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2. To trace in detail these diversified and complicated phno-
mena, to arrange them and deduce general laws from their analo-
gies, would be a labour to which even the longest life of the most
industrious and saggcious individual might be devoted in vain. The
student who has the advantage of referring to the knowledge accu-
mulated by many individuals in different times, may adopt much
more simple methods of acquiring the science. Those of recurring
to its general principles, so as to ascertain the powers and proper-
ties of matter, which are the causes of the phznomena of chemistry }
and of applying these principles to the actions taking place between
the various substances existing in nature, or produced by art; pro-
ceeding gradually, referring to observations, experiments, and dis-
tinct analogies, from the more simple to the more complicated
changes, so as to understand the laws by which they are governed.

11. Of the Forms of Matter.

1. In the general views that may be taken of the properties of na-
tural substances, certain relations appear, which afford the means of
arranging them in four distinct classes, each of which is distinguish-
ed by certain sensible and obvious qualities.

2. The first class consists of solids, which compose the great
known part of the. globe. Solid bodies, when in small masses, re-
tain whatever mechanical form is given to them: their parts are se-
parated with difficulty, and cannot readily be made to unite after se-
paration ; some solid bodies yield to pressure, and do not recover
their former figure, when the compressing force is removed, and
they are called non-elastic solids; others that regain this form, are
called elastic bodies. Solids differ in degrees of hardness, in colour,
in degrees of opacity or transparency, in density or in the weight
afforded by equal volumes; and when their forms are regular or
erystallised, in the nature of these forms.

3. The second class consists of Auids, of which there are much
fewer varieties. Fluids when in small masses assume the spherical
form ; their parts possess freedom of motion ; they differ in degrees
of density and tenacity, in colour and degrees of opacity or transpa-
vency. They are usually regarded as incompressible, at least a very
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lcad to 131 of chlorine, which agrees very nearly indeed with one
proportion of metal, and twe of chlorine ; and this compound de-
composed by alkalies affords the oxide containing two proportions
of oxygene.

5. Sulphur is easily made to unite with lead by a gentle heat.
One combination only of these bodies is certainly known, and it is
the same as the substance found in nature, referred to in the be-
ginning of this section, and called galena. It is very brittle, bril-
liant, and of a deep bluish gray colour. It is less fusible than lead,
and crystallizes in cubes. 100 parts of lead in becoming the sul-
phuret unite to about 15 parts of sulphur; which gives the sulfihu-
ret, as consisting of one proportion of metal and two proportions of
sulphur.

6. A compound of lead with phosphorus may be formed by fusing
together equal parts of filings of lead and phosphoric acid. It is of
a silver white colour with a shade of blue ; may be cut with a knife,
but is brittle under the hammer. The same substance may be form-
ed by bringing phosphorus in contact with melted lead. According
to Pelletier it consists of 88 parts lead and 12 of phosphorus, whic
gives nearly 3 proportions of phosphorus 60, to one of lead 398.

7. There are no known combinations of lead with hydrogene,
azote, carbon, or boron.

8. Lead unites by fusion with the metals of the fixed alkalies, and
forms compounds which tarnish in the air, and are readily decomposed
by the agency of water,

9. Lead combines with zing, tin, and iron. Its alloy with iron is
made with great difficulty, and has not been accurately examined.
The alloys of zinc and lead may be easily made by fusion. These
alloys are harder than zinc, and ductile. In whatever proportions
the metals are melted together, the mass, on cooling, is found to
contain them in a state of chemical union or intimate mixture. Lead
and tin combine in a similar manner; this alloy is harder and more
tenacious than tin. It is said by Muschenbroeck that these quali-
ties exist in the highest degree in the alloy, when it is composed of
3 parts of tin, and one of lead ; which quantities nearly correspond
with single proportions of each of the two metals. This mixture is
often employed to cover copper vessels; and, as appears from the
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the mass sublimed, the substance called calomel is formed. 1 have
found, by a minute analysis, that the quantity of chlorine in calomel
is to that in corrosive sublimate as 1 to 2, the quantity of mercury
being the same in both. Calomel is tasteless, corrosive sublimate
has an acrid, burning taste; calomel is insoluble, corrosive sublimate
soluble in water. Calomel, according to my analysis, consists of one
proportion of mercury 380, and one proportion of chlorine 67. Cor-
rosive sublimate of 380 metal, and 134 chlorine. The names mer=
curane and mercurana, which may be adopted to signify the relations
of their composition, are too similar to each other to be safely used
as familiar appellations for the two substances, as corrosive subli-
mate is a powerful poison, calomel an excellent medicine.

