobalt and 281 sulphur.

- Phosphuret of cobalt may be formed by throwing bits of
phosphorus upon red hot cobalt. It is white and brittle,
and soon loses its metallic lustre.

4. Cobalt does not combine with the simple incombusti-
bles. It unites with the different metals, and forms alloys
which have been but imperfectly examined.

Secr. XX, 0f Manganese.

Ores of the metal called manganese are common, in which it
occurs always in the state of an oxide. Scheele, Bergman and
E
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Gahn are the chemists to whom we are indebted for the first
mvestigation of its properties.

1. Manganese has a greyish white colour, and considera-
ble brilliancy. Its texture is granular. It is of the hardness
of iron. It is brittle. Its specific gravity is 6:850. It re-
quires a heat of 160° Wedgewood to melt it, and is there-
fore rather more infusible than iron.

2. It absorbs oxygen when exposed to the air. We are
acquainted with 3 oxides of this metal.

The protoxide is white. It may be obtained by dissolv-
ing black oxide of manganese in nitric acid by the assistance
of sugar, and precipitating by potash. It is a white powder
composed of 80 manganese and 20 oxygen.

The deutoxide may be obtained by exposing ‘the black
oxide to a violent heat, or by dissolving black oxide in sul-
phuric acid, by means of heat, and precipitating with pot-
ash., Itis a red powder composed of 74 manganese and
26 oxygen.

The peroxide or black oxide exists native in abundance.
It has the metallic lustre, and is often crystallized. When
heated, it gives out abundance of oxygen gas. It is com-
posed of 60 manganese and 40 oxygen..

3. Manganese does not combine with hydrogen or carbon,
but it unites with hydrogen and sulphur. .

Phosphuret of manganese may be formed by dropping
phosphorus on red hot manganese. It is white, brittle, gra-
nular, and disposed to crystallize.

Bergman did not succeed in his attempts to combine sul—
phur with manganese. But he formed a sulphurated oxide
by heating 8 parts of black oxide, and 3 parts of sulphur.

4. Manganese does not combine with the simple incom-
bustibles; but it unites with the metals, and forms alloys
which have been but imperfectly examined.
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15 iron grey, it has considerable lustre, and i1s soft enough to
yield to the file. Its specific gravity is 9:000

2. It forms various oxides which have hean hitherto t:il'll]
examined by Bucholz.

When heated to redness it undergoes a species of combus-
tion, and is converted into a greyish black powder, which is
the protoxide. It is composed of 95 uranium and five oxy-
gen.

When uranium is dissolved in nitric acid and precipitated
by potash, it is obtained in the state of a peroxide. Itisa
yellow, tasteless powder, insoluble in water. It dissolves with
cffervescence in muriatic acid, oxymuriatic acid gas being
exhaled. Tt is composed of 80 metal, 20 oxygen.

Besides these two oxides, Bucholz is of opinion that there
are several others intermediate between them, distinguishable
by their colour. He recognised four, namely, the violet,
the greenish brown, the greyish green, and the orange.

3. Uranium is capable of umting with sulphur. No ex-
periments have been made of the action of the other simple
combustibles on it. Neither do we know the action of the
simple mcombustibles, or the alloys which it forms with

other metals,

~ Sker. XXIIL.  Of Molybdenum,

This metal is extracted from a scarce mineral called mo-
lybdena, first examined by Scheele. Molybdenum was first
obtained in the metallic state by Hielm.

1. Hitherto it has only been obtained in small grains
simply agglutinated. Its colour 1s silvery white. Its specific
gravity is 8:611. It is brittle, not altered though kept under
H-Itﬂl‘, but the effect of air 1s unknown.

2, When heated n the open air it graduzlly combmes
with oxygen, and 1s volatilized m the form of small white
needles. It seems capable of forming four different oxides.
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The protoxide is brown. It is obtained by exposing mo-
lybdenum in powder to a red he:t, |

By exposing it to a longer and more violent heat it becomes
iolet brown. This Bucholz considers as 2 second oxide.

The blue oxide may be obtained by carrying the heat a
little farther, or by triturating together one part of molybde-
num and two parts of molybdic acid, boiling the mass in
water and evaporating the liquid to dryness. This oxide
possesses several properties of an acid. It converts vegetable
blues to red, and combmes with saline bases and forms salts.
It may be called molybdous acrd. It is composed of 100
metal and 34 oxygen.

The white oxide, or molybdic acid, is obtained by roast-
ing molybdena for some time, dissolving the grey powder in
ammonia, and pouring nitric acid into the solution. The
oxide precipitates in fine white scales, which, when melted
and sublimed, become yellow. It converts vegetable blues
to red, but does not act so powerfully as the blue oxide. It
is composed of two parts metal and one part oxygen.

3. Molybdenum combines with phosphorus and sulphur,
but not with carbon and hydrogen.

Sulphuret of molybdenum occurs native, and is usually
called molybdena. It is of a bluish grey colour, has the
metallic lustre, and i1s composed of plates. It consists of G0
parts metal and 40 sulphur.

4. The simple mcombustibles do not combine with mo-
lybdenum; but it unites with the metals and forms alloys
which hitherto have been examined only by Hielm. None
of them are of much importance.

Sect. XXIV. Of Tungsten.

Tungsten was discovered by Scheele, and reduced to the ..
metallic state by the I’Elhuyars. It so difficult of fusion
- EJ '
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that, hitherto, it has been very seldom procured in a tolera-
bly compact state. It is sometimes called scheelium after
the discoverer.

1. It is of a greyish white colour, and has a good deal of
brilliancy. It is very hard and seems to be brittle. Its spe-
cific gravity is 17°6. It requires a temperature at least equal
to 170° Wedgewood to melt it. It is not magnetic.

2. When heated in an open vessel it is gradually oxidized.
We are acquainted with two different oxides of this metal,
the blue and the yellow.

The protoxide or blue oxide may be obtained by heating
the yellow oxide for some hours in a covered crucible.

The peroxide or yellow oxide may he obtained by boiling
tungsten or its ore in munatic acid, decanting off the acid,
and allowing it to settle. A yellow powder gradually preci-
pitates. This yellow powder i3 to be dissolved in ammonia,
the solution evaporated to dryness, and the residue kept for
some time in a red heat, This yellow oxide is composed of
80 parts metal and 20 oxygen. It combines with bases,
forms salts, and therefore has been considered as an_acid.
Its specific gravity is 6-12.

3. Tungsten combines with sulphur and phosphorus, but
not with hydrogen or carbon.

4. The simple incombustibles do not unite with it, but it
combines with the metals and forms alloys, hitherto exami-
ned only by the Elhuyarts.

Secr. XXV. Of Titanium.

This metal was discovered by Mr Gregor ; but it received
its name from Klaproth, who discovered it without any
knowledge of the labours of Gregor.

1. It is so refractory that most persons have failed in their
attempts to reduce it. Lampadius is said to have succeeded.

4
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Ekeberg, a Swedish chemist, announced, some years ago,
that he had discovered a peculiar metal, to which he gave
the name of tantalum. Dr Wollaston has lately proved that
this new metal is the same with Mr Hatchett’s columbium.

Secr. XXVIL.  Of Cerium.

This metal was discovered by Hisinger and Berzelius in a
mineral found in a Swedish copper mine, and at first con-
founded with tungsten. T'o procure the oxide of cerium is
easy, but all attempts to reduce that oxide to the metallic
state have falled. The metal appears to be volatile, aud is
dissipated by a violent heat, while a moderate heat is not suf-
ficient to reduce it.

1. Cerium appears to be white and brittle; but its other
properties are unknown.

2. It forms, at least, two oxides, the white and the brown ;
and, according to the Swedish chemists, there are two oxides
intermediate between these, the yellow and the red.

3. We are unacquainted with the effect of the simple com-

bustibles and mcombustibles on cerium. It has been alloved
with iron, but with no other metal.

Sect. XXVIII. General Remarks.

"The following table exhibits a synoptical view of some of
the principal properties of the metals.
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]

Hard-] Speaific | Melting point. :

Metals. Colour. . | mesz. | gravity. Fabreaiall Walgeen Tenacity.
1Gold o ens [Vellow +6*5 19-361 32 l.:'rﬂ'{}':i
Platinum _ |White 8 [25000 170 |aasn |
Silver ' White 7 10510 232 18713
Mercury White 0 |13:568 |—39 \
Palladium White a9 11871 100+
Rhodium White 114 1604
Iridium White 160+
Osmium Blue L 1604 |
Copper Red 75 | 8805 27 130226
Iron Grey 3] 78 158 154025
Nickel White  [3:5 | 8666 160+ ;
Tin E‘hite ] 7209 [442 Sl-noi
Lead Blue [55 [11-352[612 1840 |
Zinc Whate 65 | 6:861 SO 13-9{}5:
Bismuth Eﬁﬂgish - ()-822 [476 20°10 |
Antimony White |6-5 | 6-712(810 4
Tellurium  |White 6115|6124
Arsenic White 5 8:310 [4004-
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Talle continued.
ATl Calowr. j?::f :F:ﬁ. md LG Tl-nan}.l
Fahrenbeit) Wedgenw.

'Cobalt Grey O 177 130
Manganese Grey 9 | 6:850 160
Chromium White 590 170+
Uranium Iron-grey 0000 170+ .
Molybdenum |[White 3611 170+
Tungsten White 04 |17:600 170+

— _— —_—
Titanium Red 170+ :
Columbium 1704
Cerium White 170+

2. All the metals are capable of combining with oxygen.
The knowledge of the number of oxides, and of the proportion

of oxygen which they contain, is of great importance.

The

following table exhibits a list of these oxides, as far as known,
of their colours, and of the quantity of oxygen in each, com-

bined with 100 parts of metal.
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Table continued.

r,; r t-l & &
Chdive ﬁ I EI < ._u . E
JiFetal é Colour é‘ DMetals, ;E Colours. ;;1
1 |Black 15 [|Colum- d
Tungsten | o yellow (25 [ bium | P[White
|
Titani- oo |55 "Cerium 1 {White
o 3|White |49 ¢ {Red

The Letter P in the second column signifies Peroxide.

3. Of the simple combustibles carbor has been oﬂ]y
untted hitherto to one metal, namely iron : h}'dl‘ﬂgen oas
dissolves arsenic, zinc and iron, seemingly in the metallic
state : phosphorus combines with most of the metals hither-
to tried, but these compounds have been applied to no use-
ful purpose : sulphur likewise combines with most metals ;
the sulphurets are often found native; some of them are pre-
pared artificially as paints: we do not know the action of
horacium on the metals.

4. The action of the simple incombustibles on metals is
ot striking.  Azote has no effect. Muriatic acid oxydizes
some of them, and it readily combines with the metallic
oxides.

5. The combinations of the metals with each other called
alloys, are some of them, as those of zinc and tin, of great
importance. The greater number of them have only been
very superficially examined.

o
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DIVISION L
OF UNCONFINEABLE BODIES.

The unconfineable bodies cannot be examined directly ; be-
cause we have no method of retaining them till we ascertain
their properties. We can only draw inferences respecting
them by seeing the changes produced upon those bodies into
which they enter, or from which they separate., They are
four in number, namely, light, heat, electricity and magnet-
ism. But the examination of the two last is not considered

as the province of chemistry. The two first will occupy our
attention in the following chapters.

Cuar. L.
Or Licnr,

Every person 1s acquainted with the light of the sun, and
of burning bodies, and that it is by means of light that bo-
dies are rendered visible.

Huygens considered light as a subtile fluid filling space,
and rendering bodies visible by the undulations into which it
is thrown. While Newton and almost all other philosophers
consider it as a subtile substance, constantly separating from
luminous bodies, moving in straight lines, and rendering bo-
dies visible by entering the eye.

Light takes about 8 minutes in moving across half the
earth’s orbit, which is a space exceeding 90 millions of miles ;
of course its velocity is not much less than 200,000 miles in
a second.” - From this velocity, joined to the imperceptible
effect produced by the impulse of the particles of light on



75 LIGHT. CHAP. I.

other bodies, 1t is obvious that its particles are inconceivably
minute. - Hence the reason that they produce no perceptible
effect upon the most delicate balance.

While a ray of light moves in the same medium, or when
it passes perpendicularly from one medium to another, it
does not change its direction. But when it passes obliquely
from one medium to another it changes its direction, and is
then said to be refracted. When it passes from a rarer to a
denser medium, it 1s refracted fowards the perpendicular;
when from a denser to a rarer, 1t is refracted from the per-
pendicular. In the same medium, the sines of the angles of
mncidence and refraction have a constant ratio. -

- When aray of light strikes obliquely against a plain sur-
face, even though transparent, instead of passing through, it
is bent back in a contrary direction. Just as would happen
if an elastic ball were made to strike obliquely against the
oround. 'The ray is then said to be reflected.. The angle of
reflection is always equal to the angle of incidence.

‘When a ray of light passes within a certain distance of
another body, 1t i1s bent fowards it; at a different distance
it is bent from it. In the first case, the ray is said to be.in-

flected, in the second to be deflected.

When a ray of light is made to pass through a triangular
glass prism, and received upon a sheet of paper, the image
or spectrum, as it is called, instead of being round, is oblong.
This spectrum exhibits seven different colours, i the fol-
lowing order, beginning with the lowest ; red, orange, yel-
low, green, blue, indigo, violet. In this case the refraction
of the ray is increased by the figure of the prism, and if it be
heterogeneous, and consist of rays differing in refrangibility,
they will separate from each other, the most refrangible go-
ing to the top of the spectrum, the least refrangible to the
bottom, and the others in their order. This is the case.

Light consists of seven different rays distinguished by seven
different colours. The red is the least refrangible, and the
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piolet the most. The refrangibility of the restis in the order
of their names.

 The rays of light differ in their power of illuminating ob-
jects. The hightest green or deepest yellow gives the most
light, and the light diminishes as we approach either extre-
mity of the spectrum. The violet has the least illuminating
power.

Light is capable of entering into bodies and remaining in
them, and of afterwards being extricated by various means.
Such bodies are said to phosphoresce.  Almost all bodies
possess this property to a certain extent. If they be exposed
to the sun, and suddenly carried to the dark, they are luminous
for some time, but in general, for a very short period.
Some bodies seem to contain light as a constituent, from
which it may be extricated by various means. Thus fluor
spar, and various other minerals become luminous when
heated. Herring, other fish, meat and wood, often become
‘luminous just before they begin to putrefy, and often conti-
nue luminous for a considerable time.

~ Light produces considerable changes upon certain bodies.
The green colour of plants is owing to it, for when they ve-
getate in the dark, they are white. Nitric acid and oxymu-
riatic acid are decomposed by exposure to the light, and
oxygen gas emitted. The oxide of silver, and perhaps also
of gold, is reduced by exposure to light. Till lately it was
supposed that these changes were produced by the co-
lorific rays of light. But it has been recently ascertained,
that muriate of silver is blackened most rapidly when placed
beyoud the violet ray, and entirely out of the prismatic spec-
trum. Hence it follows, that the change is produced not
merely by the colorific rays, but by rays which are incapable
of rendering objects visible, or of producing any sensible
heat. Thus we learn that the solar licht contains at least
2 distinct sets of rays, one set which renders bodies visihle,
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and another which blackens muriate of silver, and reduces
metallic oxides. This second set may be called deovidizing
rays, till some better name is thought of. They are obvious-
ly more refrangible than the colonific rays.

Such are the properties of light. They are sufficient to
mnduce us to believe that it is a body ; but it possesses three
peculiarities, by which it is aistinguished from all the sub-
stances hitherto described. It has the power of exciting in
us the sensation of vision ; it always moves with a prodigious
velocity, and the particles of it are never found cohering
together in masses. This last property cannot well be ac-
counted for, unless we suppose that its particles repel each
other. .

The sources of light are, the sun and stars, combustion,
heat and percussion.

The light emitted by the sun 1s familiarly knovn by the
name of the light of day. In all cases of rapid combustion
light 1s emitted : b=t different substances vary very much
the quantity of light which they give out while burning. = All
substances, except gases, become luminous when heated to a
certain temperature (about 700°). They are then said to be
red hot. When hard substances, as two quartz stones, flint
and steel, are struck agaist each other, luminous sparks are
emitted. This is sometimes, (as in the case of flint and steel)
owing to the particles given oft catching fire ; but in other
cases, the appearance of the spark has not beey accounted
for.

Cuar. II,
Or Cavonic,

The meaning of the word keat is so well understood, that
any attempt to define it 1s unnecessary. When we say that




































02 CALORIC. CHAP. 11.

equal parts called degrees, and these degrees are continued
_indefinitely above and below these two points.

The thermometer gets its name according to the number
of degrees into which the space between the freezing and
the boiling point is divided.  There are four thermometers still
used in Europe. In that of Reaumur the space between the
two points isdivided into 80°. The freezing pointis marked
0, the boiling pont 80°. In the thermometer of Celsius the
same space is divided into 100 degrees. The freezing pomnt
is marked O, the boiling point 100°. This is the thermome-
ter used in Sweden and in France since the revolution. In
the thermometer of Fahrenheit, the space between the two
points is divided into 180 degrees. But the scale begins at
the cold produced by a mixture of snow and salt, which is
32° below the freezing point. The freezing pomt is marked
n consequence 32°, and the boiling point 212°.  Thisis the
thermometer used in Britain, It is the one always used in
this work, except when some other is expressly mentioned.
In the thermometer of Delisle, the space between the two
points is divided into 150 degrees, but the graduation begins
at the boiling point, which is marked 0. The freezing point
is marked —150. |

As mercury does not expand equably, the thermometer
does not give us an exact measure of the increase of heat.
Mr Dalton has endeavoured to prove that mereury expands
as the square of the temperature, reckoning from its freezing
. point. This opinion has induced him to construct a new
thermometer, graduated according to that principle. If this
opinion he correct, the common degrees are too large near
the bottom of the scale, and too small towards the upper
part of it.  122°, or half way between freezing and boiling,
corresponds according the new graduation with 110° of the
old.
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_bodies, and the second the difference between two absolute
calorics. Thus, if the specific heat of water be 10, and that
of 1ce 9, then the absolute quantity of heat in water is, to
that in ice, as 10 to 9. Call the absolute heat of ice x, then
that of water i1s x <} 140, and we have x : x + 140 : : §: 10.
Hence we get this equation 10 x =9 x + 1260, which gives
us x = 1260. Water at 32° of course contamns 1400° of ca-
loric. Dr Crawford, from his experiments, stated the real
zero at 1500 below 0; and Mr Dalton places it at 6000 be-
low 0. :

Unfortunately, the truth of the two suppositions upon
which this ingenious reasoning is founded, cannot be admit-
ted. We have no proof that the specific heat of hodies is
proportional to their absolute heat. The second supposition
1s at variance with the mechanical phenomena which present
themselves when substances change their state, and would
leave that change itself unaccounted for. 1t cannot therefore
be admitted. Various other methods of ascertaining the ab-
solute heat of bodies have been proposed. But, as they are
all unsatisfactory, it is not necessary to detail them here.

Sect. VI.  Of the Sources of Caloric.

The most important sources of heat are the five following,
the sun, combustion, percussion, friction, and mizture,

1. The Sun.

The sun is an immense globe, the diameter of which is
838,246 miles. It was long supposed to be in a state of
violent combustion. But the curious observations of Dp
Herschel render it probable that this notion is erroneous,
From them it appears, that the sun is an opaque globe, sur-
rounded by an atmosphere of great density and extent. In
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- this liquid, a white matter precipitates, which, when washed
and dried, is pure alumina.

Alumina is a white matter in powder. It has no taste,
and when pure no smell. Tts specific gravity is 2:000.

