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PREFACE

Tue general attention which is at present paid to
Chemistry in Britain cannot escape the most superficial
observer. The sale of three large Editions of 2 Work
so extensive as the present, within a year after the pub-
lication of each; is a decisive proof that the vptaries of
the science are numerous and daily increasing. Indeed,
it possesses such attractive charms, and sheds so benefi-
cial an influence over the arts and manufactures, that to
be welcomed and cultivated it requires only to be known:
and if we consider the number of eminent chemists at
present in the British Empire, we ‘cannot' but indulge
the most flattering hopes of ‘the future progress of the
science. Some years ago it was affirmed in a continen-
tal journal, and a chemist of eminence attached his
name to the assertion, that Britain possessed scarcely a
scientific chemist. The remark was prefixed to an ac-
count of a set of experiments on a subject of importance.
In this account many interesting facts and observations
are stated as new, though they had been almost all an-
ticipated three years before by Dr Wollaston. The
experiments of the British chemist must have been un-
known to the continental philosopher, as he observes
with regard to them the most profound silence; yet
they had appeared in the Philosophical Transactions,
the most celebrated work in England, or even in Eu-
rope. o
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AT present it is not likely that any man, how par-
tial soever to his own circle or his own country, would
hazard the ridicule of 'such an assertion. 'We can reckon
the names of not a few philosophers still worthy of the
country of Bacon and of NEwToN, where Philosophi-~
cal Chemistry first originated, who cultivate the science
with assiduity and success, and who have already en-
riched it with the most important discoveries.. Nor is
it meant to depreciate the illpstrious Ghemists on the
Contigent ; the science has been deeply indebted to theic
genius, and still requires their fostering care,  Indeed,
so important, so difficult, so vast, so infinite are the ob-
jects of Chemistry, that it can only be rapidly and suc-
cessfully improved by, the united exertions of all nas
tions, tongues, and languages.

TuE object of this Work was to facilitate, as much
as possible, the progress of Chemistry, by collecting
into one body the numerons facts which lay: scattered
through a- multiplicity of writings,, by blending with
thém the history -of -their gradual devélopmcnt, and by
accompanying the whale with exact references to the
original works in which the discaveries have been re~
gistered. . The avidity with which the work was re.
ceived, and the private or public approbation of: most
of our moest eminent Chemists, are flattering proofs that
it was naot considered as useless,

SEVERAL circumstances have retarded the appear-
ance of this Edition much longer than was eriginally
intended or expected.  Meanwhile the scicnge has been
advancing in all its departments. A numerous baud of
philosophers are devoted to it in almost every part of
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Europe ; and new and important discoveries are the na-
tural consequences of their- enlightened exertions,  No
pains have been spared by the Author to collect these
improvements ‘as they made: their - appearance, and to
render this: Edition as complete a register. as.possible
of the present state of the science. - Much curious ad-
ditional’ mattér has been' inserted in it, which was un«
known at the publication of the last Edition. The dif«
ficult communication with the Continent, and the re-
cent discovery of several very important facts, have
swelled'the Appendix to-an uonusual size.

ohiny 1o » 01 MDS

T 'was the intention of the Author to have colleeted
all these alterations and improvements, and to-have
printed them in a separate volume, for the sake of the
purchasers of the former Editions; but this plan has
been abandoned with regret, asimpracticable. The addi-
tions are so numerous, that, had they been thus collect-
ed, they would have amounted to a size too nearly ap-
proaching that of the original work, and would have
been too expensive to answer the purpose of an Appen-
dix ; nor would it have been possible, without perpe-
tual repetitions, to have wronght them into any thing
like a connected series.