5. Sulphur and mercury readily combine by fusion; three parts
of mercury and one of sulphur melted together, heated to redness,
and then sublimed out of the contact of air, afford a cake of a fine
red colour, called ecinnadar, and known in commerce under the name
of vermillion. It seems, from the experiments made on this sub-
stance, that it contains one proportion of mercury, and two of sul-
phur. When sulphur and mercury are heated strongly together,
but not to sublimation, a black mass is obtained, which has been
called Ethiofis mineral. It is probable that this substance contains
a larger quantity of sulphur than cinnabar, but its composition has
never been ascertained, and it is always converted into cinnabar by
sublimation. The specific gravity of cinnabar is about 10, that of
Ethiops is less : both these substances are easily decomposed by any
metal having a stronger affinity for sulphur; when heated with iron
filings, for instance, the sulphur combines with the iron, the mer-
cury rises in vapour and condenses,

6. I have made a combination of phosphorus and mercury, by
strongly heating together phosphorus and calomel. It is of a cho-
colate colour, and not fusible at the beiling point of mercury. I ha'ife
made no experiments on its composition.

7. No combinations have as yet been effected of mercury with
hydrogene, azote, charcoai, or boron.

8. Mercury unites readily with potassium and sodium, and forms
solid alloys; the combination is attended with much heat. One part,
of potassium renders solid at common temperatures 70 parts of mer-
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off oxygene gas by ignition : but this powder, after being long wash-
ed, reddens turmeric, so that it is not pure oxide of platinum.

4. A bright brown powder may be obtained by evaporating to dry-
ness the nitro-muriatic solutien of platinum. This powder, when
heated to whiteness, is resolved into platinum and chlorine, and the
chlorine gas may be collected in a proper apparatus. Irom some
experiments made on this powder, at my request, by Mr. E. Davy,
it appears to contain about 24 per cent. of chlorine; but this estl-
mate can be considered only as an approximation, for there are many
difficulties in gaining accurate results on a substance so easily de-
composed.

5. Sulphur combines with platinum when they are heated to-
gether in exhausted tubes. The suifhurer is an infusible black
powder, decomposable by a white heat. According to Mr. E. Davy,
who first made it in the laboratory of the Royal Institution, it con-
tains about 16 per cent. of sulphur. He supposes that there is
another combination of sulphur and platina, which may be made by
heating the precipitate from the nitro-muriatic solution by sal-ammo-
niac and sulphur together, and which contains 28 per cent. of sul-
phur.

6. Phosphorus and platinum combine with great energy, when
the phosphorus is made to act in vapour, in exhausted tubes, on pla-
tina, heated to dull redness : the combination is so violent that the
mass becomes vividly ignited. The fikosfpikoret of platina is an in-
fusible bluish gray powder with little lustre. According to Mr. E.
Davy, it contains more than 17 per cent. of phosphorus. He be-
lieves that there is a supierphosphoret of platina containing 30 per
cent. of phosphorus, made by 1'||1=:ﬂtin*f:v yellow powder procurcd
by sal-ammoniac with phosphorus ; but Bew experiments are wanting
on this result, as well as on the results of the action of sulphur on
platinum. The quantities do not correspond with the theory of de-
finite proportions; and as neither the metal nor the compounds made
can be fused under the circumstances of the experiment, it is not
possible to say that the combination is perfect; and as all such conr-
binations are decomposable by a strong heat, part of the compound
first formed may be decomposed before other parts of the mass en-
ter ifto uniom.
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of the difference of form of the bodies supposed to be elementary,
if such a step were made, must be ascertained, and the only change
in the science would be, that those substances now considered as
primary elements must be considered as secondary; but the num-
bers representing them would be the same, and they would probably
be all found to be produced by the additions of multiples of some
simple numbers or fractional parts.