When heat is applied to alumina, it gradually loses weight
In consequence of the evaporation of moisture, At the same
time its bulk is diminished. Alumina undergoes a diminu-
tion of bulk proportional to the heat to which it is exposed.
Mr Wedgewood took advantage of this property to contrive
an instrument for measuring high temperatures. It consists
of pieces of clay of a determinate size, and an apparatus for
measuring their bulk with accuracy. One of these pleces is
exposed to the heat, and the temperature is judged of by the
contraction. This contraction is measured by means of two
brass rules fixed to a plate. The distance between them at
one extremity is 0'5 inch, and at the other extremity 03
inch. These rules are 24 inches long, and divided into 240
equal parts, called degrees. These degrees commence at the
wide end of the scale. The first corresponds with 947° of
Fahrenheit, or a red heat.

Alumina is not soluble in water, though it has a strong af-
finity for that liquid. Tt may be knedded with it into a very
ductile paste possessed of a good deal of tenacity.  Clay
owes 1its ductility to the alumima which it contains. It retains
water with more obstinacy than any of the other earths.

Alumina has no effect upon vegetable blues. It cannot be
crystallized artificially, but it is found native in beautiful
crystals, constituting the precious stone called sapphyr,

It neither combines with oxygen, nor with any of the simple
* combustibles.

Azote has no action on it; but muriatic acid unites with
it, and forms the salt called muriate of alumina.

It does not unite with the metals, but it has an affinity for
several metallic peroxides,

i
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insoluble in ammonia, but, like yttria, soluble in carbonate of
ammonia, :

Mr Davy has rendered it probable that it is a metallic
peroxide. To the metallic basis he proposes to give the
name of glucium.

Sect. IV. Of Zirconia.

Zirconia was discovered by Klaproth in the two minerals
called jargon or zircen, and hyacinth. Fuse the pounded
mineral with thrice its weight of potash. Wash the mass in
pure water till the whole of the potash is extracted ; then dis-
solve the residuum as far as possible in muriatic acid. Boil
the solution, filter and add a quantity of potash. The zirco-
hia precipitates in the state of a fine powder.

Zirconia is a white powder with a harsh feel. It has nei-
ther taste nor odour, infusible before the blowpipe, but when
violently heated, acquires the appearance of porcelain. In
this state it is hard, and its specific gravity is 4'3. It 1s inso-
luble in water, but, when precipitated from a solution and
dried slowly, it retains water and assumes thg appearance of
gum arabic. : :

It does not combine with oxygen, simple combustibles,
azote, nor metals. But it has an affinity for several metalli¢
oxides. : :

It is insoluble in liquid alkalies and infusible with them ;
but it is soluble in alkaline carbonates. .

Mr Davy has made it probable that it is a metallic per-

,oxide. To the metallic basis he proposes to give the name
of zirconium.
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been ascertained. The metallic bases of the alkalies and
earths decoinpose it with great rapidity at the usual tempera-
ture of the atmosphere.

Water dissolies the alkalics and allliiv onsthe (ke cn s
proper are insoluble in it. It dissolves also acids and salts,
and is capable of combining with a great variety of bodies.
Water unites to bodies two different ways. Some it dissolves
and the compound becomes liquid like water. In this way
it dissolves sugar, commen salt, and many other bodies.
Other bodies combine with it without losing their solidity.
The water loses its liquid form and assumes that of the body
with which it unites. In this way it combines with lime,
with alumina, with many salts, and with various metallic
oxides. When the compound of water with another sub-
stance remains liquid, the proportion of water is unlimited;
but when the compound formed 1s solid, the water combines
always in a certam determinate proportion. To the first
kind of compound, the name of soluiion has been given; to
the second, the term Aydrate has been applied. Thus, slack-
ed lime is called hydrate of lime; the crystals of barytes and
strontian are called hydrates of barytes and strontian. Most
of the metallic hydrates have lively colours, a strong taste and
are easily soluble in acids, while the oxide which constitutes
the base of the hydrate is usually duller in its colour, often
tasteless and always more difficultly soluble in acids. The
hydrate of copper is blue, that of nickel and iron green, that
of cobalt red, and that of tin white,

All the gases, in their usual state, contain a quantity of
water, from which they are hest freed by exposure to a very
low temperature. But this methed does not succeed in
freeing muriatic acid gas from water. That gas, even at the
Jowest temperatures, contains about one-fourth its weight of
water,



SECT. II. OXIDE OF HYDROGEN OR WATER. 157

The ancients considered water as an elementary substance.
Van Helmont endeavoured to prove that plants could be
nourished by pure water alone, and of course that it could
be converted into all the substances found in vegetables.
Boyle thought that, by lang digestion in glass vessels, it could
be converted into silica. His experiment was confirmed by
Margraff. But Scheele and Lavosier proved that the silica
was obtained by the decomposition of the glass vessel
which the experiment was made. Mr Cavendish, m 1781,
ascertained that water 1s a compound of oxygen and hydro-
gen, nearly in the proportion of six parts of the former and
one of the latter; and this discovery was confirmed by a
number of very laborious and rigid experiments,

Seer. IT.  Of Carbonic Oxide.

The substance at present known by the name of carbonie
eride, is a gas which was confounded with carbureted hydro-
gen, till Dr Priestley drew the attention of chemists to it in
a dissertation which he published in defence of the doctrine
of phlogiston. It was examined, in consequence, by Mr
Cruikshanks, who showed it to be a compound of oxygen
and carbon, and not of hydrogen and carbon, as Priestley
kad supposed. Clement and Desormes also analysed it with
the same result.

It may be obtained most readily by mixing together equal
weights of iron-filings and chalk, each as dry as possible, and
exposing them to a red heat in an iron retort. A gas comes
over in abundance. It consists partly of carbonic acid, part-
ly of carbonic oxide. The first gas is removed by washing in
Jime-water. The carbonic oxide remams behind.

Carbonic oxide is mvisible, and possesses the -mechanical
properties of common air, Its specific gravity is 00956, that
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Charcoal may be kindled in it by means of a buming
glass. The products are carbonic acid gas, and azotic gas.
Hydrogen detonates with it by means of electricity. Ac-
cording to Mr Davy, 39 measures of nitrous oxide consume
40 measures of hydrogen, and after the combustion 41 mea-
sures of azotic gas remain. From this experiment it has
been coneluded, that nitrous oxide is composed by weight of
63 azote.
57 oxygen.
100

Sulphureted, phosphureted and carbureted hydrogen gas
{ikewise burn when mixed with nitrous oxide, and kindled.

Neither azote nor muriatic acid produce any effect upon
this gas. =

Some of the metals as iron and zinc, burn or may be oxy-
dized in it. -

It has the property of combining with alkalies, and of
forming a peculiar species of salt, to which the name of azo-
tites may be given. Mr Davy, to whom we are indebted for
the discovery of these compounds, did not suceeed in com~
bining nitrous oxide with ammonia and the earths, but he hap
rendered it probable that such compounds are possible.

2, Nitrous Gas.

This gas was accidentally obtained by Dr Hales, but its
properties were first investigated, and its nature ascertamed
by Dr Priestley.

To obtain it, dissolve copper or silver in nitric acid diluted
with water, a gas separates, which may be collected in jars
over water, and is the gas in question,

It possesses the mechanical properties of common air. I#
specific gravity is 1094, that of air being 1°000.
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It is exceedingly noxious to animals, producing instant
suffocation whenever they attempt to breathe it.

Most combustible substances refuse to burn in 1t. But
pyrophorus burns in it with great splendour, and Hom-
berg’s phosphorus takes fire in it spontaneously just as in
common air. Dr Henry has ascertained, that ammoniacal
gas, when mixed with it, detonates by means of electricity.

When mixed with common air or oxygen gas, a yellow
colour appears, and if the mixture be standing over water, its
bulk gradually diminishes very considerably. The yellow co-
lour is owing to the presence of nitrous acid which is form-
ed, and the diminution of bulk to the gradual absorption of
that acid by the water. The cause of this remarkable phe-
nomenon is obvious. The nitrous gas combines with the
oxygen, and forms nitrous acid. Hence the diminution of
bulk depends upon the quantity of oxygen present. There is
a good deal of difference in the result obtained by chemists
of the amount of the diminution of bulk, which ensues.
According to Dalton, 21 measures of oxygen gas unite
either with 36 measures of nitrous gas, or with 72 measures.
According to Gay-Lussac 100 measures of oxygen gas unite
either with 200 or with 300 measures of nitrous gas, accord-
ing to circumstauces.

Nitrous gas, by eleetricity, is converted into nitrous acid
and azote,

Water, according to Dr Priestley, absorbs about 1-10th
its bulk of this gas; according to Dr Henry about 1-20th
of its bulk.

It is decomposed by phosphorus and charcoal, and proba-
bly also by sulphur at a very high temperature. Hydrogen
gas mixed with it burns with a green flame. This mixture,
according to Fourcray, detonates when passed through a red
hot tube.

- Neither azote nor muriatic acid produce any sffect upon it.
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According to the analysis of Bucholz, it is composed of
67 molybdenum.
33 oxygen.

e ——

100

Sect. VIII. Of Chromic Acid.

This acid was discovered by Vanquelin. Tt may be ob-
tained from the red lead ore of Siberia, by boiling the ore
with carbonate of soda, decanting off the fluid solution, and
saturating it with sulphuric acid. A red powder falls, which
18 chromic acid.

It has a red or orange yellow colour, an acrid and metal-
lic taste ; is soluble in water, and crystallizes in elongated
prisms of a ruby colour.

When heated it gives out oxygen gas, and is converted into
green oxide of chromium.

When mixed with filings of tin and muriatic acid, it be-
comes at first yellowish brown, and afterwards assumes a beau-
tiful green colour. When treated with acids, and various
other combustibles, a green colour is also evolved.

Sect. IX. Of Columbic Acid.

This acid was discovered by Hatchet in an ore from Ame-
rica of a black colour, which he found in the British Mu-
seum. It was obtained by fusing the ore with potash, dis-
solving the potash in water, and adding nitric acid to the so-
lution. The columbic acid precipitated in flakes.

It is a powder of a white colour, and not very heavy. It
is tasteless, insoluble in water, but gives a red colour to v
getable blues. | '

Sulphuric acid dissolves it, and forms a colourless solution,
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vinegar. When the vinegar is distilled, a transparent colour-
less liquid is obtained, called distilled vinegar, or sometimes
acetous acid. When this substance is combined with oxide
of copper, and the dry mass distilled, a liquid is obtamed,
which contains the acid in a much more concentrated state.
It was formerly called radical vinegar, and acetic acid, by
way of eminence. |

It is now known that the acid principle in all these three
liquids is precisely the same, and that they differ merely in
_ the concentration of that acid, or in consequence of containing
small quantities of some foreign ingredient. Hence the
term acefic acid is now applied to the acid n all cases.

Acetic aeid is a liquid transparent and colourless like wa-
ter. It has a peculiar and well-known aromatic smell when
in the state of vinegar or distilled vinegar. Inradical vinegar
this smell is not so agreeable, being mixed with a kind of
empyreumatic odour. When sufficiently concentrated, it may
be obtained in crystals, but the process is difficult, and re-
quires particular precautions to ensure success.

The specific gravity of distilled vinegar varies from 1:007
to 1:0005 : that of radical vinegar is 1:080.  But the strength
of the acid is not always proportional to its specific gravity,
owing to the presence of foreign bodies from which it is
very difficult to free it. It is very volatile, unites with wa-
ter in any proportion, and reddens vegetable blues.

Neither oxygen, the simple combustibles or incombusti-
bles, have any action on this acid. It oxidizes some metals ;
but 1ts action on these bodies 1s not violent. It combines
with metallic oxides, and forms with every one a soluble salt,
Indeed all the salts that contain acetic acid are soluble in
water. In this respect it agrees with nitric acid.

It combines with salifiable bases, and forms a class of salts
called acetates.

Sulphuric and nitric acids seem capable of decomposing it,

L2
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but the action of the other acids is not remarkable. It dis-
solves and combines with many vegetable bodies, and is, in
consequence, useful in vegetable analysis.

It is composed of oxygen, hydrogen and carbon, but the
proportion of these constituents has not been hitherto ascer-
tained in an unexceptionable manner.

Sect. II.  Of Benzoic Acid.

This acid is obtained, by sublimation, from a resinous sub-
stance called benzoin.

It is a fine light white matter in small needles. It is not
brittle, but has a kind of ductility. TIts taste is acrid, hot,
and somewhat bitter. Its odour is weak but aromatic. Its
specific gravity 0°667.. It reddens the most delicate vege-
table blues. '

It is easily volatilized by heat. It burns when kindled, and
leaves no residuum. Tt is not altered by exposure to the air.
Cold water dissolves no sensible quantity of it, but it dissolves
readily in hot water.

It is not acted upen by oxygen gas, or by any of the simple
combustibles or incombustibles ; nor does it seem capable of
oxidizing any of the metals, '

It combines with the salifiable bases, and forms a class of
salts called benzoates.

Several of the strong acids dissolve it ; but it is precipita-
ted again unaltered by the infusion of water. Alcohol dis-
solves it copiously.

Secr. IIL.  Of Sebacic Acid,

This acid was mentioned many years ago, but its nature
and properties remained unknown till it was Jately examined
by Thepard. Berzelius has lately added considerably to our
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knowledge of it. It may be prepared by the following pro-
cess.

Distil hog’s lard ; wash the product with hot water, sepa-
rate this water and drop into it acetate of lead. A flaky pre-
cipitate appears which is to be washed and dried, mixed with
sulphuric acid and heated. A melted substance, like fat,
swims on the surface. This substance is sebacic acid.

Sebacic acid is white, it has no smell; its taste is a plea-
sant sour, leaving in the mouth a very slight impression of
bitterness. It reddens vegetable blues. When heated it
melts like tallow, and, on cooling, concretes into a crystalli-
zed mass. It may be volatilized, hut requires a higher tem«
perature than benzoic acid. Berzelius has shown that this
acid, in most of its properties, coincides with benzoic acid ;
and that the two acids, if not absolutely the same, at least
approach very closely ta each other.

Secr. IV. Of Succinic Acid.

This acid is obtained when amber is exposed to heat. It
sublimes in small needles, coloured by an oil, from which it
may be freed by digestion in nitric acid and subsequent crys-
tallization. Trommsdorf affirms, that when dry saclactic acid
is distilled, it yields abundance of succinic acid.

This acid is white, crystallizes in triangular prisms, has an
acid taste, and reddens vegetable blues. When heated, it
melts and then sublimes.

It is but little soluble i cold, but very soluble in hot wa-
ter. Alcohol acts nearly upon it as water. It dissolves in
sulphuric, nitric and muriatic acids, without undergoing de-
composition.

1t combines with the salifiable bases, and forms a class of
salts called succinates.

L4
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Sect. V. Of Moroxylic Acid.

This nmd was discovered by Klaproth in a saline Exudﬂ-
tion incrusting the bark of the white mulberry tree. This
salt was a compound of the acid in question and lime,

The acid was separated by dissolving the salt in water, and
precipitating the acid by means of acetate of lead. The pre-
cipitate was mixed with diluted sulphuric acid and digested.
Sulphate of lead was formed and moroxylic acid disengaged.

It crystallized in needles, which had the taste of succinic
acid, were not altered by exposure to the air, and dissolved
readily in water and i alcohol. When heated it sublimes,
and thus may be obtained quite pure.

Sect. VI. Of C-:zmpﬁaric Acid.

This acid was discovered by Kozegarten, but ﬁrst accu-
rately described by Bouillon La Grange.

It is obtained by distilling a solution of camphar in nitric
acid, repeatedly adding nitric acid till it amounts to 24 times
the weight of the camphor. Crystals gradually make their
appearance, which consist of camphorie acid,

This acid is snow-white. Its crystals are parallelopipeds
which effloresce in the air. Its taste is acid and bitter, it has
the smell of saffron, and reddens vegetable blues.

It dissolves in about 100 parts of eold water, but is more
soluble in hot water. It dissolves mn alcohol. The salts
which it forms are called camphorates.

Sect. VII. Of Ouxalic Aeid.

This acid was discovered by Scheele, and first described
by Bergman. It is obtained by heating a solution of sugar
in nitric acid.
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The crystals are needles, having a brownish colour, and a -
sweetish sour taste. It is but moderately soluble in water.
Nitric acid does not seem to decompose it. [t reddens ve-
getable blues. The salts which it forms are called mellates.

Sect. IX. Of Tartaric Acid.

This acid exists in the salt called tartar, from which it
was first obtained in a separate state by Scheele. The pm-
cess is this: -

Dissolve tartar in water, and add chalk in powder as long
as an effervescence continues. A white powder precipitates.
Pour on this precipitate a quantity of sulphuric acid equal in
weight to the chalk employed, previously diluted with water,
and digest for a day or two. Then filter and evaporate the
Liquid. 'The tartaric acid is obtained in crystals.

These crystals are white, transparent and hard. They are
very irregular four-sided prisms, composed of 84°5 real acid,
and 15°5 water. '

It is not altered by exposure to the air. At 212°, it melts
and becomes as liquid as water. At 250°, it boils without
losing its transparency or acquiring colour. When cooled it
concretes into a hard mass, but the nature of the acid is
changed. It has now acquired the property of deliquescing
when exposed to the air. When distilled, this acid yields an
acid liquid formerly called pyrotartarous acid, but now known
to be the acetic disguised by means of an emypreumatic oil.
When combined with a base and distilled, tartaric acid is de-
composed and converted into water, carbonic acid, heavy in-
Sflammable air, and charcoal.

It dissolves readily in water, and when the solution is di-
luted, the acid undergoes spontaneous decomposition.

~ None of the simple substances produce any striking effect
upon this acid. It combines with the salifiable bases, and
forms a class of salts called tarirates.
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from their solutions. When heated it is decomposed, and
charcoal remains behind. '

-

Sect. XII.  OF Saclactic Acid.

This acid was discovered’by Scheele, who formed it by di-
gesting sugar of milk in nitric acid. Fourcroy and Vauque-
lin ascertained, afterwards, that it is formed when gum is heat-
ed with nitric acid and the solution allowed to cool. A white
powder precipitates, which is the acid in question.

Saclactic acid, thus obtained, i1s in the form of a white
gritty powder, with a slight acid taste. It is only slightly
soluble in boiling water. The solution has an acid taste, and
reddens vegetable blues.

The compounds which this acid forms, with the salifiable.
bases, are called saccolates.

Secr. XIII. Of Uric Aeid.

This acid was discovered by Scheele in urinary caleuli, and
first called lithic acid. But this term was afterwards laid
aside, and wuric acid substituted ; because this acid constitutes
one of the ingredients of urine. For the best account of the
properties of this acid we are indebted to Dr Henry.

It is obtained by dissolving the calculi, composed chiefly
of it, in alkaline ley, and precipitating by means of muriatic
or acetic acids. The white powder which falls, when well
edulcorated, 1s pure uric acid.

It is a white powder, without taste or smell. It reddens
vegetable blues, and requires more than 1700 parts of cold
water to dissolve it. ;

- It dissolves readily in fixed alkaline solutions; but not inal-
kaline carbonates. It dissolves in nitric acid, and when the
solution 1s evaporated nearly to dryness, it assumes a fine
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Secr. XV. Of Suberic Aeid.

This acid was obtained by Brugnatelli by digesting com-
mon cork in nitric acid. Its properties were afterwards more
investigated by Bouillon La Grange.

It does not crystallize ; but may be obtained in powder or
m pellicles. Its taste is acrid and slightly bitter, it reddens
vegetable blues, attracts moisture when exposed to the air,
but is not very soluble in water. It may be sublimed with-
out decomposition. The other acids dissolve it incomplete-
ly. The salts which it forms are called suberates.

Sect. XVI. Of Formic Acid.

This acid exists in the formica rufa, or red ant. It was
noticed in a paper by Mr Ray in 1671, in consequence of
the observations of Halse and Fisher. But its properties
were first investigated by Margraff. Fourcroy and Vauque-
lin endeavoured to prove that it was a mixture of acefic and
malic acids; but the experiments of Suersen have shown that
this opinion 1s not correct.