Mucn pains have been taken to render every part of
this Edition, and especially the numerous Tables which
it contains, as correct as possible: But in a work of
such extent, and necessarily embracing such a vast va-
riety of matter, errors, both from ignorance and inat-
tention, are perhaps unavoidable. The Authorlay under
considerable obligations to several of his friends, and
likewise to different men of eminence with whom he
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was not personally acquainted, who took the trouble
to send him lists of mistakes committed in the former
Edition; -and thus enabled 'him to correct errors which
might otherwise have passed undiscovered by:the Au-
thor himself. i To some of ithe same gentlemen- he is
indebted for a variety .of ‘new and important. chemical
facts, which had not been previously published to the
world. = . , gils 3

THE last volume, in consequence of the great length
of the Appendix, swelled ontunexpectedly tosuchasize,
that it was thought expedient, for the sake of unifor-
mity in the bulk of the volumes, to place the Index at
the end of the first rather than of the last volume,
where 1t usually stands.
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| f&S soon as man begins to think and to reason, the difs
ferent objects which surround him on all sides naturally
!‘! engage his attention. He cannot fail to be struck withg, 40 o
*!"thcir number, diversity, and beauty ; and naturally feelgnature
a desire to be better acquainted with their properties and
uses. - If he reflect also, that he himself is altogether de-
. pendent upon these objects, not merely for his pleasures

-and comforts, but for his very existence, this desire must
become irresistible.  Hence that curiosity; that eager

thirst for knowledge; which animates and distinguishes
generous minds. A

. ‘Natural.obj‘ecté present themselves to our view in tWo Djvided ins
different ways ; for we may consider them; either as se;;‘;gi:z;’gm
parate individuals, oras connected together and depend:

ing upon each other: In the first case, we contemplate

Nature as in a state of rest, and consider objects merely

as they resemble one angther, or as they differ from one

another : in the second, we examine the mutual action of
substances on each other, and the changes produced by

that action. The first of these views of objects is distin=

Vor. I - 5 A

-
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Of two
kinds, viz.

Mechanical
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guished by the name of Natural History ; the second, by
that of Sczence.

Natural science, then, is an account of the events which
take place in the material world. But every event, or,
which is the same thing, every change in bodies, indi-
cates motion ; for we cannot concelve change, unless at
the same time we suppose motion. Stience, then, is in

fact an account of the different i'q‘otiom to which bodies

are subjected, in consequence of their mutnal action on
cach other. !
Now bodies vary exceedingly in their distances from
each other. Some, as the planets, are separated by many
millions of miles ; while others, as the particles of which
water is composed, are so near each other, that we cannot,
by our senses at least, perceive any distance between them ;

and only discover, by means of certain properties which

they possess, that they are not in actual contact.  But the
quantity of change or of motion, produced by the mutual
action of bodies on each other, must depend, in some

measure (at least, upon their distance from one another. '

If ‘that distance be great enough'to be perceived by the
eye, and consequently to admit of accurate measurement,
every change in it will also be perceptible, and will ad=
mit of measurement. But when the distance between
two bodies istoo small to be perceptibl'e’b}' our senses, it
is evident that no change in that distance can be percep-
tible ; and consequently every relative motion in such bo-
dies must be insensible.

Science therefore naturally divides igself into two great

philosoj by branches: the first, comprehending allthose natural events

and chemis-

try.

which are accompanied by sensible motions; the second,
all those which are not accompanied by sensible motions:
The first of these branches has been'long distinguished in
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Bntam by thé name of Natural P/szosapby, and of late
by ;hc more proper 1ppellatlon of Mechanical Philosophy ;
the s second is known by the name of Chemistry.

'CHEMISTRY, then; is that Science which treats of those Definition
events or changes in natural bodies which dre zo¢ accom- :’,f} -
' panied by sensible motions.

Chemical events aré equally numerous, and fully asitsimport-
important as those which belong to mechanical philoso- 4
phy : for. the science comprehends under it almost all
the changes in natural objects with which we are more
immediately connected, and in which we have the great-
est interest. . Chemistry therefore is highly worthy of our
attention, not merely for its own sake, because it increases
our, knowledge, and gives us the noblest display of the
wisdom and goodness of the Author of Nature ; but be-
cause it adds to our resources, by extending our dominion
over the material world, and.is therefore calculated to
promote our enjoyment and augment our powers