11. That the forms of natural bodies may depend upon different
arrangements of the same particles of matter has been a favourite
hypothesis advanced in the earliest era of physical research, and
often supported by the reasonings of the ablest philosophers. This
sublime chemical speculation, sanctioned by the authority of Hooke,
Newton, and Boscovich, must not be confounded with the ideas
advanced by the alchemists concerning the convertibility of the
elements into each other. The possible transmutation of metals has
generally been reasoned upon, not as a philesophical research, but
as an empirical process. Those who have asserted the actual pro-
duction of the precious metals from other elements, or their decom=
position, or who bave defended the chimera of the philosopher’s stone,
have been either impostors, or men deluded by impostors. In this
age of rational enquiry it will be useless to decry the practices of
the adepts, or to caution the public against confounding the hypo-
thetical views respecting the elements founded upon distinct analo-
gies, with the dreams of alchemical visionaries, most of whom, as an
author of the last century justly observed, professed an art without
principles, the beginning of which was deceit, the progress delusion,
and the end poverty.

II. Of the Analogies between the Profierties of the firimary Com-
froundsy and on their Chemical Relations.

1. In those compounds, which contain the same ¢lement com-
bined with bases that resemble each other, a very great degree of
similarity might be expected ; and it is found that a number of se-
condary combinations ave still more analogous to each other than
any of the undecompounded bodies. Ittria and glucina, baryta and
strontia, potassa and soda are instances of bedies which, as to many
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3. In general those compounds of oxygene, the bases of which
combine with most energy, likewise exert the greatest force of at-
traction on each other ; such, for instance, are the metals of the fix-
ed alkalies in their relations to sulphur, phosphorus, arsenic, and
tellurium ; and potassa and soda readily combine with the acids ef
sulphur, phosphorus, and arsenic, and with the oxide of tellurium.

4. No refined experiments have as yet been made on the mutual
action of these compounds of chlorine and oxygene, which are capa-
ble of co-existing ; but the salts called hyperoxymuriates are sub-
stances in which clorine and oxygene exist combined with metals;
and the facility with which they are decomposed depends upon the
tendency of the metal to unite to chlorine, so as to form a binary
compound, a circumstance connected with the expulsion of the oxy-
gene. The hyperoxymuriate of potassa; when it was first formed
by Dr. Higgins, was supposed by him to be a species of nitre, from
the similarity of its obvious properties : and it is remarkable that
its composition is the same as that of nitre, except that in the first
salt there isa proportion of chlorine, and in the second one of azote.
Hyperoxymuriate of potassa consists of 1 proportion of potassium
75, 6 of oxygene 90, and 1 of chlorine 67. Nitre consists of 1 of
potassium 75, 6 of oxygene 90, and 1 of azote 26. The combina-
tions of ammonia with the compounds of chlorine, offer a class of
curious bodies to the chemical enquirery the properties of which
have never been investigated : that formed by phosphorana, and re-
ferred to page 165, is a most extraordinary substance, and its ele-
ments are combined with a degree of energy which renders it analo-
gous to a primary compound. :

5. In the combinations of anmmonia with acids and oxides, the hy-
drogene of the ammonia is always in some definite proportion to the
oxygene of the acid or oxide, so that water may be formed by the
decomposition of the compound ; this is obvious from the decom-
position of the fulminating ammoniacal metallic compounds. Ifa
solution of ammonia be poured into a solution of gold, a brown pow-
der falls down, which, when washed and dried, explodes by a gentle
heat. T caused it to detonate in small quantities in exhausted glass
retorts, and I found that the products were water, azote, and gold.
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2. The bodies that follow are arranged in the order of their attrac-
tions for oxygene, at the lowest temperature of visible ignition, after
the results of my own observations. Potassium, sodium, barium,
boran, carbon, manganesum, zinc, iron, tin, phosphorus, antimony,
bismuth, lead, sulphur, arsenic, tungstenum, azote, palladium, mer-
cury, silver, gold, platinum.