This acid may be obtained by infusing the ants in water,
distilling off the water as long as it comes over without any
‘burnt smell, saturating the water with potash, evaporating to
dryness, mixing the residue with as much diluted sulphuric
acid as is sufficient to saturate the potash employed, distilling
this mixture to dryness, rectifying the liquid that comes over
by a second distillation with a muderate heat The liquid
now contains only pure formic acid. _

This liquid is colourless like water. It has a peculiar
smell; it reddens vegetable blues, and has an acid taste. 1Its
specific gravity varies from 1'102 to 1°113, whereas the most
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name, found out the method of preparing prussian blue.
"The nature of this pigment was examined by Brown. But
it was Macquer who first ascertained its nature in a satisfac-
tory manner. In consequence of his experiments, prussian
blue was considered as a compound of oxide of iron with a
peculiar acid.  But no one was able to obtain this acid in a
separate state, or to ascertain its properties, till Scheele, in
two admirable dissertations published m 1782 and 1783,
pointed out a method of procuring it, and gave a detailed ac-
count of its nature. |

He procured the prussic acid in the following manner.
He boiled in a matrass a mixture of 10 parts prussian blue,
5 parts red oxide of mercury, and 30 parts of water, and fil-
tered the solution. The liquid was poured upon 2% parts of
clean iron filings, and at the same time 1 part of sulphuric
acid was .added and the mixture shaken. The iron disap-
peared and a quantity of running mercury was precipitated in
its place. Distil off one-fourth of this liquid by a moderate
heat, what comes over consists of water holding prussic acid
in solution.

Prussic acid, thus obtained, is a colourless liquid like wa-
ter. It has a strong odour resembling that of the flowers of
the peach or of bitter almonds. Its taste is sweetish, acrid
and hot, and it is apt to excite cough. It does not alter the
colour of vegetable blues. When swallowed it proves a very
virulent poison.

It is very volatile, and evidently capahle of assuming the
gaseous form, though hitherto it has scarcely been examined
in that state.

It is capable, when dry, of wuhstandlug a red heat without
decomposition, but when water 1s present, it very readily un-
dergoes change.

It combines with the salifiable bases, and forms a class of
bodies called prussiates, But they have very little perma-
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4. Acetic Efﬁfr.

Acetic ether was discovered in 1759 by the Count de
Lauraguais, who obtained it by distilling a mixture of alco-
hol and acetic acid. The process has been often repeated,
and has been improved since its original discovery. Thenard
has lately examined the properties of this ether.

He obtained it by distilling a mixture of strong acetic acid
and alcohol in a retort, and repeating the distillation 12 times.
No gas was found, nor any symptom of the decomposition
of either of the substances used exhibited. He then saturat-
ed the acid with potash, and by distilling the liquid off ace-
tate of potash, he got the ether in a separate state.

Acetic ether 1s limpid and colourless. Ithas an agreeable
odour of ether and acetic acid. It has a peculiar taste bear-
ing no resemblance to that of alcohol. It does not redden
vegetable blues. At the temperature of 441°, its specific
gravity is 0°866. It boils at the temperature of 160°. It
burns with a yellowish white flame, and acetic acid is deve-
loped. It undergoes no change by keeping. At the tem-
perature of 62° it requires more than 7 times its weight of
water to dissolve it. It seems from the preceding account
to be a kind of combination of acetic acid and alcohol, sub-
stances which 1t seems have the property of neutralizing each
other, :

5. Phosporic Ether.

From the late experiments of Boullay, it appears that ether
may be formed also by meaus of phosphoric acid. This acid,
of the consistence of honey, was put into a retort, aud heated -
nearly to the temperature of boiilng water. Aleohol was then
introduced by means of a fiumnel passing to the bottom of the
acid, and the mixture distilled. A liquid was obtained,
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6. Insoluble in water and alcohol.

7. Leave a greasy stain upon paper.

These oils, called also fut, or expressed oils, are obtain~
ed partly from animals, partly from vegetables by simple
expression. They occur chiefly m the seeds of bicotyledi-
nous plants, and in the livers of animals. Whale oil, sper-
maceti oil, olive oil, and linseed oil may be mentioned as
examples of fixed oils. i

Fixed oil is usually liquid with a certain degree of visci-
dity. It has usually a yellowish or greenish tinge. Its taste
is sweet or nearly insipid. When fresh it has no smell.

Many solid bodies also are obtained from vegetables
which have been hitherto confounded with the fixed oils, as
palm oil, shea butter, &c. From the late experiments of
Dr Bostoch, these substances seem to approach the nature
of wax rather more than that of fixed oils.

I'he fixed oils are all lighter than water. Their specific
gravity varles from 0-968 to 0-892. :

Fixed oil does not begin to evaporate till heated above
212°, As the heat encreases a pretty copilous vapour may
be seen to rise. But the oil does not begin to boil till heat-
ed nearly to 600°. It may be distilled over, but 1t is always
altered by the process. Some water and acetic acid seem to
be formed, heavy inflammable air i1s given out. The oil
deepens in colour and dcquires a disagreeable taste and
smell. :

Fixed oil when kindled burns with a yellowish white flame
and is decomposed. The products are carbonic acid and
water. When exposed to cold they congeal or erystallize
and at the same time their bulk diminishes very conside-
rably.

When exposed to the action of air, they undergo different
changes according to the nature of the oil. They gradually
absorb oxygen and becomesolid. Now there are some that
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The earths likewise and metallic oxides combine with the
fixed oils, and form a kind of soap insoluble in water.

Sulphuric acid gradually decomposes the fixed oils, black-
ening their coleur, and at last evolving charcoal. Nitric acid
acts with still greater energy. When poured suddenly on the
drying oils it sets them on fire. When sufficiently diluted, it
converts them all into substances similar to resins or tallow.

The fixed oils oxidize some of the metals, as copper and
mercury. They combine with various metallic oxides, as
those of arsenic, lead and bismuth, and are capable of form-
ing with several the viscid compounds called plasters.

They are liable, by keeping, to become rancid. They be-
come thick, acquire a brown colour, an acrid taste, and a
disagreeable smell. The oil, thus altered, converts vegetable
blues to red, and of course contains an acid. This change
is, at present, ascribed to a decomposition of the mucilagi-
nous matter which is dissolved in all oils, or to the action of
that matter in the oil.

When oils are burnt, the only products are carbonic acid

and water. Lavoisier, from a set of experiments made in

this way on olive-oil, deduced its composition as follows.

Carbon, 70
Hydrogen, 21
100

Many oils occur in the vegetable kingdom which are in-
termediate in their properties between the fixed and volatile
oils. Like the volatile oils they are soluble in alcohol ; but,
like the fixed, they cannot be distilled over with that liquid.

Hence they may be obtaned by digesting the substanece con-

taining them in alcohol, and then separating the alcohol by
evaporation. .

Many oils are formed when animal and vegetable bodies
are exposed to a heat above that of boiling water. These
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6. Several of the earths are .capable of combining like-
wise with metallic oxides. Hitherto only six metals in the
state of oxides have been found native combined with earths.
These are, 1. chromium; 2. nickel; 3. copper; 4. zinc;
5. manganese ; 6. iron.

Chromium constitutes the colouring matter of the rubgp
in which mineral it is combined with alumipa and magnesia.
Nickel has been found only in one mineral the chrysoprase,
to which it gives a green colour. The same remark applies
to copper which has been found only in the smaragdite and
in a very small proportion. Zinc is sometimes found com-
bined with silica in the mineral called calamine, which is
frequently merely an oxide of zinc. The oxide of manga-
nese is a very frequent ingredient in dark coloured stones, as
schorl, garnet, &c. It is found also combined with barytes.

Baut it is the oxide of iron which constitutes by far the
most common metallic constituent of minerals. No less
than seven distinct colours besides various shades have been
observed in minerals containing iron. These are white, black,
green, blue, red, yellow, brown.

The oxides of iron melt when heated with barytes, lime,
alumina or silica when they exceed the proportion of earth
considerably. They render mixtures of silica and alumina
fusible at a very low heat,

Cuap, IL

OF GLASS.

Silica when mixed with the fixed alkalies and exposed to

a strong heat enters Teadily into fusion. It melts also when

heated along with some of the alkaline earths, as lime, pro-

vided a little alumina be present. These mixtures are very
2
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caustic; and when exposed to the ar, it soon deliquesces
and runs into a liquid. The potash of commerce is always
in the state of a subcarbonate.

Sp. 2. Carbonate of Soda. Of this salt, like the pre-
ceding, there are two varieties,

Variety 1. Carborate, This salt occurs native in Africa,
and may be formed by passing a current of carbonic acid
through a solution of soda, till it ceases to absorb any more.
It runs into a hard solid mass, which is not altered by expo-
sure to the air,

Variety 2. Subcarbonate. What is called carbonate of
soda in commerce, is nothing else than this salt. Its ery-
stals are octahedrons, having their apexes trupcated, or
more commonly flat rhomboidal prisms. It dissolves in two
parts of cold water. When exposed to the air, it efllores-
ces and falls to powder. When heated, it undergoes the
watery fusion, and melts mn a red heat nto a transparent li-
quid.

Sp. 3, Carbonate of Ammonia. Of this salt, also, there
are at least two varieties.

Variety 1. Carbonate. This salt may be obtained by
passing a current of carbonic acid through the subcarbonate
dissolved in water. It crystallizes in six-sided prisms; has
no smell, and much less taste than the subcarbonate. When
heated it sublimes, and is decomposed.

Variety 2. Subcarbonate. This salt crystallizes, but the
crystals are small and irregular. Its smell and taste are
similar to those of ammonia, though weaker. 1t is lighter
than water. It is soluble in less than twice its weight of
water. From the experiments of Davy, it would appear
that there are different varieties of this salt, containing vari-

ous propurtions of acid, according to the temperatures in
which it has been prepared.
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greenish tinge. It 1s tasteless, insoluble in water, and not
altered by exposure to the air. When violently heated it
loses its acid. ,

Sp. 9. Carbonate of Alumina. Water, containing car-
bonic acid gas, dissolves a little alumina ; but when the alu-
mina is precipitated and dried, it appears, from the experi-
ments of Saussure, that it loses its acid. Carbonate of alu-
mina, then, cannot exist in a dry state.

Sp. 10. Carbonate of Yttria. A white, tastleless, inso-
luble powder.

Sp. 11. Carbonate of Glucina. A white, soft, tasteless
powder, with greasy feel. .

Sp. 12, Carbonate of Zirgonia. A white tasteless pow-
der. :

The following table exhibits a view of the composition
of these salts as far as it has been ascertained.

Carbonate of Acid.) Base. | Water,
F T T R TR S R ¢ R 100 339 445
Magnfﬁiﬂ-“nn"n-n--u"-it""n 100 50 50
R TR i von s ol el i B A e 100 05-3 ar
Soda dolosiil. wiaintisl.2nil 1 I 874 59
Lime ....... weanss | 100 | 122
BN ONERL. o ve nis shi e s s antwar s sanans 100 | 231
Yttriii-lIIlllililll!l-l--!ll-ll-ll-llll!l!lll!liilll!!!-i lm m'ﬁ lm
BREFLLN . sneinhisponsusinrassuinprngnss 100 | 3545

The subcarbonates appear to contain just one half of the
acid which exists in the carbonates.

Gexvs VIL  Sulphates.

This genus of salts has been long known, and very care-
fully examined. Most of the salts in it crymllm Their
taste is usually bitter. They are insoluble in alcohol, and
precipitated from water by alcohol. When heated fo red-
uess, along with charcoal, they are converted into sulphu-
rets. All their solutions yield a white precipitate, insoluble
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lour, and dissolves in about 30 parts of cold water. Atared
heat 1t 1s perfectly decomposed.

Sp. 10. Sulphate of Glucina. This salt is colourless. It
crystallizes in needles. Its taste is very sweet, and somewhat
astringent. Itis very soluble m water, and the solution does
not readily crystallize. When heated it undergoes the watery
fusion, and 1n a red heat is completely decomposed.

Sp. 12. Sulphate of Sircowia. This salt is usually in the
form of a white powder ; though it may be obtained also
crystallized in needles. It is tasteless, and insoluble in wa-
ter; not altered by exposure to the air, and easily decom-
posed by heat.

Sp. 13. Sulphate of Lime. This salt occurs native, anci
is distinguished by the names of gypsum and selenite. It is
found crystallized in octahedrons, six-sided prisms, and in
lenses. It has little or no taste. It dissolves in about 460
parts of cold water. It is not altered by exposure to the air.
It dissolves in sulphuric acide When heated it loses its wa-
ter of crystallization. When mixed with a little lime, it is
much used under the name of plaster of Paris for forming
casts, moulds, &c.

Sp. 14. Sulphate of Barytes. This salt is found na- -
tive, and distinguished by the names of ponderous spar,
heavy spar, baroselenite. It occurs crystallized in tables
with bevilled edges, in four-sided prisms, &c. It is white,
tasteless, insoluble in water, but soluble in hot sulphuric
acid. It melts when strongly heated into a white opake glo~
bule. When made into a cake with flour, and heated to I'td-
ness, it is phosphorescent.

Sp. 15. Sulphate of Strontian. This salt, like the pre~
ceding, occurs native in considerable quantity. It is crystal
lized in rhomboidal prisms. It is white, tasteless, insoluble in
water, but soluble in hot sulphuric acid. Inmost of its pro~
perties it resembles the preceding salt, but its specific gra-

2






Sp. 2. Sulphite of Soda. This salt crystallizes in flat four
sided prisms. It is white and transparent. Its taste is cool
and sulphureous. Itdissolves in four times its weight of cold
water. [n the air it effloresces, and is converted into sul-
phate. When heated it undergoes the watery fusion.

Sp. 3. Sulphite of Ammonia. It crystallizes in six-sided
prisms. Its taste is cool and penetrating, and it leaves a sul-
phureous impression in the mouth. It dissolves in its own
weight of cold water. When exposed to the air it attracts
moisture, and is soon converted into sulphate. When heated,
a little ammonia is disengaged, and the salt then sublimes in
the state of supersulphite of ammonia.

Sp. 4. Sulphite of Magnesia. It crystallizes in the form of
depressed tetrahedrons. It is white and transparent. Itstaste
1s mild, but it leaves a sulphureous impression in the mouth.
When exposed to the air, it becomes opake, and is very slow-
ly converted into sulphate. It dissolves in 20 parts of cold
water. When heated it becomes ductile like gum, and loses
45 per cent. of its weight.

Sp. 5. Sulphite of Ammonia-and-Magnesia. This salt
crystallizes, and is less soluble m water than either of its con-
stituents. _

Sp. 6. Sulphite of Lime. This salt i1s in the state of a-
white powder, or if an excess of acid be added, it crystal-
lizes in six-sided prisms, terminated by six-sided pyramids. It
has little taste, dissolves in about 800 parts of water, and in
the air effloresces very slowly, its surface being changed mto
sulphate. :

Sp. 7. Sulphate of Barytes. 'This salt, like the preced-
mg may be obtained in crystals, by adding an excess of acid.
It crystallizes in needles. It is tasteless, and nearly msoluble
in water. |

Sp. 8. Sulphite of alumina. This salt does not crystal~
lize. Itis a white soft powder with an earthy and sulphu~
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melts and congeals into an opake mass which has been call-
ed mineral crystal. “When kept melted it gives out about
the third of its weight of oxygen gas. It detonates most
violently with charcoal. This salt constitutes the principal
meredient of gun powder, which is a mixture of about se-
venty-six parts nitre, fifteen charcoal, and nine sulphir. The
constituents are ground to a fine powder, and then mixed
together with great care. The goodness of the powder de-
pends upon the intimate mixture. Those kinds of charcoal
are pitched upon which absorb the least moisture from the
air.

Sp. 2. Nitrate of Svda. 'This salt erystallizes in trans-
parent rhombs differing but little from cubes. It has a cool
sharp taste, and is rather more bitter than nitre. It dis-
solves in three parts of cold water, and in less than its weight
of boiling water. When exposed to the air it rather at-
tracts moisture. Its phenomena with combustibles and heat
are the same as those of the preceding species.

Sp. 3. Nitrate of Ammonia. This salt crystallizes in
six-sided prisms, terminated by six-sided pyramids. It has
a very acrid, bitter, disagreeable taste. It dissolves in twice
its weight of cold water, and in half itc weight of boiling
water. In the air it very speedily deliquesces. When heat-
ed it undergoes the watery fusion, but even after the water
is driven off it continues liquid at the temperature of about
400°, boils, and is decomposed, being converted into water
and nitrous oxide gas, i the proportion of about four parts
gas to three parts water. When heated nearly ta redness, it
burns with a kind of explosion. Hence it was formerly
called witrum flammans. -

Sp. 4. Nitrate of Magnesia. 'This salt crystallizes in
rhomboidal prisms or small needles. Its taste is very bitter
and disagreeable. It is soluble in little more than its weight
of cold water. In the air it deliquesces. 'When heated it
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Sp. 9. Nitrate of Alumina. This salt crystallizes with
difficulty into thin soft plates which have but little lustre. It
has an acid and astringent taste, 15 very soluble in water and
soon deliquesces when exposed to the air. 'When evaporat-
ed, it is readily converted into a gummy mass of the consist-
ence of honey. Itis easily decomposed by heat.

Sp. 10. Nitrate qf Ytria. This salt scarcely crystallizes.
Its taste is sweet and astringent. It speedily deliquesces in
the aur.

Sp. 11. Nitrate of Glucina. This salt’ may be obtained
in the state of a powder, but not in crystals. Its taste is
sweet and astringent. It is very soluble in water and speedi-
ly deliquesces in the air. :

Sp. 12. Nitrate of Zirconia. This salt does not crystal-
lize, but may be obtained in the state of a viscid mass which
dries with difficulty. It has an astringent taste. Itis very
sparingly soluble in water, and seems indeed to be partially
decomposed by that liquid. When heated it readily parts
with its acid and is decomposed.

The following table exhibits the composition of the ni-
trates as far as it has been ascertained :—

Nitrate of\Acid. | Base. | Water

Ammonial 100 | 40-38| 351

Magnesia| 100 | 4764

Lime 100 | 55°70| 187

|Soda 100 | 7343

{Strontian | 100 |116°86 |105.3

Potash 100 |117-7 81

Barytes | 100 '178-12% 343
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Sp. 1. Hyperoxymuriate of Potash. This salt crystallizes
in flat rhomboidal prisms of a silvery whiteness. Its taste is
cooling, austere and disagreeable, somewhat analogous to
that of nitre. It dissolves in 16 parts of cold, and 2§ of
boiling water. It is not sensibly altered by exposure to the
air. When heated nearly to redness, it gives out more than a -
third of its weight of oxygen gas. It detonates loudly when
mixed with sulphur or phosphorus, and struck upon an anvil
or triturated in a mortar. The egyperiment ought not to be
tried with more than a grain of the mixture. It may be
made into gunpowder with sulphur and charcoal, but it is
liable to explode during the preparation, ,

Sp. 2. Hyperoxymuriate of Soda. - This salt is not easily
obtained pure, because it is as soluble in water as the muriate
of soda, with which 1t 1s mixed in the preparation. It crys.
tallizes in cubes. It produces a sensation of cold in the
mouth, and has a taste different from that of common salt,
It dissolves in about three parts of cold water. In the air it
deliquesces slightly. It dissolves in alcohol.

Sp. 3. Hyperoxymuriate of Ammonia: This salt may be
formed by mixing carbonate of ammonia with an earthy hy-
peroxymuriate. It is very soluble in water and alcohol, and
is decomposed at a moderate temperature.

Sp. 4. Hyperoxymuriate of Magnesia. This salt resem-
bles the hyperoxymuriate of lime in its properties.