As a science, it is intimately connected with all the
phenomena of nature ; the causes of rain, snow, hail, dew;
wind, earthquakes, even the changes of the seasons, can
never be explored with any chance of success while we
are ignorant of chemistry : and the vegetation of plants,
and some of the most important functions of animals, have
received all their illustration from the same source.
No study can give us more exalted ideas of the wisdom
and goodness, of the Great First Cause than this; which
shows us everywhere the most astonishing effects produced
by the most simple though adequate means, and displays
to our view the great care which has everywhere beent
taken to secure the comfort and happiness of every living
creature. As an art, it is intimately connected with all
our manufactures: The glass-blower, the potter; the smith;

A2
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and every other worker in metals, the tanner, the soap-
maker, the dyer, the bleacher, are really practical che-
mists; and the most essential improvements have been
introduced into all these arts by the progress which che-
miistry has made as a science. Agriculture can only be
itproved rationally, and certainly, by calling in the assist-
ance of chemistry ; and the advantages which medicine
has derived from the same souree, are too obvious to be
pointed out.

The word CHEMISTRY seems to be of Egyptian origin,
and to have been originally equivalent to our ‘phrase
natural philosophy in its most extensive sense, compre-
hending all the knowledge of natural objects which the
ancients possessed. In process of time it seems to have
acquired a ‘more limited signification, and to have been
confined to the art of working metals®. This gradual
change was no doubt owing to the immense importance
attached by the ancients to the art of working metals. The
founders and improvers of it were considered as the great-
est benefactors of the human race; statues and temples
were consecrated to their honour ; they were even raised
above the level of humanity, and enrolled among the num-
ber of the gods. ‘

How long the word chemistry retained this new signi-
fication, it is impossible to say; but in the third century
we find it used in'a still more limited sense, signifying
the art of making gold and stlver. The cause of this new
limitation, and the origin of the opinion that gold can be
made by art, are equally unknown. Chemistry, in this
new seuse, appears to have been cultivated with consider-

* Our English word pbysician has undergone a similar change,
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able eagerness by the Grecian eccleésiastics, to have pass-

ed from the Greeks to the Arabians, and by the Arabians

to have been brought into the west of Furope. Those

who professed it gradually assumed the form of a sect,

under the name of ALCHYMISTS; a term which is sup- The Al-
posed to be merely the word chemist, with the 'Xrabxandymm'
acticle a/ prefixed.

The alchymists laid it down as a principle, that all
metals are composed of the same ingredients, or that the
substances at least, which compose gold, exist in all me-
tals, contaminated indeed with various impurities, but ca-
pable, by a proper purification, of being brought to 2
perfect state. “The great object of their researches was to
find out the means of producing this change, and conse-
quently of converting the baser metals into gold. The
substance which possessed this wonderful property they
| called lapis philosophorum, “ the philosophers stone ;" and
many of them boasted that they were in possession of that
grand instrument,

Chemistry, as the term was used by the alchymists, sig- Their opi
nified the art of making the philosophers stone. Theymom
affirmed that this art was above the reach of the human
capacity, and that it was made known by God to those
happy sages only whom he peculiarly favoured. The
fortunate few who were acquainted with the philosophers
stone called themselves adepti, ¢ adepts;” that is, per-
sons who had got possession of the secret. This secret
they pretended they were not at liberty to reveal ; affirm-
ing, that dire misfortune would fall upon that man’s head
who ventured te disclose it to any of the sons of men
without the clearest tokens of the divine authority.

In consequence of these notions, the alchymists made it
a rule to keep themselves as private as possible. They
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concealed, with the greatest care, their opinions, their
knowledge, and their pursuits, In their communications
with each other, they adopted a mystical and metaphori-
cal language, and employed peculiar figures and signs,
that their writings might be understood by the adepts on-
ly, and might be entirely unintelligible to common read-
ers. Notwithstanding all these obstacles, a great number
of alchymistical books made their appearance in the dark
ages ; many of them under the real names of the authors;
but a still greater number under feigned titles, or ascribed
to the celebrated sages of antiquity.

How far alchymy had extended among the ancients, or
whether it had even assumed the form of a sect, cannot be
ascertained, Traces of it appear among the Arabians,
who turned their attention to literature soon after the con-
quests of the Caliphs, and who communicated to our bar-
barous ancestors the first seeds of science. The principal
chemical writers among the Arabs were Geber and Avi-
cenna ; and in their writings, such of them at least as we
have reason to consider as authentic, there appears but lit-
tle of that m_ysticisn{ and enigma which afferwards as-
sumed a systematic form.