3. The attractions of bodies for chlorine follow an order very dif-
ferent, though with some exceptions ; potassium, sodium, zinc, iron,
lead, silver, antimony, bismuth, phosphorus, copper, sulphur, mer-
cury, platinum, gold.

4. The attractions of the undecompounded bodies for sulphur
have mot been determined to any extent. Potassium and sodium
seem to have the highest attraction of any substances : then iron,
copper, antimony, palladium, lead, and silver.

5. No bodies combine with phosphorus with more energy than
the metals of the fixed alkalies : and after them platinum, zinc, anti-
mony, and sulphur, appear to have the strongest attractions ; but no
very definite knowledge has been as yet obtained on the relations of
the phosphurets.

6. The general phanomena of the decomposition of the binary
compounds, by undecompounded bodies, can require no illustration.
Potassium separates chlorine and oxygene from all known bodies ;
usually it produces potassa, but sometimes by acting on compounds
containing abundance of oxygene, it forms the peroxide of potassium.
Carbon, in reducing metallic oxides, forms either carbonic acid, or
gaseous oxide of carbon, according as the oxygene is more or less
strongly attracted by the basis. When oxides are decomposed by
sulphur, sulphureous gas and sulphurets are almost always formed.

7. Some of the instances which were formerly supposed instances
of single attractions are now known to be connected with double at-
tractions. This is remarkably tha case in the production of potas-
sium, by iron, The water in the hydrat of potassa and the potassa
seem to be decomposed at the same time ; the iron unites to the oxy-
gene of both ; the hydrogene and potassa combine; and their ga-
seous compound deposits potassium on cooling.
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IV. On the Methods of separating the undecomprosed Bodies from
ecach ather.

1. General methods of separating the undecompounded bodies
from each other may be learnt from a consideration of the processes
by which they are procured; but there are other modes which ap-
ply to many of their compounds, and which are still more simple.

2. Asall the undecomposed bodies differ in the manner in which
they are affected by heat, many of them may be separated from com-
pounds, by exposing them to different temperatures. Thus oxygene,
chlorine, mercury, phosphorus, and sulphur may be detached from
many bodies by the process of ignition.

3. In most cases, however, complicated methods are necessary,
particularly in cases when the bodies are united to oxygene and acids
or to chlorine ; the compounds of chlorine differ very much in vola-
tility, and in cases when they are mixed together, they appear to act
upon each other with very little energy only: hence, if it is possible
to combine all the elements of a compound with chlorine, by the ac-
tion of the gas, or of muriatic acid, or nitro-muriatic acid, they
may be easily separated by the application of a heat gradually ins
creased. Amongst the metallic combinations, that of tin when sa-
turated with chlorine rises first, then those of arsenic, antimony,
tellurium, iron, zinc, bismuth, in the order in which they have been
named.

Silver is easily separated from solutions in which it exists by mu-
riatic acid, with the chlorine of which it forms an insoluble com-
pound ; and in the same way chlorine is separated, and its quantity
in any substance ascertained by means of solution of silver,

Oxide of iron is separated from solutions by succinate of ammonia,
with which it forms an insoluble salt. The oxides of copper, nickel,
and cobalt, are all soluble in ammonia. Those of zinc, tellurium,
tin, and platinum; in solution of potassa. Acids are separated by al-
kalies ; and alumina, silica, zircona, ittria, glucina, and the alkaline
carths, may with facility be detached from their combinations by the
action of acids, alkalies, and carbonates. Oxide of lead and baryta




















































