Sp. 5. Hypenu_yrrmriafe qf Lime. 'This salt may be
formed by passing a current of oxymuriatic acid gas through
lime diffused in water, and boiling phosphate of silver in the
solution, filtering and evaporating, Its taste is sharp and
bitter. It is very deliquescent, and dissolves copiously in al-
cohol. :

Sp. 6. Hyperoxymuriate of Barytes. This salt may be
obtained in the same way as the preceding species. It is so~
luble in four parts of cold water.
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powder called purple of cassius. Tt is employed as a paint,
and to give a red colour to glass and porcelain. According to
* Proust, it is a compound of three parts of the oxide of tim,
and one part of gold in the metallic state. But it seems
more likely that the gold is in the state of protoxide.

Sp. 2. Nitrate of Gold. Nitric acid containing a consi-
derable proportion of nitrous gas in solution, dissolves gold,
especially 1f it be much divided, as is the case in gold leaf.
The solution has an orange colour, and cannot be evaporat-

ed to dryness without decomposition.
The other salts of gold have not hitherto been examined.

Gexvus II.  Salls of Platinum

The solution of these salts in water has a brown or yel-
lowish brown colour. No precipitate 1s produced by prus-
siate of potash or infusion of nutgalls. Sal-ammoniac oc-
casions a copious yellow-coloured precipitate.

Sp. 1. Nitrate of Platinum. Nitric acid does not act
upon platinum, but it dissolves its peroxide, and forms a salt
not hitherto examined. i

Sp. 2. Muriate of Platinum. This salt is obtained by
dissolving platinum in aqua regia, and evaporating the solu-
tion, which is of a dark brown colour and opake. Small
irregular crystals of muriate of platinum may be obtained,
not more soluble in water than sulphate of lime. This salt
has a disagreeable astringent metallic taste. Heat drives
off the acid, and reduces the oxide to the metallic state.

The properties of the remaining species have been but
imperfectly examined. Potash and ammonia are capable of
combining with the salts of platinum and forming compounds
very little soluble in water. Hence a precipitate takes place
when these alkalies are poured into solutions containing pla-_
tmunt.
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Gexvus III. SaLTs or¥ SILVER.

The nitric is the only acid which dissolves silver with fa-
cility, but they all combine with its oxides and form salts,
most of which are but sparingly soluble in water. When
the salts of silver are exposed to the action of the blow-pipe
on charcoal, a globule of silver is obtained. Muriatic acid
or a muriate occasions a white precipitate in their solutions
which becomes black when exposed to the light. The prus-
siates occasion a white precipitate, and the hydrosulphuret
of potash a black precipitate in these solutions.

Sp. 1. Nitrate of Silver. There are two species of this
salt; the first, which has been long known, is an oxynitrate;
the second, recently discovered by Proust, is a nitrate.

1. Oxynitrate. Nitric acid dissolves silver with facility,
nitrous gas being emitted. The solution is colourless and
transparent ; very heavy and very caustic, It tinges the skin
of an indelible black, and is often used as a cautery. When
evaporated sufficiently it deposites crystals of oxynitrate of
silver. They are usually in thin plates, transparent, and
bave an intensely bitter and metallic taste. It does not de-
liquesce, but becomes brown in a strong light. When heat-
ed, it readily melts, and congeals, when cold, into a grey
mass crystallized in needles. In this state it is cast into small
cylinders, and used under the name of lunar caustic by Sur-
geons, to open ulcers, and destroy fungous excrescences.
It detonates when heated with combustibles, or when struck
with phosphorus upon an awvil, and the silver i1s reduced.
A moderate heat disengages the acid, and reduces the silver
to the metallic state. It is composed of about seventy per-
oxide of silver, and thirty nitric acid. |

2. Nitrate. 'This salt may be formed by boiling powder
of silver in a satwrated solution of oxynitrate of silver, A

R 2
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pale vellow coloured liquid is obtained, which contaiis ni-
trate in solution. Ths salt is exceedingly soluble in water,
and 1s not easily crystallized. When sufficiently evaporated,
it congeals entirely into a solid mass.  When exposed to the
air, or mixed with nitric acid, it speedily absorbs oxygen,
and is converted into oxynitrate.

Sp. 2. Hyperoxymuriate of Silver. This salt may be ob-
tained by boiling phosphate of silver in hyperoxymuriate of
alumina. It is soluble in two parts of warm water; as the
solution cools it crystallizes in small rhomboids, opake and
dull like nitrate of lead. It is soluble in alcohol. When
exposed to a moderate heat, oxygen gas is given out and
muriate of silver remains. When mixed with sulphur, and
struck upon an anvil, it detonates with prodigious vio-
lence.

Sp. 3. Muriate of Silver.  This salt is easily obtained,
by pouring common salt into a solution of nitrate of silver.
It 15 at first a heavy white curdy precipitate, but it soon
blackens when exposed to the air. It is insoluble in water,
When heated to about 500°, it melts into a erey coloured
semi-transparent mass, having some resemblance to horn,
and formerly called luna cornea. When heated with potash,
or when boiled with water and iron filings, it is decomposed,
and the silver reduced to the metallic state. It dissolves in
ammonia ; it 1s hkewise soluble in muratic acid, and by that
means may be obtained in octahedral crystals. It is com-
posed of about eighteen acid, and eighty-two peroxide of
silver. One hundred parts of dry muriate of silver contain
about 756 parts of pure silver.

Sp. 4. Sulphate of Silver. This salt may be formed by
boiling powder of silver in sulphuric acid. A white mass
is obtained, soluble in diluted sulphuric acid, and yielding
crystals by evaporation. The crystals are 'small prisms,

* They dissolve in about eighty-seven parts of water. They
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Sp. 18. Arseniate of Silver. An insoluble Lrown pow-
der.
Sp. 19. Chromate of Silver. A beautiful crimson pows
der which becomes purple when exposed to the light.

Sp. 20. Molybdate of Silver. A white flaky powder:

Gexvus IV. Sals of Mercury.

~ Mercurial salts when strongly heated are volatilized, and
traces of mercury may sometimes be observed. The prus-
siates occasion in them a white precipitate, hydrosulphuret
of potash, a black precipitate, and infusion of nutgalls am
orange yvellow precipitate. : ;

Sp. 1. Nitrate of Mercury. There are two species of
this salt, first correctly distinguished by Bergman, namely the
nitrate and oxynitrate. :

1. Nitrate. 'This salt is obtained by dissolving mercury
in diluted nitric acid without the assistance of heat. The
solution is colourless, very heavy and caustic. It tinges the
skin indelibly black. It crystallizes in transparent octahe-
drons having their angles truncated. Sulphurated hydrogen
gas, passed through the solution of this salt, reduces the mer-
cury which separates in combination with sulphur. Munriate
of tin throws down the base in the state of running mer-
cury. '

2. Ouxynitrate. 'This salt is formed when nitric acid
is made to dissolve mercury with the assistance of heat;
provided an excess of mercury be not present. By conti-
nuing the heat, the solution passes into a yellow coloured
crystalline mass. “When diluted with water, a white or yel-
low powder separates which is a suboxynitrate of mercury.

. Sp. 2. Hyperorymuriate of Mercury. Mr Chenevix ob-

tained this salt by passing a current of oxymuriatic acid

through water, in which red oxide of mercury was diffused.
1

i
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By evaporating the solution, crystals of oxymuriate and hy-
peroxymuriate of mercury were deposited. The latter were
picked out and purified by a subsequent crystallization. This
salt is soluble in about four parts of water.

Sp. 8. Muriate of Mercury. Of this salt there are two
species, both long known, namely the oxymuriate and mu-
riate : Both are of great importance.

1. Oxymuriate. This salt is usually called corrosive su-
blimate, or corrosive muriate of mercury. It was known to
the alchymists. A vast number of methods of preparing it
have been made public. The most common method is to
mix together equal weights of dry oxynitrate of mercury,
decrepitated common salt, and calcined sulphate of iron.
One-third of a matrass or phial is filled with this mixture.
The vessel is placed in a sand-bath, and gradually heated to
redness. A cake of oxymuriate of mercury sublimes into the
upper part of the vessel. It may be formed directly by dis-
solving red oxide of mercury in muriatic acid.

It has usually the form of a white semi-transparent cake
composed of small prisms. Its specific gravity is 5°1308.
Its taste 1s excessively acrid and caustic, and it leaves for a
long time a very disagreeable styptic metallic impression on
the tongue. It is one of the most virulent poisons known.
1t is soluble in about 20 parts cold and S parts boiling wa-
ter. Alcohol dissolves nearly half its weight of it. It is not
altered by exposure to the air. When heated it sublimes
very readily, and the fumes are very dangerous when inhaled.
It is soluble in sulphuric, nitric and muriatic acids, decom-
posed by the alkalies, and precipitated of a brick red colour.
The alkaline earths likewise decompose it, and ammonia
forms with it a triple compound. It is composed of about
- 19 parts of acid and 81 of peroxide of mercury.

©. Muriate. 'This salt is distinguished by the names of
calomel and mercurius dulcis. It is prepared by triturating

R 4
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four parts of oxymuriate of mercury, and three parts of mer-
eury in a mortar, and then subliming the mixture in a ma-
trass. It is a dull white mass, which becomes yellowish
when reduced to powder. When slowly sublimed, it crys-
tallizes in four-sided prisms, terminated by pyramids. Its
specific gravity is 7+1758. It i§ insoluble in water. It is
tasteless. 'When rubbed n the dark it phosphoresces. It
requires a higher temperature to subllme it than oxymuriate
of mercury. Oxymuriatic acid and nitric acid convert it in~
to oxymuriate. It is composed of about 11 acid and 89 pro-
toxide of mercury.

Sp. 4. Sulphated Mercury. Of this salt, likewise, there
are two species, the sulphate and oxysulphate.

1. Sulphate. 'This salt may be obtained by boiling over
mercury, sulphuric acid diluted with its own bulk of water.
Very little sulphurous acid gas is disengaged. By evapora-
tion the salt is obtained in small prismatic crystals. It dis-
solves in 500 parts of cold water, and is not altered by expo-
sure to the air. The alkalies throw down a dark-coloured
sub-sulphate of mercury, when poured into a solution of this
salt. The sulphate of mercury is composed of 12 acid, 83
protoxide and 5 water.

2. Ouxysulphate. 'When three parts of sulphuric acid are
boiled on two parts of mercury, the whole, by continuing the
heat, is converted ito oxysulphate. This salt erystallizes in
small prisms. When neutral, its colour is a dirty white; but,
when in the state of super-oxysulphate, it is of a fine white.
The neutral salt is not altered in the air, the super-oxysul-
phate deliquesces. It is composed of 31'8 acid, 638 per-
oxide, 4'4 water. When water is poured upon this salt, it
is decomposed and converted into super-oxysulphate which
dissolves, and sub-oxysulphate, which remains in the state of
a beautiful yellow powder. This sub-salt is used as a pig-

4
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It crystallizes in four-sided prisms, terminated by four-sided
pyramids, Its taste is acrid and metallic. It is white, and
soluble i water.

Sp. 17. Arseniate of Mercury. A yellow insoluble pow-
der.

Sp. 18. Molybdate of Mercury. A white flaky powder.

Sp. 19. Chromate of Mercury. An insoluble powder, of
a fine purple colour.

Ge~xvus V. Salls of Palladium.

The salts of this metal are almost all soluble in water, and
the solution has a fine red colour. Prussiate of potash oc-
casions a dirty yellowish brown precipitate, hydrosulphuret
of potash, and the alkalies an orange-yellow precipitate when
poured into solutions of these salts. Neither mtrate of pot-
ash nor sal ammoniac occasions any precipitate in them.
Nitric, muriatic and sulphuric acid digested on palladium ac-
quire a red colour. But the true solvent of that metal is ni-
tro-muriatic acid. 'The salts of palladium are not yet suffi-
ciently known to admit of a particular description.

Genvus VL. Salls of Rhodium.

The solutions of these salts are red. Prussiate of potash,
hydrosulphuret of potash, sal ammoniac, and alkaline carbo-
nates occasion no precipitate in them. But the pure alkalies
throw down a yellow powder, soluble in an excess of alkali.

Genvus VII.  Salts of Iridium.

These salts are soluble in water. The solution is at first
green, but becomes red when coneentrated in an open vessel.
Neither prussiate of potash nor infusion of nutgalls occasion
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any precipitate, but they render the solutions of iridium co-
lourless.

Genvus VIIL.  Salts of Osmium.

This genus of salts is still entirely unknown.

Gexus IX.  Salts of Copper.

Most of these salts are soluble in water. The solution 1s
blue or green, or at least it acquires these colours when ex-
posed to the air. When ammonia is poured into these solu-
tions, they assume a deep blue colour. Prussiate of potash
occasions a greenish yellow precipitate, hydrosulphuret or
potash a black precipitate, and gallic acid a brown precipi-
tate in these solutions. A plate of iron or zinc put into these
solutions precipitates the copper in the metallic state.

Sp. 1. Nitrate of Copper. Nitric acid attacks copper
with some violence, nitrous gas is emitted, and the metal dis-
solved. By evaporation the salt crystallizes in parallelopi-
peds. It has a blue colour, its taste is acrid and metallic,
and it is exceedingly caustic. It is very soluble in water, and
speedily deliquesces in the air. When heated it undergoes
the watery fusion ; and, if the heat be increased, the acid is
driven off and the black oxide of copper remains in a state of
purity. It detonates feebly on burning coals. It detonates
when mixed with phosphorus and struck upon an anvil.
When moistened and wrapt up in tin-foil, it sets the tin on
fire. Itis composed of 16 acid, 67 oxide and 17 water.

Sp. 2, Hyper-oxymuriate of Copper. This salt may be
formed by passing a current of oxymuriatic acid through
water, containing oxide of copper diffused through it.

Sp. 8. Muriated Copper. Of this salt there are two spe-
cles, the muriate and oxymuriate.
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‘1. Oxymuriate. This salt may be obtained by dissolving
copper in nitro-muriatic acid, and evaporating the solution.
Its crystals are rectangular parallelopipeds of a grass-ereen
colour. It is very acrid and caustic. Tt is very soluble in
water, and soon deliquesces in the air. In a moderate heat
it melts. If the heat be increased, oxymuriatic acid is disen-
gaged, and muriate of copper remains. This salt is compo-
sed of 24 acid, 40 peroxide, 36 water.

2. Muriate. This salt was discovered by Proust. It
may be formed by putting copper filmgs into liquid oxymu-
riate of copper n a well-stopped phial, or by mixing equal
weights of black oxide of copper and copper in powder, and
dissolving them in muriatic acid in a well-stopped phial. It
crystallizes in octahedrons. Its solution in water is colour-
ess; when diluted, a white powder precipitates, which is a
submuriate of copper. When exposed to the air, it is very
speedily converted into oxymuriate. It is composed of 24:75
acid, 70°25 protoxide, 5 water,

Sp. 4. Sulphate of Copper. This salt has been long known,
and in commerce is distinguished by the names of blue vitriol
or blue copperas. It crystallizes in oblique parallelopipeds,
has a blue colour, a styptic metallic taste, and is employed as
a caustic. It is soluble in about four parts of cold water.
When exposed to the air, it effloresces very slightly. By
heat it 1s decomposed, and black oxide of copper remains.
It reddens vegetable blues, and is, in fact, a supersu]phate.
The real sulphate crystaliizes i four-sided prisms, termi-
nated by pyramids. This salt is composed of 33 acid, 352
oxide, and 35 water.

Sulphuric acid does not seem capable of combining with
protoxide of copper.

Sp. 5. Sulphite of Copper. When sulphite of soda and

sulphite of copper are mixed, whitish green crystals of sul-
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potash is poured mto sulphate of copper. It is insoluble
in water, unless it contains an excess of acid. It has been
found native in Cornwall, in crystals, and has been analyzed
by Chenevix. There are five varieties of it, differing in the
proportion of acid and oxide, in the figure of their crystals
and i colour. :

The oxide of copper likewise combines with white oxide
of arsenic, and forms a green powder, usually known by the
name of Scheele’s green.

Genus X. Salts of Iron.

Most of the salts of iron are soluble in water ; the solu-
tion has a green, or yellowish, or reddish colour, according
to the state of oxydizement of the iron. Prussiate of po-
tash throws down from these solutions a blue powder, or at
least it becomes blue when exposed to the air. Hydrosul-
phuret of potash occasions a black precipitate. Gallic acid
and the infusion of nut galls, throws down a black or purple
precipitate.

Sp. 1. Nitrate of Iron. Diluted nitric acid aets with
great energy upon iron, a gas being extricated, which is a
mixture of nitrous gas and nitrous oxide. There are two
varieties of this salt.

1. Nitrate. This salt may be formed by dissolving iron
i nitric acid of the specific gravity 1-16. The action is
slow and little gas is extricated. The iron is in the state of
black oxide. The solution cannot be heated or concentrat-
ed without converting the iron into red oxide.

2. Ouxynitrate. This salt may be formed by concentrat-
ing the preceding. The lignid assumes a red colour, and
the red oxide of iron at last precipitates. The salt may be
obtained in crystals, by keeping nitric acid in contact with,
black oxide of iren. The oxide gradually dissolves and four-
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sided prisms, nearly colourless are gradually formed. They
deliquesce in the air.

Sp. 2. Hyperoxymuriate of iron. This salt may be form-
ed by passing a current of oxymuriatic acid through water,
having red oxide of iron mixed with it.

Sp. 3. Muriated Iron. Of this salt there are two spe-
cies, the muriate and oxymuriate.

1. Muriate. 'This salt may be formed by dissolving iron
filings in muriatic acid, without the contact of the exterhal
air. The solution 1s green, and yields green coloured crys-
tals very soluble in water. The solution absorbs nitrons gas
in great abundance. When exposed to the air it abserbs
oxygen, and the salt is converted into oxymuriate.

2, Oxymuriate. This salt may be formed by exposing
the preceding to the atmosphere, or by dissolving red oxide
of iron in muriatic acid. The solution has a dark brown
colour; the salt does not crystallize, but when evaporated to
dryness leaves a yellow coloured mass which deliquesces,
and is soluble in alcohol. When heated, oxymuriatie acid
is given out, and Black oxide of iron remains still combined
with muriatic acid.

Sp. 4. Sulphated Iron. Of this salt, likewise, there are
two species, the sulphate and oxysulphate.

1. Sulphate. 'This salt was known to the ancients, and
1s used in considerable quantity in dyeing, and in the manu-
facture of ink. Itis easily obtained by dissolving iron in
diluted sulphuric acid and evaporating the solution. It has
-a green colour, sometimes very light, sometimes very dark.
In this last state it is preferred by artists. Upon what the
difference depends is not accurately known. It crystallizes
in rhomboidal prisms. It has a very styptic taste, and al-
ways reddens vegetable blues. It is soluble in two parts of
cold, and in less than its weight of boiling water. It is in-
soluble in alcohol, When an alkali is poured into a solus
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tion of this salt, a white powder precipitates which is a sub-
sulphate of iron. When heated it melts and loses its water
of crystallization. In a red heat it loses most of its acid,
and 1s converted into a red powder, known by the name of .
colcother of witriol, and used in polishing metallic bodies.

This salt is composed of 26-7 acid, 283 base, 45 water.

2. Ouxysulphate. This salt may be formed by exposing
the solution of the preceding to the open air. It has a yel-
lowish red colour, does not crystallize and when evaporated
to dryness soon attracts moisture and becomes again li-
quid.

Sp. 5. Sulphite of Iron. Iron dissolves in sulphurous
acid without the emission of much gas. The solution yields
crystals of sulphite, which are soon changed into sulphate by
exposure to the air.