The alchymists seem to have been established in the
west of Europe as early at least as the gth century. De-
tween the 11th and 15th centuries, alchymy was in its most
flourishing state. The writers who appeared during that
period were sufficiently numerous, and very different from
each other both in their style and abilities, Some of their
books are altogether umntelhglble, and bear a stronger
resemblance to the reveries of madmen, than to the sober
mvest.gatlons of philosophers. Others, if we make al-
lowance for their metaphorical style, are written with
comparative plainness, display considerable acuteness, and
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indicate a pretty extensive acquaintance with natural ob-
jects. . They often reason with great precision, though

erally from mistaken principles; and it is frequently
zy enough to see the accuracy of their experiments, and
even to trace the particular circumstance which led to
their wrong conclusions.

The principal alchymists who flourished during the
dark ages, and whose names déserve to be recorded, either
on account-of their discoveries, or of the influence which.
their writings and example had in determining the public
taste, were Albertus Magnus, Roger Bacon, ‘Arnoldus de
Villa Nova, Ragymond Lully, and the two Isaacs of Hol-
land *,

. The writings of the greater number of Alchymists are And wri-

remarkable for nothing but obscurity and absurdity.
They all boast that they are in possession of the philoso-

s

t

¥ Albertus Magnus was a German. He was born' in the year 12053,
and died in 1280. ' 'His works are numerous ; but the most curicus of them
is his tract entitled De Alchymis, which contains a very, distinet view of
the state of chemistry in the 1 3th'ccutur}

Roger Bacon was born in the county of Somerset in Frgland in 1224.
His neerit is too well known to rcquire any panegyric. The greater num-
ber of his writings are exceedingly obscure’and even niystical; but he ge~
nerally furnishes us with a key for their explauation., Some of them ex-
hibit a wonderfully enlightened mind for the age m which he wrote.  His
tract De mirabili Potestate Artis et 1\ ature would have done honour to
Lerd Bacon himself.

Arnaldus de Villa ‘Nova is believed 0 have been bora in Provence, a<
bout the year 1240. His reputation was very high ; but all of hiswritings
that 1 have examined are exceedingly obscure, and often net intelligible.

Raymond Luily was born at Barcclona in 1235, His writings are still
more obscure than those of Arnold. =~ T : af

Itis ‘not known at what period-the Isaacs of Holland lived, though it.is
suppesed to have been in the 13th cettury. 't
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phers stone ; they all profess to communicate the method
of making it; but their language is enigmatical, that it
may be understood by those adepts only who are favoured
with illumination from heaven. Their writings, in those
benighted ages of ignorance, gained implicit eredit ; and
the covetous were filled with the ridiculous desire of en-
riching themselves by means of the discoveries which
they pretended to communicate. This laid the unwary
open to the tricks of a set of impostors, who went about
the warld, affirming that they were in possession of
the secret of the philosophers stone, and offering to com-
municate it to others for a suitable reward. Thus they
contrived to get possession of a sum of money ; and afs
terwards they either made off with their booty, or tired
out the patience of their pupils by intolerably tedious, ex-
pensive, and ruinous processes. It was against these men
that Erasmus directed his well-known satire, entitled,
¢ The Alchymist.” The tricks of these impostors gra-
dually exasperated mankind against the whole fraternity
of alchymists. Books appeared against them in all quar-
ters, which the art of printing, just invented, enabled the
authors to spread with facility ; the wits of the age direct-
ed against them the shafts of their ridicule; men of sci-
ence endeavoured to point out the impracticability, or at
least the infinite difficulty of the art; men of learning
rendered it probable that it never had been understood ;
and men in authority endeavoured by laws and punish-
ments to guard their subjects from the talons of alchymis-
tical impostors.