Sp. 6. Phosphated Iron. Of this salt there are two spe-
cies, the phosphate and oxyphosphate. |

1. Phosphate. 'This salt may be obtained by mixing so-
Iutions of phosphate of soda and sulphate of iron. It pre-
cipitates in the state of a blue powder. ﬁ 1s tasteless, inso-
luble in water, but soluble in nitric acid. It is found native,
crystallized in blue coloured prisms. 4

2. Oaxyphosphate. 'T'his is a white powder insoluble in
water, but soluble in acids, and precipitated by ammonia.
When violently heated it melis into an ash-coloured globule.
When treated with a fixed alkali it loses a portion of its acid
and is converted into a brown coloured powder. In this
state it is a suboxyphosphate of iron. It is insoluble in wa-
ter, and nearly so in acids. But it dissolves in the serum of
blood, and is supposed by some to give the red colour to
blood. i
Sp. 7. Carbonate of Iron. This salt may be obtained
by precipitating sulphate of iron by an alkaline carbonate.
It has been found native, crystallized in rhombs, somewhat
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Iittle affimty for it. Acetate of lead throws it ‘down. from
water, but the superacetate has no effect upon it. Accord-
ing to Dr Bostock, it is precipitated also by oxymuriate of
tin; but in my trials, I obtained no precipitate with that salt
in a decoction containing one-ninetieth of its weight of starch.
No other metallic salt tried produced a precipitate in-this
decoction. .

Neither lime nor strontian water precipitate the decoction
of starch; but barytes water throws down a copious white
flaky precipitate. It is dissolved by muriatic acid, but ap-
pears again on standing, uniess a considerable excess of acid
be added. Neither muriate of barytes nor silicated potash
occasion any precipitate in the decoction of starch.

When starch is triturated in a_hot infusion of nutgalls, a
complete solution is effected.. This solution is transparent, and
rather lighter coloured than the infusion of nutgalls employed.
When this solution cools 1t becomes .opake, and a copious
curdy precipitate falls. A heat of 120° re-dissolves this pre-
cipitate and renders the solution transparent, but it is depo-
sited again as the liquid cools. This property is characteris-
tic of starch. The infusion of nutgalls throws it down from
every solution, but the precipitate is re-dissolved by heating
the liquid to 120°. The precipitate is a compound of tannin
and starch, and is least soluble when composed of about
three parts starch and two parts tannin. It has a brownish
yellow colour, is semi-transparent, has an astringent taste,
and,feels glutionous between the teeth like gum.

When potash is triturated with starch and a little water
added, the whole assumes, on standing, the appearance of a
~ semi-transparent jelly. On adding water, an opal coloured
solution is obtained, from which the starch is readily thrown
down by an acid. When muriatic acid is employed, a pecu-
liar aromatic odour is perceived. The decoction of starch
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is neither altered by potash, carbonate of potash nor ammo-
BT : 1 -

When starch 1s thrown into any of the mineral acids, at
first no apparent change is visible ; but, if an attempt is made,
to reduce the larger pieces, while in acids, to powder, they
resist it and feel exceedingly tough and adhesive. Sulphuric
acid dissolves it slowly, and at the same time a smell of sul-
phuric acid is emitted, and such a quantity of charcoal evol-
ved, that the vessel may be inverted without spilling any of
the mixture. Diluted sulphuric acid dissolves starch when
assisted by heat, and the starch may be again precipitated by
means of alcohol.

Diluted nitric acid slowly dlssolves starch, the acid ac-
quires a green colour, and a small portion of white matter
swims on the surface, on which the acid does not act. Al-
cohol throws down the starch from this solution. Concen-
trated nitric acid dissolves starch pretty rapidly, assuming a
green colour, and emitting nitrous gas. 'The solution is ne-
ver complete, nor do any crystals of oxalic acid appear un-
less heat be applied. In this respect starch differs from su-
aar, which yields oxalic acid even at the termperature of the
atmosphere. VWhen heat 1s applied to the solution of starch
in nitric acid, both oxalic and malic acids are formed, hut
the undissolved substance still remains. When separated by
filtration and afterwards edulcorated, this substance has the
appearance of a thick oil not unlike tallow ; but it dissolves
readily in alcohol.  When distilled, 1t yields acetic acid and
an oil having the smell and consistence of tallow.

Strong muriatic acid dissolves starch slowly and without
effervescence. When the starch does not exceed one-twen-
tieth of the acid, the solution is colourless and transparent ;
but if we centinue to add starch, a brown colour appears,
and the acid loses a portion of its fluidity. Its peculiar
smell 1s destroyed and replaced by the odour which may be

& :
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perceived in corn mills. Acetic acid does not dissolve starch.
The action of the other acids has not been tried.

Alcohol separates starch in part from its decoction. A
solution of potash in alcohol occasions a copious white pre-
cipitate, which is re-dissolved on addmg a sufficient quantity
of water. A solution of sulphuret of potash in alcohol oc-
casions a flaky precipitate in the decoction of starch. This
precipitate has sometimes an orange colour.

When starch is thrown upon a hot iron it melts, blackens,
frothes, swells and burns with a bright flame like sugar, emit-
ting, at the same time, a great deal of smoke; but it does
not explode, nor has it the caromel smell which distinguishes
burning sugar. When distilled it yields water impregnated
with an acid supposed to be the pyromucous, a little empy-
reumatic oil, and a great deal of carbonie acid and heavy in-
flammable air. The charcoal which it leaves burns easily
when kindled in the open air, and leaves very little ashes.

Starch 1s contained in a great variety of vegetable sub-
stances ; most commonly in their seeds or bulbous roots, but
sometimes also in other parts. ~ All the different species of
corn contamn a great proportion of it. There are obviously
different varieties of starch possessing distinct properties.
But hitherto these varieties have not been examined with
such attention as to enable us to give a detailed description
of each. '

CHAP. XI.
OF INDIGO.
This valuable pigment, one of the capital manufactures of

America, is obtained from the leaves of different species of
plants : the indigofera argentea or wild indigo, the indigofe-
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bags, after which it is put into little square boxes, and al=
lowed to dry in the shade.

Chevreul has shown that the indigo exists in the plant
chiefly in the state of a white matter, which becomes blue
when it combines with oxygen. Indigo may be obtained
also from other plants, the nerinm tinctorium for example,
and the isatis tinctoria, or woad, a plant common enough in
Britain. But the quantity obtained from this plant does
not exceed one-tenth of what may be procured from the in-
digofera. -

Indigo is a fine light friable substance of a deep blue co-
lour. Its texture is very compact, and the shade of its sur-
face varies according to the manner in which it has been pre-
pared. The principal tints are copper, violet and blue. The
lightest indigo is the best ; but it is always mixed with fo-
reign substances ; scarcely one half even of the best indigo
of commerce consisting of the pure pigment, The follow-
ing substances were extracted by Chevreul from 100 parts of
Guatimala indigo.

~ Ammonia, a trace :
Disoxygenized indigo , . . . 12
Greenmatter . . . . . 30
Bitter matter, a trace
Foed mamtter (608 g0 Qu IR
Carbonateof lime . . . . . .
Oxide of iron and alomma . . .
Bilica a0, Bl RGLERE SO
Poremdigo -0 o SN RIS RS

L T T = = =

- 100

Pure indigo has neither taste nor smell. It isinsoluble in
water in its usual state, but disoxygenized indigo is soluble
in that liquid, as are likewise some of the foreign bodies
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effect or different reagents on this solution with great pre-
cision. His experiments threw light, not only on the pro-
perties of indigo, but upon the phenomena that take place
when it is used as a dye-stuff.

From his experiments, it 1s obvious that all those substan-
ces which have a very strong affinity for oxygen give a green
colour to indigo, and at last destroyit. Henceitis extreme-
ly probable, that mdigo becomes green by giving out oxy-
gen. Of course it owes its blue colour to that principle.
This theory was first suggested by Mr Haussman, and still
farther confirmed by Berthollet. Now it is only when green
that it is in a state capable of being held in solution by lime,
alkalies, &c. m which state it is applied as a dye to cloth,
The cloth, when dipt into the vat containing it thus dissolv-
ed, combines with it, and the blue colour is restored by ex-
posure to the atmosphere. It may be restored equally by
plunging the cloth into oxymuriatic acid. Hence the resto-
ration cannot but be ascribed to oxygen. Hence then the
reason that sulphurous acid, the vegetable acids, sulphate of
iron, give sulphate of indigo a green colour. |

From these experiments, we see also that the colour of
indigo is destroyed by the addition of those substances which
part with oxygen very readily, as the black oxide of manga-
nese. In that case the indigo 1s destroyed, for its colour
cannot be again restored. When the sulphate of indigo is
poured into boiling water, it affords a green-coloured solu-
tion ; but with cold water a deep blue solution. What is
called smoking sulphuric acid dissolves indigo much more
readily than the pure acid, and evolves much more heat dur-
ing the solution. Bucholz has shown, that by boiling sul-
phur in pure sulphuric acid, it acquires the property of dis- .
solving indigo as readily as the smoking acid.

Nitric acid attacks indigo with great violence; the evolu-

4
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Muriatic acid does not act upon indigo in its common
mon. state, but it readily dissolves indigo precipitated from
the sulphate, and forms a blue coloured solution. The same
phenomena are exhibited by the phosphoric, acetic, tartaric
acids, and probably by all except the acid supporters.

Oxymuriatic acid destroys the colour of indigo as readily
as uitric acid, and obviously for the same reason.

Alcohol dissolves a small portion of indigo, but it gradu-
ally precipitates again unless red matter be present, in which
case the solution 1s permanent.

Indigo is not acted upon by ether or oils, at least if the
experiments of Bergman be accurate.

When indigo is mixed with bran, woad, and other similar
substances which readily undergo fermentation, it assumes a
green colour during the fermentation, and is then easily dis-
solved by lime or potash. It is by this process that it is
usually rendered proper for dyeing.

CHAPTER XIL

OF GLUTEN.

Ir wheat-flour be kneaded into paste with a little water,
it forms a tenacious elastic, soft, ductile mass. Thisis to be
washed cautiously, by kneading 1t under a small jet of water
till the water no longer carries off any thing, but runs off co-
lourless ; what remains behind is ealled gluten. It was dis-
covered- by Beccaria, an Italian philosopher, to whom we
are indebted for the first analysis of wheat-flour.

Gluten, when thus obtained, is of a grey colour, exceed-
mgly tenacious, ductile, and elastic, and may be extended to
twenty times its original length. When very thin, it is of a
whitish colour, and has a good deal of resemblance to animal
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that state it is full of holes, and contains the very same juices
which distinguish some kinds of cheesé. Proust ascertained
that it contains ammonia and vinegar ; bodies which Vau-
" quelin detected in cheese; and ammonia robs both equally of
their smell and flavour.

Fresh gluten does not sensibly dissolve in alcohol, which
even throws down fresh gluten from water; yet in certain
cases this liquid forms a solution of gluten in very small pro-
portion. - '

When the fermented gluten of Cadet is triturated with a
little alcohol into a mucilage, and then mixed with a suffi-
cient quantity of that liquid, a portion of it is dissolved. This
solution constitutes an excellent varnish, possessed of consi-
derable elasticity. It may be spread over paper or wood ;
and when dry resists other bodies, as well as most varnishes.
In this state, too, it may be employed to cement china; and
triturated with paints, especially vegetable colours, it forms a
very good ground.  When this solution is mixed with a suf-
ficient quantity of lime, it forms a very good lute ; and bits
of linen dipt in it adhere very strongly to other bodies.

Ether does does not sensibly dissolve gluten.

Acids act upon gluten differently according to the peculiar
properties of each.

Concentrated acetic acid dissolves it readily in considerable
quantity, and without altering its nature. The solution is
muddy, but permanent; and the gluten may be thrown down
by means of alkalies. This acid dissolves the fermented glu-
ten of Cadet; and the solution may be substituted for the so-
lution in alcohol as a varmish ; but it does not answer to mix
it with colours.

- Concentrated sulphuric acid renders it violet coloured,
and at last black; inflammable air escapes, and charcoal,
water, and a portion of ammonia, are formed. When nitric
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- CHAP. XIIL

OF ALBUMEN.

Albumen is the term by which chemists have agreed to
denote the white of egg, and all glary tasteless substances
which, like it, have the property of coagulating into a white,
opaque, tough, solid substance, when heated a little under
the boiling peint. This substance forms a constituent of
many of the fluids of animal bodies; and when coagulated,
it 'cnnstit_utes also an important part of their solids. Sub-
stances analogous to it had been noticed by chemists in the
vegetable kingdom. Scheele affirmed, as early as 1780, that
the greater number of plants contained a substance analogous
to curd. Fourcroy, about the year 1790, announced the ex-
istence of albumen in a varlety of plants; but Proust ha$
since shown, that the substance which he took for albumen,
and which bad been already examined by Rouelle, was
not possessed of the properties which characterise that ani-
“mal matter. But Vauquelin has lately discovered albumen
m abundance in the juice of the papaw tree; so that its ex-
istence as a vegetable principle cannot be disputed.

The papaw tree, the carica papaya of botanists, grows in
Pern, &c. and in the Isle of France, where the milky juice
that exudes from it is vaid to be employed with efficacy
against the Guinea worm. Two specimens of this juice were
bronght from that island to Paris by Charpentier de Cossi-
any, In the one, the juice had been evaporated to dryness,
and was m the state of an extract; in the other, the juice
was preserved by being mixed with an equal bulk of rum.
Both were subjected to a chemical analysis by Vauquelin.
The first was of a yellowish white colour, and semitranspa-
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rent. Its taste was sweetish. It had no smell, and was
pretty solid; but attracted moisture when kept in a damp
place. The second was reddish brown, and had the smell
and taste of boiled beef. When the first specimen was ma-
cerated in cold water, the greatest part of it dissolved. The
solution frothed with soap. The addition of nitric acid co-
~agulated it, and rendered it white; and when boiled, it threw
down abundance of white flakes. These flakes were coagu-
lated albumen. '

Other specimens of this juice, both'in the liquid and dried
state, have been examined more recently by Vauquelin, and
likewise by Cadet.

The essential characters of albumen are the following :

In its natural state it is soluble in water, and forms a gla-
ry limpid liquid, having very little taste ; which may be em-
ployed as a paste, and which forms a very shining varnish.

The solution is coagulated by acids, pretty much in the
same way as milk is coagulated by the same re-agents.

When not too much diluted, it is coagulated also when
heated to tlie temperature of 176°.

Albumen dissolved in water is precipitated in the state of
brown flakes by the infusion of tan.

The solution 1s equally coagulated when mixed with alco-
hol. .

Albumen is precipitated from water in the state of white
powder by the salts of most of the white metals; such as sil-
ver, mercury, lead, tin, &c.

The juice of the papaw possessed all these properties. Tt
therefore contained albumen. In few other vegetable pro-
ductions has this substance been yet found in such abundance,
or in a state in which its properties were so decidedly cha-
racteristic; but the resemblance between the curd of milk
and albumen is very close, as we shall see afterwards. Now
Proust has ascertained that almonds, and other similar ker-
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dryness n a low heat, it leaves a brownish-yellow sub-
stance, which retains a certain degree of transparency. It
continues ductile for some time, but at last becomes brittle-
"This substance I shall consider as the bitter principle in a
state of purity. If it contain any foreign body, it must be
in a very minute proportion This substance I find to pos-
sess the following properties :

1. Its taste 1s intensely bitter. Colour brownish yellow.

2. When heated, it softens, and swells, and blackens ; then -
burns away without flaming much, and leaves a small quan-
tity of ashes.

5. Very soluble in water and alcohol.

4, Does not alter the colour of fusion of litmus.

5. Lime-water, barytes-water, and strontian-water, occa-
sion no precipitate.  Neither 15 any precipitate thrown
down by silicated potash, aluminated pntnsh or sulphate
of magnesia.

6. The alkalies occasion no change in the diluted snIu-
tion of the bitter principle.

7. Oxalate of ammonia occasions no precipitate.

8. Nitrate of silver renders the solution muddy, and a
very soft flaky yellow precipitate falls slowly to the bottom.

9. Neither corrosive sublimate nor nitrate of mercury oc-
casion any precipitate.

10. Nitrate of copper, and the ammomal solution of
copper, produce no change; but muriate of copper gi'i"ﬂ.'l
the white precipitate, which falls when this llquld sult is
dropt into water. e 4 ,

11. Sulphate and oxymuriate of iron occasion no clumge.

12, Muriate of tin renders the solution muddy, but oc-
casions no precipitate, unless the solution be concentrated ;
in that case a copious precipitate falls.

13. Acetate of lead occasions a very copious white pre-
eipitate ; but the nitrate of lead produces no change.
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The substance thus obtained possessed the Fullﬂwiug pro-
perties :

1. Semitransparent like horn, and of a yellow colour.

2. When exposed to the air 1t does not attract moisture.

3. Soluble m water and in alcohol. The solution in wa-
ter is semitransparent, and has a pleasant bitter taste. When
the alkaline solutions are dropt into it, the colour becomes
garnet red. ' HT s

4. It 1s not precipitated from water by the alkaline car-
bonates. Sulphuric acid renders the solution brown, but
produces no further change. Neither muriatic acid, nor
phosphoric acid, nor the vegetable acids, produce any change
on this solution.

5. The muriates of gold, platinum, and copper, occasion
no change.

G. With solutions of iron it forms a fine green coloured
liquid ; and when concentrated, iron throws down a green-
coloured precipitate. Indeed it is almost as delicate a test
of iron as tan and gallic acid.

7. Muriate of tin throws down a copious yellow preci-
pitate. 'This precipitate, and that by iron, are soluble in all
acids, but they lose their colour.

8. Neither lime nor strontian water occasion any preci-
pitate in the aqueous solutions of this substance ; but barytes
water occasions a brown precipitate.

9. Gelatine oceasions no precipitate,

I11. The Third species may be distinguished by the name
of artificial bitter principle, as it has been formed by the
action of nitric acid on various vegetable and animal sub-
stances. It was first obtained by Haussman while examin-
ing indigo, but he mistook its nature. Welther afterwards
formed . it by digesting silk in nitric acid, ascertained its
properties, and gave it the name of yellow bitter principle ;
he is therefore to be considered as the real discoverer, Bar-
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tholdi afterwards procured it by treating the wihite willow
with nitric acid, Mr Hatchett lately obtained it during his ex
periments on artificial tannin, by treating indigo with nitric
acid; and about the same time Fourcroy and Vauquelin
procured it by the same means, and examined its properties
in detail. This substance possesses the followig properties :

Its colour is a deep yellow, its taste intensely bitter. It
is soluble both in water and alcohol, and has the property
of dyemg silk, woollen cloth, and cotton, of a durable yel-
low colour. It crystallizes in elongated plates, and pos-
sesses many of the characters of an acid, combining readily
with alkaline substances, and forming crystallizable salts.
When potash 1s dropt into a concentrated solution of it,
small yellow prismatic crystals are gradually deposited, con-
sisting of bitter principle combined with potash. These
crystals were examined by Welther, but it was Fourcroy
and Vauquelin that ascertained their composition. They
have a bitter taste, are not altered by exposure to the air,
are less soluble than pure bitter principle.  When thrown
upon hot charcoal they burn like gunpowder, and detonate
very loudly when struck upon an aavil, emitting a purple
light. Ammonia dropt into the solution of bitter principle
deepens its colour, and occasions a copious deposition of
fine yellow spicular crystals. These are a combmation of
bitter principle and ammonia.

IV. Artificial tannin itself may be considered as ap-
proaching the bitter principle in many of its properties.
Its taste is always intensely bitter, and the colour of the
precipitates which it throws down from the metals, 1s siini-
lar to what takes place when artificial bitter principle is pre-
sent. It 1s indeed possible, that the bitter taste may be
owing not to the tannin, but to a portion of artificial bitter
principle which may be always formed along with the

Co
wd
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tannin; but this has not been ascertained. It is well known

that the bitter taste very easily overpowers and conceals all
other tastes.

CHAP. XVI.

OF TANNIN.

Notwithstanding the numerous experiments made upon
the infusion of nutgalls, we are not in possession of a pro-
cess capable of furnishing tammin in a state of purity. Hence
the obscurity which still hangs over its characters. The
properties of this substance, as far as known, and the dif-
ferent methods of procuring 1t hitherto proposed by che-
mists, have been detailed in a preceding part of this work.

Like most other vegetable substances, it seems to be sus-
ceptible of different modifications. The following are the
different species of tannin which have been hitherto noticed.

{. Tamin from nutgalls. This is the common species
described m this work under the name of tanmin. It pre-
cipitates iron black, and forms a firm msoluble brown pre-
cipitate with glue. The bark of oak, and most ether astrin-
gent trees in this country, are supposed at present to con-
tain this species of tannin,

2. The tannin which constitutes so large a proportion of
catechu forms the second species. Its peculiar nature was
first observed by Proust. It was afterwards more particu-
larly examined by Mr Davy. It forms with iron an olive
coloured precipitate. 4

3. The tannin of kino constitutes a third species. This
substance is obtained from different vegetables. It was ori-
ginally imported, as is supposed, from Africa; but at pre-
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been confined by many to a substance which exists in many
plants, and which may be obtained nearly in a state of pu-
rity, according to Hermbstadt, by infusing saffron in water
for some time, filtrating the infusion, and evaporating it to
dryness. DBut as the word exéract occurs even in modern
authors in its original sense, I shall rather denote this
substance by the phrase extractive principle, to prevent
ambiguity. ‘ ' |

The difficulty of obtaining the extractive principle in a
separate state, and the facility with which it alters its na-
ture, have hitherto prevented chemists from examining it
with that attention to which it is entitled. It was first par-
ticularly attended to by Rouelle; but it 1s to Fourcroy and
Vauquelin that we are chiefly indebted for ascertaining its
characters. 'The dissertation of Vauquelin in the Journal
de Pharmacie, is by far the best account of extractive
matter which has hitherto appeared. Many valuable faets
and curlous observations were published by Hermbstadt also
in his dissertation on exéract. But unfortunately the term
has not been always taken by chemists in the same accepta-
tion. Parmentier has lately published a dissertation on the
extracts of vegetables taken in the loose and general sense
of the word, which contains much information.

The extractive principle possesses the following pro-
perties :

Soluble in water, and the solution is always coloured.
When the water is slowly evaporated, the extractive matter
15 obtained in a solid state and transparent; but when the
evaporation is rapid the matter is opaque.

The taste of extractive is always strong; but it is very
different according to the plant from which it is obtained.

Soluble in alcohol, but insoluble in ether.

By repeated solutions and evaporations, the extractive
matter acquires a deeper colour, and becomes insoluble in



CHAP. XVII. EXTRACTIVE PRINCIPLE. 545

water. This change is considered as the consequence of
the absorption of the oxygen of the atmosphere, for which
the extractive principle has a strong affimty. But if the so-
lution be left to itself, exposed to the atmosphere, the ex-
tract is totally destroyed in consequence of a kind of putre-
faction which speedily commences.

When oxymuriatic acid is poured into a solution contamn-
g extractive, a very coplous dark yellow precipitate is
thrown down, and the liquid retains but a light lemon co-
lour. These flakes are the oxygenized exiractive. It is
now insoluble in water; but hot alcohol still dissolves it.

The extractive principle unites with alumina, and forms
with it an insoluble compound. Accordingly, if sulphate
or muriate of alumina be muxed with a solution of ex-
tractive, a flaky insoluble precipitate appears, at Jeast when
the liquid is boiled ; but if an excess of acid be present, the
precipitate does not always appear.

It is precipitated from water by concentrated sulphuric
acid, muriatic acid, and probably by several other acids.
When the experiment is made with sulphuric acid, the
fumes of vinegar generally become sensible.

Alkalies readily unite with extractive, and form com-
pounds which are insoluble in water.

The greater number of metallic oxides form insoluble
compounds with extractive. Hence many of them, when
thrown info its solution, are capable of separating it from
water. Hence also the metallic salts mostly precipitate ex-
tractive. Muriate of tin possesses this property in an emi-
nent degree. It throws down a brown powder perfectly m-
soluble, composed of the oxide of tin and vegetable matter.

If wool, cotton, or thread, be impregnated with alum,
and then plunged into a solution of extractive, they are
dyed of a fawn colour, and the liquid loses much of its ex-
tractive matter. This colour is permanent. The same ef-
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fect is produced if muriate of tin be employed nstead of
alum. This effect is still more complete if the cloth be
soaked in oxymuriatic acid, and then dipt into the infusion
of extractive. Hence we see that the extractive matter re-
quires no other mordant than oxygen to fix it on cloth,

When distilled, extractive yields an acid liquid impreg-
nated with ammomnia.

It cannot be doubted that there are many different species
of extractive matter ; though the difficulty of obtaining each
separately has prevented chemists from ascertaining its na-
ture with precision. Extracts are usually obtained by treat-
mg the vegetable substance from which they are to be pro-
cured with water, and then evaporating the watery solution
slowly to dryness. All extracts obtained by this method
have an acid taste, and redden the infusion of litmus. They
all yield a precipitate while lLiquid if they are mixed with
ammonia. This precipitate is a compound of lime and n-
soluble extractive. Lime always causes them to exhale the
odour of ammonia. It has bLeen ascertained that the ex-
tractive principle is more abundant in plants that have grown
to maturity than in young plants.

CHAP. XVIIIL

OF THE NARCOTIC PRINCIPLE.

It has been long known that the milky juices which exude
from certain plants, as the poppy, lettuce, &c. and the infu-
sions of others, as of the leaves of the digitalis purpurea, have
the property of exciting sleep, or, if taken in largé enough
dozes, of inducing a state resembling apoplexy, and terminat-
ing in death. ow far these plants owe these properties to
certain common principles which they possess is not known ;

e
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loured with resin. But it may be obtained tolerably pure
by repeated solntions and crystallizations.

Water 1s incapable of dissolving the whole of opium,
What remains behind still contams a considerable portion of
narcotic principle. When alcohol is digested on this resi-
duum, it acquires a deep red colour ; and depusites, on cool-
ing, crystals of narcotic principle, coloured by resin, which
may be purified by repeated crystallizations. The narcotic
principle obtained by either of these methods possesses the
following properties.

Its colour i1s white. It erystallizes in rectangular prisms
with rhomboidal bases. 1t has neither taste nar smell.

It is insoluble in cold water, soluble in about 400 parts of
boiling water, but precipitates again as the solution cools.
The solution in boiling water does not affect vegetable blues.

It 1s soluble in 24 parts of boiling aleohol and 100 parts
of cold alcohol. When water is mixed with the solution,
the mnarcotic’ prmmple precipitates in the state of a white
powder.

Hot ether dissolves it, but lets it fall on cooling.

When heated in a spoon it melts like wax. When distil-
led it froths and emits white vapowrs, which condense into a
vellow oil. Some water and carbonate of ammonia pass n-
to the receiver; and at last carbonic acid gas, ammonia, and
carbureted hydrogen gas, are disengaged. There remains a
bulky coal, which yields traces of potash. The o1l obtamned
by this process 1s viscid, and has a peculiar aromatic smell
and, acrid taste.

It 1s very soluble mn all acids. Alkalies throw it down
from these solutions in the state of a white powder.

Alkalies render 1t rather more soluble in water. When
they are saturated with acids, the narcotic principle falls
down in the state of a white powder, which is re-dissolved by
adding an excess of acid.
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species of fixed oil. The bicotyledonous seeds, besides oil,
contain also a mucilaginous substance ; and they have all the
character of forming, when bruised in wnter, a milky liquid,
known by the name of emulsion.

The following is a list of the plants which yield the fixed
oils which usually oceur in commerce.

Linum usitaticsimum et perenne . . Linseed oil
Corylus ave-llana} ot
Juglans regia

Papaver sommiferm . . . . . Poppy oil
Cannabis sativa . . . . . . . Hemp oil
Sesamum orientale . . . . . . Oil of Sesamum
Olea Europea . . . . . . . Oliveoil
Amygdalus communis . . . . . Almond oil
Guilandina Mohringa . . . . . Qil of behen
Cucurbita pepo et melopepo . . . Cucumber oil
. Fagussylvatica: . . ... ', . Beechoil

ek
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12. Smapls nigra etarvensis . . . . Oil of mustard
13. Heliaulhus annuus et perennis . . Ol of sunflower
14. Brassica mapus et campestris . . . Rape seed oil
15. Ricinus communis . . . . . . Castor ol

16. Nicotiana tabacum et rustica . . Tobacco seed oil
17. Prunus domestica . . . . . . Plumkemeloil
" 18 Witis:ainibera i i oae o P ey anes Grape seed oil .
19. Theobromacacao . . . . . . Butterof cacao
20. Lavrusmobilis . w . aws puew Eaveeleil

21. Arachis hypogea . . . . . . Ground nut oil

2. Volatile oils are found in every ‘part of plants except
the cotelvdons of the seeds, where they never occur. The
root, the stem, the leaves, the flower, the rind or pulp of the
fruit of a variety of plants, are loaded with volatile oils, from
which they are extracted by expression or by distllation.
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Plants. Parts. Oil of Colour,
28. Croton elutheria Bark |Cascarilla Yellow
29. Maranta galanga Roots |Galanga Yellow.
30. Hyssopus olficinalis  |Leaves |Hyssop Yellow
31. Juniperus communis [Seeds |Juniper |Green
32. Lavendula spica Flowers|Lavender Yellow
33. Laurus nobilis. Berries |Laurel Brownish
34. Prunus laurocerasus |Leaves |Lauroceras.§
35. Levisticum ligusticum |[Roots |Lovage Yéllow
36. Myristica moschata [Seeds  |Mace Yellow
37. Origanum majorana  |Leaves [Marjorum |Yellow
38. Pistacia lentiscus Resin  |[Mastich Yellow
39. Matricaria parthenium|Plant |Motherwort |Blue
40. Melissa officinalis Leaves [Balm White
41. Mentha crispa Leaves White
42, piperitis Leaves [Peppermint |[Yellow
43. Achillea millefolium  |Flowers [Millefoil Bg‘iz‘“*
44. Citrus aurantium etals |Neroli Orange
45, Origanum creticum lowers |Spanish hop |Brown
46. Apium petroselinum |oots |Parsley Yellow
47. Pinus sylvestris et abies :::;ggsin Turpentine |Colourless
48. Piper nigrum seeds  |Pepper Yellow
49. Rosmarinus officinalis |Plant [Rosemary - |Colourless
50. Mentha pulegium I'lowers [Pennyroyal |Yellow
51. Genista canariensis Root |Rhodium Yellow
52. Rosa centifolia Petals |Roses Colourless
53. Ruta graveolens L.eaves |Rue Yellow
54, Juniperus sabina Leaves [Savine Yellow
55, Salvia officinalis Leaves |Sage |Green
56. Santalum album Wood [Santalum § |Yellow
57. Laurus sassafras Root  [|Sassafras Yellow
58. Satureia hortensis Leaves [Satureia Yellow
Leaves
59. Thymus serpillum and [Thyme Yellow
flower :
GO. Valeriana officinalis |Root |Valerian JGI'EBH_
61. Kzmpferia rotunda  |Root  |Zedoary G':r: :lﬂ 4
62. Amomum Zinziber Root |Ginger Yellow
63. Andropogon schznan. i i
thum P

Several of the gum resins, as myrrk and galbanwm, yield
likewise an essential oil, and likewise the balsam of benzoin, &c.
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obtaied, it is said, from the rhus copallinum, a tree which is
a native of North America; but the best sort of copal is
said to come from Spanish America, and to be the produce
of different trees. No less than eight species are enumerated
by Hernandez.

Copal is a beautiful white resinous substance, with a slight
tint of brown. It is sometimes opaque, and sometimes al-
most perfectly transparent. When heated it melts like other
resins; but it differs from them in not being soluble in alco-
hol, nor in oil of turpentine without peculiar management.
Neither does it dissolve in the fixed oils with the same ease
as the other resins. It resembles gum animé a little in ap-
pearance ; but is easily distinguished by thie solubility of this
last in alcohol, and by its being brittle between the teeth,
whereas animé softens m the mounth. The specific gravity
of copal varies, accordiig to Brisson, from 1:045 to 1-139.
Mr Hatchett found it soluble in alkalies and nitric acid with
~ the usual phenomena; so that in this respect it agrees with
the other resins. - The solution of copal in alkalies he found
indeed opalescent, but it is nevertheless permanent. It de-
serves attenti®n, that he found rosin, when dissolved in nitric
acid, and then thrown down by an alkali, to acquire a smell
resembling that of copal.

When copal is dissolved in any volatile llql.ud and spread
thin upon wood, metal, paper, &e. so that the volatile men-
struum may evaporate, the copal remains perfectly transpa-
rent, and forms one of the most beautiful and perfect var-
nishes that can well be conceived. The varnish thus formed
1s called copal varnish, from the chief mgredient in it. This
varnish was first discovered m France, aud was long known
by the name of vernis martin. ‘The method of preparing it
13 concealed’; but different processes for dissolving copal in
volatile menstrua have been from time to time made public.
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mixed with water and distilled, there comes over with the wa-
ter a very large quantity of volatile oil. The residuum con-
sists of two substances ; namely, the watery portion, and a
ereyish yellow substance, lying at the bottom of the vessel,
which, on exposure to the air, dries, and becomes brittle
and transparent. When heated it melts, and possesses the
characters of a resin. When distilled it yielded a yellowish
thick oil, some acidulous thick water, and a gas; one-sixth
of which was carbonic acid, and the remaiuder seemed to
possess the characters of olefiant gas. From these facts,
which have been long known, it was concluded, that copaiva
is a compound of a resin and a volatile oil, which passes over
at a heat inferior to that of boiling water ; but the experi-
ments of Schonberg have rendered it much more probable,
that the balsam is decomposed when distilled along with wa-
ter, and that both the oil and resin are new products.

W hether this balsam yields benzoic acid has not been as-
certamed. Its properties are rather against the probability
of its doing so. Indeed it bears a striking resemblance to tur-
pentine in many respects ; and ought, along with it, to con-
stitute a class of bodies intermediate between volatile oils and
resins, to which the name of furpentines might be given.

Balsam of Tolu.—This substance 1s obtained from the
toluifera balsamum, a tree which grows in South America.
The balsam flows from cisions made in the bark. It comes
- to Europe in small gourd shells. It is of a reddish brown co-
Tour and considerable cansistence ; and when exposed to the
air, it becomes solid and brittle. Its smell is fragrant, and
continues so even after the balsam has become thick by age.
When distilled with water, 1t yields very little volatile oil, but
impregnates the water strongly with its taste and smell. A
quantity of benzoic acid sublimes, if the disillation be conti-
nued.
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1. Benzoin
2. Storax
3. Dragon’s blood.

1. Benzoin.—This substance is the produce of the styras
benzoe, a tree which grows in Sumatra, &c. Benzoin is ob-
tained from this tree by incision ; a tree yielding three orfour
pounds. It is a solid brittle substance, sometimes in the form
of yellowish white tears joined together by a brown substance,
and sometimes in the form of a brown substance not unlike
common rosin. It Has a very agreeable smell, which is in-
creased by heating the benzoin. It has little taste. Itsspe-
cific gravity 1s 1-002.

Cold water has very little effect on benzoin, but boﬂlug
water takes up a portion of benzoie acid. :

Aleohol dissolves it when assisted by a gentle heat, and
forms a deep yellow solution incliming to reddish browu.
When this solution is diluted with water, the benzom preci-
pitates in the form of a white powder.

Ether dissolves benzoin with facility, and the solution with
re-agents exhibits the same phenomena as the alcoholic.

Nitric acid acts with violence on benzoin, and converts it
into an orange-coloured mass. When assisted by heat, the
acid dissolves the benzoin; and as the solution cools, crystals
of benzoic acid gradually separate.

Sulphuric acid dissolves benzoin, while benzoic m::d su-
blimes ; the solution is at first a deep red. By continuing
the digestion, a portion of artificial tannin is formed, and the
charcoal evolved amounts to 0-48 of the benzoin dissolved.

Acetic acid dissolves benzoin without the assistance of heat.
When heat is applied, the solution, as it cools, becomes tur-
" bid ; owing to the separation of benzoic acid.
~ Benzom is dissolved by a boiling lixivium of the fixed al-

kalics ; a dark brown solution 1s formed, which becomes tur-
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instances is alliaceous. Their taste also is often acrid, and
always much stronger than that of the res.s.

They are partially soluble in water ; but the solution 1s
always opaque, and usually miky.

Aleohol dissolves only a portion of them. The solution
is transparent; but when diluted with water it becomes milky ;
vet no precipitate falls, nor is any thing obtained by filtering
the solution. :

Vinegar and wine likewise dissolve them partially ; and
the solution, like the aqueous, is opaque or milky. :

According to Hermbstadt, they are insoluble in sulphu-
ric ether.

The action of alkalies on them has been examined only
by Mr Hatchett. All of them tried by that celebrated che-
mist dissolved readily in alkaline solutions whet assisted by
heat. We may therefore consider them as soluble 1n alkalies
like resins.

Nitric acid acts upon them with energy; converting them
first into a brittle mass, and then, with the assistance of heat,

dissolving them.
Their specific gravity is usually greater than that of the

resins. :
Their other properties still continue unknown. They all
either exude spontaneously from plants, or are obtamed by
incisions. At first they seem to be in a liquid state; but
they gradually harden when exposed to the air and weather.
‘The gum resins which have been hitherto applied to any
useful purpose are the following :— -
v b Galbanum. [t 18 obtamed from the bubon galbanum,
a perennial plant, and a uative of Africa. - When this plant
is cut across a little above the root, a milky juice flows out,
which soon hardens and constitutes galbanum. It comes ta
this country from the Levant, in small pieces composed of
tears, agglutinated together, of a yellowish or white colour.
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cut off, and more juice exudes. This is continued till the
roots are exhausted. The juice thus collected soon hardens
and constitutes asafwtida. It comes to Europe in small
arains of different colours, whitish, reddish, violet, brown.
Pretty hard, but brittle. Its taste is acrid and bitter; its
smell strongly allicaceous and fetid. ~ Alcohol dissolves
* about three-fourths of this substance ; and water takes up
nearly one-fourth 1f applied before the spirit.

5. Scammony.—This substance is obtained from the con-
volvulus scammonia, a climbing plant which grows in Sy-
ria. The roots when cut yield a milky juice. This when
collected and allowed to harden constitutes scammony. Co-
lour dark grey or black. Smell peculiar and nauseous : taste
bitter and acrid. With- water it forms a greenish-coloured
opaque liquid. Alcohol dissolves the greatest part of it. It
is usually mixed with the expressed juice of the root, and
frequently also with other impurities, which alter its appear-
ance. In medicine it operates as a strong cathartic.

6. Opoponax.—~This substance is obtained from the pas-
tinaca opoponax, a plant which is a native of the countries
round the Levant. The gum resin, like most others, is ob-
tained by wounding the roots of the plant. The milky juice,
when dried in the sun, constitutes the opoponax. Itis in
lumps of a reddish yellow colour, and white within. Smell
peculiar. Taste bitter and acrid. With water it forms a
milky solution, and about one-half of 1t dissolves. Alecohol
acts but feebly..

7. Gamboge or Gumgutt—This substance 1s obtaired
from the stalagnitis gambogioides, a tree which grows wild
in the East Indies. In Siam it is obtained in drops by
wounding the shoots; in Ceylon it exudes from wounds in
the bark. It is brought to Europe in large cakes. Its co-
lour is yellow; it is opaque, brittle, and breaks vitreous.
It has no smell, and very little taste. With water it forms

-
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CHAP. XXVIIL .

OF COTTON.

Cotton 1s a soft down which envelopes the seeds of various
plants, especially the different species of gossypium, from
which the cotton of commerce is procured. These plants
are natives of warm climates; grow wild in Asia, Africa,and
Anmerica, within the tropics ; and are cultivated in the East
*and West Indies.