Chemists had for many ages hinted at the importance
of discovering 2 universal remedy, which should be capa-
ble of curing, and even of preventing all diseases; and
several of them had asserted that this remedy was to he
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found in the philosophers stone, which not only con-
verted baser metals to gold, but possessed also the
most sovereign virtue, was capable of| curing all disea-
ses in an instant, and even of prolonging life to an inde-
finite length, and of conferring on the adepts the gift of
immortality on earth, This notion gradually gained
ground ; and the word chemistry, in consequence, at
length acquired 2 more extensive sign’iﬁcatib’n, and im-
plied not only the art of making gold, butthe art also
of preparing the universal medicine ™.

Just about the time that the first of these hranches
was sinking into discredit, the second, and with it the
study of chemistry, acquired an unparalleled degree of
celebrity, and attracted the attention of ail Europe.
This was owing 'to the appearance of Theophrastus
Paracelsus. ' This extraordinary man, who was born
in 1493, near Zurich in Switzerland, was, in the 34th
year of his age; after 2 number of whimsical adven-
tures, which had raised his reputation to 2 great height,
appointed by the magistrates of Basil to deliver lectures
in their city ; and thus was the first public Professor of
chemistry in Europe. In two years he quarrelled with
the magistrates, and left the city ; and after running
through a complete career of absurdity and debauchery,
died at Salzburg in the 47th year of his age.

The character of this extraordinary man is univer-
sally known. That he was an impostor, and boasted

¥ The first man whe formally applied chemistry to medicine was
Basil Valentine, who is said to have been born in 1394, and to have been
a Benedictine Monk at Erford in Germany. His Currus triumpbalis An-
timonii is the most famous of his treatises. In it he celebrates the virtues
of antimonial medicipes, «f which he was the original discoverer.
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of secrets which he did not possess, cannot be denied;
that he stole many opinions, and even. facts, from
others, is equally true: his arrogance was unsupport-
able, his bombast ridiculous, and his whole life a con-
tinued tissue of blunders and vice. = At the same time,
it- must be acknowledged that his talents were great,
and that his labours were not entirely useless. He con-
tributed not a little to dethrone Galen and Avicenna,
who at that time ruled over medicine with absolute
power ; and to restore Hippocrates and the. patient ob-
servers of Nature to that cha'r, fiom which they ought
never to have risen. - He certaisly gave chemistry an
eclat which it did not before possess; and this must have
induced many of those lahorious men, who succeeded
him, to turn their attention to the science. Nor ought
we to forget that, by carrying his speculations con-
cerning the philosophers stone, and the universal medi-
cine, to the greatest height of absurdity, and by exem-
plifying their emptiness and uselessness in his own per-
son, he undoubtedly contributed more than any man
to their disgrace and subsequent banishment from the
science.

Van Helmont, who was born in 1577, may be con.
sidered as the last of the alchymists. His death com-
pleted the. disgrace of the universal medicine. His
contemporaries, and those who immediately succeeded
him, if we except Crollius and a few other blind admi-
rers of Paracelsus, attended solely to the improvement
of chemistry. The chief of them were Agricola, Be-
guin, Glaser, Erkern, Glauber, Kunckel, Boyle, &c.

The foundations of the alchymistical system being
thus shaken, the facts which had been collected soon
became a heap of rubbish, and chemistry was left witha
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out any fixed principles, and destitute of an object. It
was then that a man arose thorougly acquainted with
the whole of these facts, capable of arrangmg them,
might be apphed and able to poirt out the propet ob-
jects to which 'the researches of chemists ought to be
directed, This man was BEccrer. He accomplished
the arduous task in his work entitled Physica 'Srzﬁ;er.
ranea, published at Francfort in 1669. The publica-
tion of this book forms a very important era in the hls-
tory of chemlstry It then escaped for ever from the
trammels of alcbymy and became the rudiments of the
science which we find it at present

Ernest Stahl, the editor of the ij.rica Subterranea, :

adopted, soon after Beccher’s death, the theory of his
master ; but he simplified and 1mproved it so much,
that he made it entirely his own ; and accordingly 1 it
has been always dlstmgulshed by the name of.the
Stahlian Theory.