Though no correct chemical investigation of the proper-
ties of cotton has hitherto been made, yet as its obvious qua-
ities distinguish it sufficiently from every other vegetable sub-
stance, we must consider it as a peculiar vegetable pnnmple :
and I have introduced it here, in hopes that some person or
other will be induced to exarhine 1ts nature m detail. The
"following are the particulars at present known.

This substance is in threads differing in length and fiue-
ness. INo asperities can be discovered on the surface of these
threads ; but if Lewenhoeck’s microscopical observations are
to be trusted, they are all triangular, and have three sharp
edges. Cotton differs considerably in colour; but wllen

bleached it becomes of a fine white.
~ Cotton 1s tasteless and destitute of smell. It is complete-
ly insoluble in water, alcohol, ether, and oils, and in all the
vegetable acids. |

The diluted alkalme leys have no pen:eptlble action on
cotton ; but when very strong they dissolve it if assisted by a
sufficient degree of heat. The new products obtained by
this solution have not been examined.

Cotton cunbines readily with tannin, and forms a yellow
or brown cunpound. IHence the infusion of galls, and
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CHAP. XXX,

OF WooOD.

All trees, and most other plants, contain a particular sub-
stance well known by the name of wood. Ifa piece of wood
be well dried, and digested, first in a sufficient quantity of
water and then of alcohol, to extract from it all the substan-
ces soluble in these liquids, there remains only behind the
woody fibre. ; '

This substance, which constitutes the basis of wood, is
composed of longitudinal fibres, is easily subdivided mto a
number of smaller fibres. It is somewhat transparent; is
perfecty tasteless; has no smell; and is not altered by expo-
sure to the atmosphere.

It 1s insoluble in water and in alcohol. The fixed alka-
lies, when assisted by heat, give it a deep brown colour, ren-
der 1t soft, and decompose it. A weak alkaline solution dis-
solves it without alteration ; and it may be thrown down again
by means of an acid. By this property we are enabled to

- separate wood from most of the other vegetable principles,
as few of them are soluble in weak alkaline leys.

‘When heated, it blackens without melting or frothing up,
and exhales a disagreeable acrid fume, and leaves a charcoal
which retains exactly the form of the original mass. When
distilled in a retort, it yields an acid liquor of a peculiar taste
and smell, distinguished by the name of pyrolignous, and for-
merly considered as a distinct acid ; but Fourcroy and Vau-
quelin have lately ascertained that it is merely the acetic acid
combined with an empyreumatic oil.

&L
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the soda, or barilha as it 1s called, which is imporﬁu:i from
Spain, 1s extracted, are the salsola sativa and vermiculata.

CHAP. XXXII.

EARTHS.

The only earths hitherto found in plants are the four fol-
lowing : lime, silica, magnesia, alumina.

1. Lime 1s usually the most abundant of the earths of
plants, and the most generally diffused over the vegetable
kingdom. Indeed it 1s a very uncommon thing to find a
plant entirely destitute of lime: salsola soda is almost the
only one in which we know for certain that this earth does
not exist.

2. Silica existsalso in many plants, particularly in grasses and
equisetums. Mr Davy has ascertained that it forms a part
of the epidermis, or outer bark of these plants ; and that in
some of them almost the whole epidermis is silica.

3. Magnesia does not exist so generally in the vegetable
kingdom as the two preceding earths. It has been found,
however, in considerable quantities in several sea plants,
especially fuci; but the salsold soda contains a greater pro-
portion of magnesia than any plant hitherto examined. Mr
Vauquelin found that 100 parts of it contained 17:929 of
that earth.

4. Alumina has on!y been fouud in very small qunnhhes g
m plants.

The following tahle exhibits the quantity of earths and
metallic oxides in grains, obtained by Schreder from 32
ounces of the secds uf the following kinds of corn; wheat -
{(triticum hybernum), rye (secale cereale), barley (hordeum
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DIVISION V.

OF ANIMAL SUBSTANCES.

When we compare animals and vegetables together, each
in their most perfect state, nothing can be easier than to dis-
tinguish them. The plant is confined to a particular spot,
and exhibits no mark of consciousness or intelligence; the
animal, on the contrary, can remove at pleasure from one
place to another, is possessed of consciousness, and a high
degree of intelligence. But on approaching the contiguofis
extremities of the animal and vegetable kingdom, these strik=
ing differences gradually disappear, the objects acquire a
greater degree of resemblance, and at last approach each
other so nearly, that it is scarcely possible to decide whether
some of those species which are situated on the very bonn-
dary belong to the amimal or vegetable kingdom.

To draw a line of distinction, then, between animals and
vegetables, would be a very difficult task : but it is not ne-
cessary at present to attempt it ; for almost the only animals
whose bodies have been hitherto examined with any degree
of chemical accuracy, belong to the most perfect classes, and
consequently are in no danger of being confounded with
plants. Indeed, the greater number of facts which I have
to relate apply only to the human body, and to those of a few
domestic ammals. The task of analysing all animal bodies
1s immense, and must be the work of ages of indefatigable
mdustry.

This part of the subject naturally divides itself mto two
chapters. In the first chapter, I shall give an account of
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tion be slowly evaporated till it is reduced to a small quan-
tity, and then put aside to cool. When cold, it will be found
to have assumed a solid form, and to resemble precisely that
tremulcus substance well known to every body under the
name of jelly. This is the substauce called in chemistry
gef‘atfﬂf If the evaporation be still farther continued, by
exposing the Jelly to dry air, it becomes hard, semitranspa-
rent, breaks with a glassy fracture, and 1s, in short, the sub-
stance so much employed in different arts under the name
of glue. Gelatine, then, is precisely the same with glue ;
only that it must be supposed always free from those impu-
rities with which glue is so often contaminated.
- Gelatine is semitransparent and colourless’ when pure.
Its consistency and harduess vary considerably. The best
kinds are very hard, brittle, and break with a glassy fracture.
Its taste is insipid, and 1t has no smell. :

When thrown into water 1t swells very much, but does
not readily dissolve ; and when taken out, it 1s soft and gela-
tinous ; but when allowed to dry, it recovers 1ts fc-rmer ap-
pearance. If it be put in this gelatinous state into” warm
water, it very soon dissolves, and forms a solution of an opal
colour, and the more opaque according to the quantity of
gelatine which it contains.  Tremulous gelatine dissolves in
a very small portion of hot water; but as the solution cools,
it gelativizes afresh. If this solution, as soon as it assumes
the tremulous form, be mixed with cold water and shaken, a
complete solution takes place.

Dry gelatine undergoes no  change when kept ; but in the
gelatinous state, or when dissolved in water, it very soon pu-
trefies ; an acid makes its appearance m the first place (pro-
bably the ar:eti-::), a fetid odour 1s exhaled, and afterwards

ammonia 1s formed.
Acids dissolve gelatine with facility, even when diluted,

especially when assisted by heat: but we are still ignorant
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forms a varnish, and is accordingly employed by bookbinders
for that purpose. When thus dried it has a considerable re-
semblance to gum arabic, to which also its taste is similar.
The white of an egg loses about four-fifths of its weight in
drying. It is still soluble in water, and forms the same glary
liquid as hefore. :

From the experiments of Dr antut:k it appears, that
~ when one part of this dry albumen is dissolved in nine parts
of water, the solution becomes perfectly solid when coagula-
ted by heat; but if the albumen amounts only to th of the
liquid, then, though coagulation takes place, the liquid does
not become perfectly solid, but may be poured from one ves-
sel to another.

When one gram of albumen is dissolved in 1000 grains of
water, the solutien becomes cloudy when heated.

Uncoagulated albumen soon putrefies unless it be dried;
in which state it does not undergo any change. It putrefies
more readily when dissolved in a large quantity of water than
when concentrated. The smell of white of egg, alluwed to
run into putrefactlon, resembles that of pus.

It is insoluble in alcohol and ether, which immediately co-
agulate it, unless it be mixed with a very great proportion of
water ; In which case even acids have no effect.

When acids are poured upon it, coagulation takes place
equally ; but several of them have the property of dissolving
it again when assisted by heat. This at least is the case with
sulphuric acid. The solution is of a green colour, and does
not soon blacken even when boiled. It is the case also with
nitric acid, and probably also with muriatic acid. Nitric
acid first disengages some azotic gas; then the albumen is
gradually dissolved, nitrous gas emitted, oxalic and malic

acids formed, and a thick oily matter makes its appenranct
en the surface.
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When this substance was digested for some hours in wa-
ter, 1t gradually softened, and becnm& white and opaque like
newly coagulated albumen. When water is made to act upon
it long, a small portion of it 1s taken up. The watery liquid
is not precipitated by the infusion of tan ; but njtromuriate of
tin occasions a famt cloud.

According to Scheele, the mineral acids, when greatly di-
luted with water, dissolve a portion of coagulated albumen,
which is thrown down again by the same acids concentrated.

When coagulated albumen is steeped in diluted nitric acid,
the acid in about four weeks begins to acquire a yellow tinge,
which becomes gradually deeper ; but the albumen, though
it becomes more opaque, is not dissolved. The yellow acid,
when saturated with ammonia, becomes of a deep orange co-
lour, but does not let fall any precipitate. When the albu-
men, thus treated, is immersed in ammonia, the liquid as-
sumes a deep orange colour, mclining to blood red. The
albumen is slowly dissolved, and the solution has a deep yel-
lowish brown colour. If the albumen, after being steeped
in nitric acid, be washed and then boiled in water, it is dis-
solved, and forms a pale yellow liquid, which gelatinizes
when properly concentrased. If the gelatinous mass be again
dissolved in boiling water, the solution is precipitated by tan
and by nitro-muriate of tin. Hence we see that mtric acid
has the property of converting coagulated albumen into ge-
latine.

Concentrated nitric acid dissolves coagulated albumen
with effervescence, especially when assisted by heat. It be-
comes orange brown when mixed with ammonia, but no pre-
cipitate falls.

It is readily dissolved by a boiling lixivium of pota.lh am-
monia is disengaged, and an animal soap is formed. This
soap, when dissolved in water, and mixed with acetic or
mnriatic acids, Jets fall a precipitate which is of a saponas
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It undergoes no change though kept exposed to the ac-
tion of air ; neither does it alter speedily though kept cover-
ed with water. Mr Hatchett kept a quantity of the fibrin
- which he had prepared from beef moistened with water dur-
ing the whole month of April ; it acquired a musty but not
a putrid smell, neither were the fibres reduced to a pulpy mass.
Even when kept two months under water, it neither became
putrid, nor was converted mto the fatty matter ohtained by
macerating recent muscle,

When fibrin is exposed to heat, it contracts very suddenl}',
and moves like a bit of horn, exhaling at the same time the
smell of burning feathers. In a stronger heat it melts.
When exposed to destructive distillation, it yields water, car-
bonate of ammonia, a thick heavy fetid oil, traces of acetic
acid, carbonic acid, and carbureted hydrogen gas.

Acids dissolve fibrin with considerable facility, Sulphuric
acid gives it a deep brown colour; charcoal is precipitated,
and acetic acid formed. Muriatic acid dissolves it, and forms
with it a rrrecn—culnured jelly. -The acetic, citric, oxalic, and
tartaric acids also dissolve it by the assistance, of heat; and
the solutions, when concentrated, assume the appearance ﬂf
jelly. Alkalies precipitate the fibrin from acids in flakes, so-
luble in hot water, and resembling gelatine in its properties.

Diluted nitric acid occasions the separation of a good deal
of azotic gas, as was first observed by Berthollet. Mr Hat-
chett steeped a quantity of fibrin in nitric acid diluted with
thrice its weight of water for 15 days. "The acid acquired a
yellow tmge, and possessed all the pmpem{:s of the nitrie
solution ‘of albumen. The fibrin thus treated, dissolved in
boiling water, and when coucentrated by evaporation, be-
came a gelatinous mass, soluble in hot water, and precipita-
ted by tan and nitro-muriate of tin, and therefore possessing
the pmperties of gelatine. Ammonia dissolves the greater
part of thg fibrin after it has been altered by mitric acid
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Fibrin exists only in the blood and the muscles of animals :
but it 1s a genus which includes as many species as there are
varieties in the muscles of animals ; and the great diversity of
these substances is well known. The muscles of fish, of
fowl, and of quadrupeds, bear scarcely any resemblance to

eag:h other.

Sect. V. Of Urea.

Urea may be obtamed by the following process: Evapo-
rate by a gentle heat a quantity of human urine, voided six
or eight hours after a meal, till it be reduced to the consist-
ence of a thick syrup. In this state, when put by to cool, it
concretes into a crystalline mass. Pour at different times
upon this mass four times its weight of alcohol, and apply a
eentle heat; a great part of the mass will be dissolved, and
there will remain only 2 number of saline substances. Pour
the aleohol solution into a retort, and distil by the heat of a
sand-bath till the liquid, after boiling some time, 1s reduced
to the consistence of a thick syrup. The whole of the alco-
hol is now separated, and what remains in the retort erystal-
lizes as it cools. These crystals consist of the substance
known by the name of urea.

Urea, obtained m this manner, has the form of erystalline
plates crossing each other in different directions.  Its colour
is yellowish white : it has a fetid smell, somewhat resembling
~ that of garlic or arsenic; its taste is strong and aerid, resem-
bling that of ammoniacal salts; it is very viscid and diffieult
to cut, and has a good deal of resemblance to honey. When
exposed to the open air, it very soon attracts moisture, and
is converted into a thick brown liquid. It is extremely so-
luble in water; and during its solution a considerable degree
of cold is produced. Alcohol dissolves it with facility, but
scarcely in so large a proportion as water. The alcohol so-
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lution yields erystals mueh more readily on evapnmhun than
the solution in water.

When nitric acid is dropt into a concentrated solution of
urea in water, a great number of bright pearl-coloured crys-
tals are deposited, composed of urea and nitric acid. No
other acid produces this singular effect. The concentrated
solution of urea in water is brown, but it becomes yellow
when diluted with a large quantity of water. The infusion
of nutgalls gives it a yellowish brown colour, but causes no
precipitate ; neither does the infusion of tan prodnce any pre-
cipitate. i

When heat is applied to urea, it very soon melts, swells
up, and evaporates with an insupportably fetid odour. When
distilled, there comes over first benzoic acid, then carbonate
of ammonia in crystals, some carbureted hydrogen gas, with
traces of prussic acid and oil ; and there remains behind a
large residuum, composed of charcoal, muriate of ammonia,
and muriate of soda. The distillation is accompanied with
an almost insupportably fetid alliaceous odour.

When the solution of urea in water is kept m a boiling
heat, and new water is added as it evaporates, the urea is
oradually decomposed, a very great quantity of carbonate of
ammonia is disengaged, and at the same time acetic acid is
formed, and some charcoal precipitates.

When a solution of urea in water is left to itself for some
time, it is gradually decomposed. A froth collects on its
surface; air bubbles are emitted which have a strong disa-
greeable smell, in which ammonia and acetic acid are distin-
ouishable. The liquid contains a quantity of acetic acid.
The decomposition is much more rapid if a little gelatine be
added to the solution. In that case more ammonia is disen-
saged, and the proportion of acetic acid is not so great.

When the solution of urea is mixed with one-fourth of its
weight of diluted sulphuric acid, no effervescence takes place;
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but, on the application of heat, a quantity of ¢il appears on
the surface, which concretes upon cooling ; the liquid which
comes over 1nto the receiver contais acetic acid, and a quan-
tity of sulphate of ammonia remains u the retort dissolved in
the undistilled mass. DBy repeated distillations, the whole of
the urea is couyerted mto acetic acid and ammonia.

When nitric acid 1s poured upon crystallized urea, a vio-
lent effervescence takes place, the mixture frothes, assumes
the form of a dark red liquid, great quantities of nitrous gas,
azotic gas, and carbouic acid gas, are disengaged. When
the effervescence 1s over, there remains only a concrete white
matter, with some drops of reddish llquld When heat 1s
4pphed to this residuum it detonates like nitrate of ammonia.

Muniatic acid dissolves urea, but does not alter it. Oxy-
muriatic acid gas is absorbed very rapidly by a diluted solu-
tion of wrea; small whitish flakes appear, which soon become
brown, and adhere to the sides of the vessel like a concrete
oil. After a considerable quantity of oxymuriatic -acid had
been absorbed, the solution, left to itself, continued to effer-
vesce exceeding slowly, and to emit carbonic acid and azotic
gas. After this effervescence was over, the liquid contained
murilate and carbonate of ammonia.

Urea is dissolved very rapidly by a solution of potash or
soda, and at the same time a quantity of ammonia 1s disen-
gaged ; the same substance is disengaged when urea is treat-
ed with barytes, lime, or even magnesia. Hence it is evi-
dent, that this appearance must he ascribed to the muriate of
ammonia, with which it is constantly mixed. When‘pur&
solid potash is triturated with urea, heat is produced, a great
quantity of ammonia i1s disengaged; the mixture becomes
brown, and a substance is deposited, having the appearance
of an empyreumatic oil. One part of urea and two of pot-
ash, dissolved in four times its weight of “atfer, when distil-
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as sugar, only the empyreumatic oil obtained has the odour
of benzoic acid. When treated with nitric acid it yields sac-
lactic acid. From these experiments, it appears that sugar
of milk is specifically different from every kind of vegetable
sugar at present known.

2. Honey 1s prepared by bees, and perhaps rather belongs
to the vegetable than the animal kingdom. It has a white
or yellowish colour, a soft and grained consistence, a saccha-
rine and aromatic smell. By distillation it affords an acid
phlegm and an oil, and its coal is light and spongy like that
of the mucilages of plants. Nitric acid extracts from it ox-
alic acid, precisely as it does from sugar. It is very soluble
in water, with which it forms a syrup, and like sugar passes
to the vinous fermentation,

According to Proust, there are two kinds of honey ; one
always liquid, and the other solid and not deliquescent.
They may be separated, he says, by means of alcohol,

8. The urine of persons labouring under the disease known
to physicians by the name of diabetes, yields, when evapo-
rated, a considerable quantity of matter which possesses pro-
perties analogous to sugar. This seems to have been first
observed by Willis. When treated with nitric acid, it yield-
ed the same proportion of oxalic acid as an equal quantity
of common sugar would have done, making allpwance for
the saline substances present. No saclactic acid was form-
ed. Hence it follows that this substance is not analogous
to sugar of milk, but nearer.common sugar in its proper-
ties. It has been supposed incapable of crystallizing regu-
farly like common sugar. But I have seen it prepared by
Dr Wollaston in small grains, having almost exactly the ap~
pearance of common white sugar,
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3. Train 0tl—This liquid is extracted from the blubber
of the whale, and from other fish. It forms a very import-
ant article of commerce, being employed for combustion in
lamps, and for other purposes. It is at first thick; but on
standing, a white muecilaginous matter is deposited, 'and the
oil becomes transparent. [t i1s then of a reddish brown co-
lour, and has a disagreeable smell.

4. Though all the oily bodies found in animal substances
helong to the class of fixed oils, yet there is a peculiar vola--
tile o1l which makes its appearance, and wlich is doubtless
formed during the distillation of different animal bodiess
Though this o1l has now lost that celebrity which drew the
attention of the older chemists to it, yet as its properties are
peculiar, a short account of it will not be improper. It is
usnally called the animal oil of Dippel, because that che-
mist first drew the attention of chemists to it. It is usually
obtained ‘from the gelatinous and albuminous parts of ani-
mals. The horns are said to answer best. ‘The product of
the first distillation is to be mixed with water, and distilled
with a moderate heat; the oil which is firsi obtained is the
animal o1l of Dippel. |

It is colotrless and transparent; its smell is strong and
rather aromatic ; 1t is almost as light and as volatile as ether ;
water dissolves a portion of it; and it changes syrup of vio-
lets green, owing, as is supposed, to its containing a little
ammoma. The acids all dissolve 1t, and form with it a
kind of imperfect soap. Nitrous acid sets it on fire, It
forms with alkalies a soap. Alcohol; ether, and oils unite
with it. When exposed to the air it becomes brown, and
loses its transparency. It was formerly used as a specific ia
fevers, :
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body. 1Tt is said, indeed, to occur sometimes in urine com=
bined with soda. It is, however, a very common consti-
tuent of the liquid contents of the inferior animals. Thus
sulphate of soda is found in the liquor of the amnios of
cows, and sulphate of lime occurs usually in the urine of

quadrupeds.
3. Muriatic acid occurs in most of the fluid animal sub-

stances, and is almost always combined with soda, constitut-

ing common salt.
4. Carbonic acid has been detected in fresh human urine

by Proust, and it occurs in the urine of horses and cows
abundantly, partly combined with lime.

5. Benzoic acid was first discovered in human urine by

Scheele ; and Fourcroy and Vauquelin have found it abun-
dantly in the urine of cows. Proust has detected it in the
blood, the albumen of an egg, in glue, silk, and wool, in
the sponge, different species of alge, and even in mush-

rooms.

6. Uric or lithic acid was discovered by Scheele in 1776.
It is the most common constituent of urinary caleuli, and
exists also in human urine. That species of calculus which
resembles wood in its colour and appearance is composed
entirely of this substance. It was called at first lithic acid ;
but this name, in consequence of the remarks made by Dr
Pearson on its impropriety, has been laid aside, and that of

arie acid substituted in its place.

7. Rosacic. During intermittent fevers urine deposites a

very copious precipitate, which has been long known to

physicians nnder the name of lateritious sediment. 'This se-

diment always makes its appearance at the ecrisis of fevers.
In gouty people, the same sediment appears in equal abun-
dance towards the end of a paroxysm of the disease ; and if
this sediment suddenly disappears after it has begun to be
deposited, a fresh attack may be expected. Scheele consi-
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which constitutes by far the greatest part of the whole.
2. Carbonate of lime. 3. Phosphate of magnesia, lately |
discovered by Fburcroy and Vauquelin. It occurs in the
bones of all the inferior animals examined h;,r these indefati-
gable chemists, but could not be detected in human bones.
4. Sulphate of lime, detected by Mr Hatchett in a nrewy Ti-
nute proportion. - ity i

2. The proportion of fat contained in bones is various,
By breaking bones in small pieces, and boiling them for
some time in water, Mr Proust obtained their fat swimming »
on the surface of the liquid. It weighed, he says, one-fourth
of the weight of the bones employed. 'This proportion ap-
pears excessive, and can scarcely be accounted for wlthﬂut
supposig that the fat still retained water. ;

3. The gelatine is separated by the same means asfthe fat,
by breaking the bones in pieces and boiling them long enough
in water. The water dissolves the gelatine, and gelatinizes
when sufficiently concentrated. Hence the importance of
bones in making portable soups, the basis of which is con-
crete gelatine, and likewise in making glue. - By this process
Proust obtained from powdered bones about one-sixteenth
of their weight of gelatine.

4. When bones are deprived of their gelatlne by boﬂm,
them in water, and of their earthy salts by steeping them in -
diluted acids, there remams a soft white elastic substance,
possessing the figure of the bones, and known by the name of
cartilage. From the experiments of Hatchett, it appears
that this substance has the properties of coagulated albumen.
Like that substance, it becomes brittle and semitransparent
when dried, is readily soluble in hot nitric acid, is converted
wto gelatine by the action of diluted nitric acid; for it is. s0-
luble in hot water, and gelatinises on cooling, m}d ammonia
dissolves it and assumes a deep crrange colopr bR Bos

i
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the similarity of their texture, belong to the same head. For
almost all the knowledge of these substances that we pos-
sess, we are indebted to the late important dissertations of
Mr Hatchett. A few detached facts, indeed, had been ob-
served by other chemists; but his experiments gave us a
systematic view of the constituents of the whole class.

Shells, like bones, consist of calcareous salts united to a
soft animal matter ; but in them the lime is united chiefly to
carbonie acid, whereas in bones it is united to phosphoric
acid. In shells the predominating ingredient i1s carbonate of
lime ; whereas in bones it is phosphate of lime. This eon-
stitutes the characteristic difference in their composition.

Mr Hatchett has divided shells into two classes. The first
are usually of a compact texture, resemble porcelan, and
have an enamelled surface, often finely variegated. The shells
belonging to this class have been distinguished by the name
of porcelaneous shells. 'To this class belong the various spe-
cies of voluta, cyprea, Xe. The shells belonging to the se-
cond class are usually covered with a strong epidermis, be-
low which lies the shell in layers, and composed entirely of
the substance well known by the name of mother-of-pearl.
They have been distingnished by the name of mother-of-pearl
shells. 'The shell of the fresh water muscle, the haliotis iris,
the turbo olearius, are examples of such shells. The shells
of the first of these classes contain a very small portion of
soft animal matter ; those of the second contain a very large
portion. Hence we see that they are extremely different in
their composition. '

1. Porcelaneous shells, when exposed to a red heat,
crackle and lose the colour of their enamelled surface. They
emit no smoke or smell ; their figure continues unaltered,
their colour becomes opaque white, tinged partially with pale
grey. They dissolve when fresh with effervescence in acids,
and without leaving any residue ; but if they have been bumt,
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acid, they become transparent, and perfectly membranaceous.
The acid, when saturated with ammonia, gives a copious
precipitate of phosphate of lime. Hence they are composed
of alternate layers of membrane and phosphate of lime. To
this structure they owe their brilliancy. Mr Hatchett found
the spicula of the shark’s skin to be similar in its cor
sition, but the skin itself yielded no phosphate of lime.
The horny scales of serpents, on the other hand, are com-
posed alone of a horny membrane, and are destitute of phos-
phate of lime. They yielded, when boiled, but allght traces
of gelatine ; the horn-like crusts which cover certain insects
and other animals appear, from Mr Hatchett's experi-
ments, to be nearly similar in their composition and nature.

Sect. III.  Of the Muscles of Animals.

After the hard parts of animals have been examined, it
remains for us to consider the composition of the soft parts.
Of these, the muscles naturally claim our attention in the
first place, as being the most important. '

The muscular parts of animals are known in commen
langnage by the name of flesh. They constitute a consi-
derable portion of the food of man. :

Mauscular flesh is composed of a great number of fibres
or threads, commonly of a reddish or whitish colour ; but its
appearance is too well known to require any description.
Hitherto it has not been subjected to any accurate clw:mcal
analysis.

When a muscle is cot in small pieces, and well ?ashad
with water, the blood and other hquids contamed in it are
separated, and part of the muscular substance also is dis-
solved. The muscle, by this process, is converted into a
white fibrous substance, still retaining the form of the ori-
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ter it becomes gelatinous, and dissolves completely, consti-
tuting a viscid liquor, which, by proper evaporation, is con-
verted nto glue. Hence the cutis of animals is commonly
cmployed in the manufacture of glue.

From these facts the cutis appears to be a peculiar modi-
fication of gelatine, enabled to resist the action of water, part-
ly by the compactness of its texture, and partly by the visci-
dity of the gelatine of which it is formed; for those skins
which dissolve most readily in boiling water afford the worst
glue. Mr Hatchett has observed that the viscidity of the
gelatine obtained from skins is nearly inversely as their flexi-
bility, the supplest hides always yielding the weakest glue;
but this glue is very soon obtained from them by hot water.
The skin of the eel 1s very flexible, and affords very readily
a great proportion of gelatine. The skin of the shark also
readily vields abundance of gelatine; and the same remark
applies to the skins of the hare, rabbit, calf and ox; the dif-
ficulty of obtaming the glue and its goodness always increas-
g with the®toughness of the hide. The hide of the rhino-
ceros, which 1s exceedingly strong and tough, far surpasses
the rest in the difficulty of solution and in the goodness of
its glue, When skins are boiled, they gradually swell and
assume the appearance of horn: then they dissolve slowly.

3. As to the rele mucoswm, or the mucous substance, si-
tuated between the cutis vera and epidermis, its composition
cannot be determined with precision, because its quantity is
too small to admit of examination. It is known that the
black colour of negroes depends upon a black pigment, situ-
ated in this substance. Oxymuriatic acid deprives it of its
black colour, and renders it yellow. A negro, by kaieping
his foot for some time in water impregnated with that acid,
deprived it of its colour, and rendered it nearly white ; but
in a few days the black colour returned again with its former
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are authorized to conclude, that the composition of the ten-
dons is similar to that of the membranes and cutis.

3. The ligaments are strong bands which bind the bones
together at the different joints: they are fibrous substances,
very dense and strong, and somewhat elastic. When boiled
they yield a portion of gelatine, but they resist the action of
water with great obstinacy, and after a great deal of boiling
retain their form, and even their strength. The ligaments,
then, differ essentially from the two last species. How far
they resemble coagulated albumen remains to be ascertained.
It is not unlikely that they will form a genus apart. =

" 4. The glands are a set of bodies employed to form or to
alter the different liquids which are employed for different
purposes in the amimal body. There are two sets of them:
the conglobate, which are small, scattered in the course of
the lymphatics; and the conglomerate, such as the liver, kid-
neys, &c. Fourcroy supposes the first of these to be coni-
posed of gelatine ; but this is not very probable. The struc-
ture of the large glands has been exammed by anatomists
with great care; but we are still ignorant of their composi-
tion. Indeed the present state of chemistry scarcely admits
of an accurate analysis of these complicated bodies. :

5

Sect. VI.  Of the Brain and Nerzes.

The brain and nerves are the instruments of sensation, and
even of motion; for an animal loses the power of moving a
part the instant that the nerves which enter it are cut.

The brain and nerves have a strong resemblance to each
other; and it i1s probable that they agree also in their com-
position. But hitherto no attempt has been made to analyse
the nerves. The only chemists who have examined the na-
ture of brain are Mr Thouret and Mr Fourcroy.
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quantity of ammonia is disengaged, a bulky charcoal remains
mixed with a considerable quantity of oxalic acid.

When brain is gradually evaporated to dryness by the heat
of a water bath, a portion of transparent liquid separates at
first from the rest, and the residuum, when nearly dry, ac-
quires a brown colour; its weight amounts to about one-
fourth of the fresh brain. It may still be formed into an
emulsion with water, but very soon separates aga.m spontane-
ously.

When alcohol is repeatedly boiled upon this dried resi-
duum till 1t ceases to have any more action, it dissolves about
five-eighths of the whole. When this.alcohol cools, it depo-
sites a yellowish white substance, composed of brilliant
plates. When kneaded together by the fingers, it assumes
the appearance of a ductile paste: at the temperature of
boiling water it becomes soft, and when the heat is increased
it blackens, exhales empyreumatic and ammoniacal fumes,
and leaves behind it a charry matter. When the alcohol is
- evaporated, it deposites a yellowish black matter, which red-
dens paper tinged with turnsole, and readily dlﬂusea itself
through water.

Pure concentrated potash dissolves brain, dlseno'agmg a
oreat quantity of ammonia.

Scer. VII. AMarrow.

The hollows of the long bones are in living animals filled
with a peculiar species of fat matter, to which the name of
marrow has been siven. In some bones this matter is a
good deal mixed with blood, and has a red colour; in others,
as the thigh bones, i is purer, and has a yellow colour.. Va-
rious experiments on this matter were made by the older
chemists, showing it to be analogous to animal fats, and
pointing out some of 1ts peculiarities. Berzelius has lately

-
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gradually separates mto two parts ; one of which 1s fluid, and
15 called serum; the other, the coagulum, has been called
cruer, because it alone retains the red colour which distin-
guishes blood. 'This separation is very similar to the sepa-
ration of curdled milk mto curds and whey.

1. The serum is of a light greenish yellow colour; it has
the taste, smell, and feel of the blood, but its consistence is
not so great. Its mean specific gravity 1s about 1-0287. It
converts syrup of violets to a green, and therefore contains
an alkali. Omn exammation, Rouelle found that it owes this .
property to a portion of soda. When heated to the tempe-
rature of 156°, the serum coagulates, as Harvey first disco-
vered. It coagulates also when boiling water is mixed with
1t; but if serum be mixed with six parts of cold water, it
does not coagulate by heat. When thus coagulated, it has a
greyish white colour, and 15 not unlike the boiled white of an
egg. If the coagulum be cut into small pieces, a muddy fluid
may be squeezed from it, which has been termed the serosity.
After the separation of this fluid, if the residuum be careful-
Iy washed in boiling water and examined, it will be found to
possess all the properties of coagulated albumen. The se-
rum, therefore, contains a considerable proportion of albu-
men. Hence its coagulation by heat, and the other pheno-
mena which albumen usually exhibits. .

If the coagulated serum be heated in a silver vessel, the
surface of the silver becomes black, being converted uto a
sulphuret. Hence it 1s evident that it contains sulphur; and
Proust has ascertained that it is combined with ammonia in
the state of a hydrosulphuret.

If serum be mixed with twice its weight of water, and, af-
ter coagulation by heat, the albumen be separated by filtra-
tion, aud the liquid be slowly evaporated tll it is considera-
bly concentrated, a number of crystals are deposited when
the liquid 15 left standing in a cool place. These crystals,
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solution. This substance is a compound of albumen and
soda. Thus we see that the watery solution contains albu-
men, iron, and soda.

Fourcroy and Vauquelin have ascertained that the iron is
combined with phosphoric acid, and in the state of sub-
phosphate of iron ; thus confirming an opinion which had
been maintained by Sage, and announced as a fact by Gren.

Such are the properties of blood, as far as they have been
hitherto ascertained by experiment. We have seen that it
contains the following ingredients :

1. Water 6. Subphosphate of iron
2. Fibrin 5 7. Muriate of soda
3. Albumen 8. Phosphate of soda

4. Hydrosulph. of ammonia 9. Phosphate of lime
5. Soda
Besides benzoic acid, which has been detected by Proust,

Secr. X, Of Milk.

Milk is a fluid secreted by the female 'of all those animals
denominated mammalia, and intended evidently for the nou-
rishment of her offspring.

The milk of every animal has certain peculiarities which
distinguish it from every other milk. But the animal whose
milk is most made use of by man as an article of food, and
with which, consequently, we are best acquainted, is the cow.
Chemists, therefore, have made choice of cow’s milk for
their experiments. ]

Milk is an opaque fluid, of a white colour, a slight pecu-
liar smell, and a pleasant sweetish taste. When newly drawn
from the cow, it has a taste very different from that which it
rcquires after it has been kept” for some hours: It reddens
vegetable blues.
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the gaseous bodies is altered. This mutual mixture seems

to be analogous to what happens when liquids are mixed -

together, and seems explicable in the same way. It seems
to be owing to a weak attraction which exists between the
particles of all gaseous bodies. Mr Dalton affirms, that it

s owing entm:ly to the difference between the size of the

particles of different gases.

Several gases have the property of uniting mtm:axely with
each other, and of forming new products possessing pecuhar
properties. The following table exhibits a view of those
that unite upon simple mixture with the products which
they form.

Products.

Nitrous acid.

Nitric acid.

Ammonia with vapour . . . Liquid ammonia.
muriatic acid . . Muriate of ammonia.
fluoric actd . . Fluate of ammonia.
carbonic acid . . Carbonate of ammonia.
sulphurcus acid . Sulphite of ammonia.
sulphureted hydrogen erdrosulphuret of am-

monia.

The foellowing are the gases which combine only in parti-
cular circumstances with the products which they form :

Products.

Oxygen with hydrogen . . . Water.

carbonic oxide Carbonic acid.
azote . . . .« Nitric acid.
muriatic acid . . Oxymuriatic acid.
oxymuriatic acid . Hyperoxymuriatic acid.
sulphurous acid . Sulphuric acid. ¥
nitrous oxide . . Nitric acid.
The combination of the first two sets is produced by com-
bustion, and may be accomplished either hy a red heat or by
the electric spark. Oxygen and azote unite slowly by means

Oxygen with nitrous gas
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increasing the pressure, water may be ‘made to absorb any
quantity of a gas whatever. -

The gases still retain their elasticity after they have been
absorbed by water, accordingly they make their escape if the
water be placed under the exhausted receiver of an air pump.

The proportion of a gas absorbed by water depends very
much upon its purity. Thus water abhsorbs its own bulk of
pure carbonic acid gas; but if the carbonic acid gas be
mixed with common air, the proportion of it absorbed is
much diminished. Water impregnated with a gas must be
in contact with a portion of the very gas absorhed, otherwise
that gas soon makes its escape altogether,

As the temperature increases, the absorbability of the
gases by water diminishes, no doubt in consequence of the
mcreased elasticity of the gases, |

This absorption of the gases by water is probably the con-
sequence of an affinity between them and thatliquid. Hence
the determinate proportion of each absorbed, and most of
the other phenomena, admit of an easy explanation.

The alkaline and acid gases are very absorbable by water,
and of course are acted on by a strong affinity. The follow-
ing table exhibits a view of the bulk of each gas absorbed
by one measure of water,

Oxymuriatic acid . . 1-5 +
Sulphurous acid , . 33
Fluoricacid . . . 175 +
Muriaticacid . . . 516
Ammoniacal gas . . 780

When a cubic inch of water is saturated with thm gaaﬂ,
its bulk increases. The following table exhibits the bulk of
water when thus saturated, supposing the original bulk to

Ilj:ave been 1. 4
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Saturated with
Oxymuriatic acid . . 1-002 +
Sulphurous acid . . 1:040
Muriaticacid . . . 1-500
Ammoniacal . . . 1666
- Thus the water undergoes an expansion, so that the densi-
ty of the gases absorbed is not in reality so great as it ap-
pears to be. The following table exhibits the real densities
of these gases in the water. |
Oxymuriaticacid . . 15
Sulphurous . . . . 317 = 33 pearly.
Muriatic . . . . 'S430=17¢
Ammonia. . . . 4680=83

That these gaseous bodies combine chemically with water,
eannot be doubted.

The simple gases have the property of cmnbiniug with
different solid bodies, and of forming compounds sometimes
gaseous, sometimes liquid, and sometimes solid. Oxygen
combines with two dozes of carbon, forming carbonic acid
and carbonic oxide, both gazes ; the first a product of com-
bustion, the second a combustible oxide. It combines with
three dozes of phosphorus, forming oxide of phosphorus,
phosphorous acid and phosphoric acid, all of which are solid
bodies. It unites likewise with three doses of sulphur, and
forms oxide of sulphur, sulphurous acid, and sulphuric acid :
the first a solid, the second a gas, the third a liquid. It
combines in various proportions with the metals, and all the
metallic oxide are solids.

Hydrogen appears to combine in at least two proportions
with each of the other simple combustibles. It unites also
with several of the metals, but the proportions haveuot been
ascertained.
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No doubt the action of liquids .on each other depends
upon their affinity. The first class have the greatest affinity
for each other ; that of the second is greater, and that of the
third is less than the cchesion of the particles of each.

Water has the property of combining with a very great
number of solid bodies. It combines with them in two
ways. In the first way the solid retains its solidity while the
water loses its liquid form. Such combinations are called
hydrates. In this way water combines with sulphur, metal-
lic oxides, earths, alkalies, many acids, all salts, hydrosul-
phurets, and many animal and vegetable substances. In the
second way, the water dissolves the solid, and the whole be-
comes liquid. In this way 1t acts upon many aclds alkalies,
earths, salts, and vegetable substances.

These combinations are all chemical, and the hydrates ap-
pear to be the mostintimate. Their specific gravity is always
greater than the mean, while the specific gravity of saline so-
lutions is usually less than the mean.

The action of the other liquids on solids has been hither-
to but imperfectly investigated.

CHAP. III1.

OF S0OL1ID5,
t‘

Solids are bodies composed of particles that cohere to-
sether, and cannot be moved among themselves without the
exertion of a force sufficient to destroy the cohesion of the
body. They are very numerous, and their specific gravity
varies more than that of gases or liquids. The following
table exhibits the specific gravity of the most remarkable

solids:







