Ever since the days of Stahl, chemistry has been cul-
tivated with ardour in Germany and the North; and
the illustrious philosophers of these countries have con-.
tributed highly towards its progress and its rapid im-
provement. The most deservedly celebrated of these
are Margraf, Bergman, Scheele, Klaproth, &ec.

In France, soon after the establishment of the Aca-
demy of Sciences in 1666, Homberg, Geoffroy, ami
Lemery, acquired celebrity by their chemical experi-
ments and discoveries ; and after the new-modelling of
the Academy, chemistry became the peculiar object of
a part of that illustrious body. Rouelle, who was made
Professor of chemistry in Paris about the year 1745,
contrived to infuse his own enthusiasm into the whole

11

Tts progress,
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body of the French literary men ; and from that mo-
ment chemistry became the fashionable study. Men
of eminence appeared everywhere, discoveries multi-
plied, the spirit pervaded the whole nation, extended
itself over Italy, and appeared even in Spain.

After the death of Boyle and of somé other of the ear-
lier members of the Royal Society, little attention was
paid to chemistry in Britain except by a few indivi-
duals. The spirit which Newton had infused for the
mathematical sciences ‘was_so great, that for many
years they drew within their vortex almost every man
of eminence in Britain. But when Dr Cullen became
Professor of Chemisfry in Edinburgh in 1756, he Kin-
dled a flame of enthusiasm among the students, which
was soon spread far and wide by the subsequent disco-
veries of Black, Cavendish, and Priestley ; and meet-
ing with the kindred fires which were already burn-
ing in France, Germany, Sweden, and Italy, the sci-
ence of chemistry burst forth at once with unexampled
lustre. Hence the rapid progress which it has made
during the last fifty years, the universal attention which
it has excited, and the unexpected light which it has
thrown on several of the most important arts and ma-
nufactures. :

And pre- The object of this Wark 1is fo exhibit as com-
8CLit statc. . .
plete a view as possible of the present state of che-
mistry ; and to trace, at the same time, its gradual
progress from its first rude dawnings as 2 science, to the
improved state which it has now atiained. By thus
blending the history with the science, the facts will be
more easily remembered, as well as better understood ;
and we shall at the same time pay that tribute of re-
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PART FIRST.

PRINCIPLES

OF

CHEMISTRY.

Thue object of chemistry i I, to ascertain the ingre-
dients of which bodies are c0mposcd ; to examine the

compounds  formed by the combination of these irigre-
dients; and to investigate the nature of the power”

which' occasions these combinations.

The science therefore naturally divides itself into
three parts: 1. A description of the component parts of
bodies, or of simple substances as they are called. 2. A
description of the compound bodiesformed by the union
of simple substances: - 3. An account of the nature of
the power which occasions these combinations. This
power is known in chemistry by the name of AFFINITY.
These three particulars will fox‘m the subject of the
three followmg Books.

Object of
dwm.try
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BY simple substances is not meant what the ancient

. philosophers. called elements of bodies, or particles of

matter incapable of farther diminution or division.
They signify merely bodies which have not been de-
compounded, and which no phenomenon hitherto ob-
served indicate to be compounds. Very possibly the
bodies which we reckon simple may be real compounds ;
but till this has actually been proved, we have no right
to suppose it. ~Were we acquainted with all the eles
ments of bodies, and with all the combinations of which .
these elements are capable, the science of chemistry
would be as perfeet as possible ; but 4t present this is
very far from being the case.

The simple substances: at present:known amount to
about 48, and.naturally divide themselves into two
classes.. The bodies belonging to the first class can
be confined in proper vessels, and of course exhibited
in a separate state. Those which belong to the second
class are of two subtile a nature to be confined by any of
the vessels which we possess. They cannot, therefore,
be exhibited in 2 separate state ; and their existence is
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DIVISION 1.

OF

CONFINABLE BODIES.
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Divisien. THE confinable bodies, amounting at present to 46,
may be arranged under the following heads :

1. Simple supporters of combustion,
2. Simple combustibles,

3. Simple incombustibles,

4. Metals.

These classes of bodies shall be treated of in their ordes
in the four following Ghapters.

‘



SUPPORTERS OF COMBUSTIOR.

CHAP. L

OF SIMPLE SUPPORTERS OF COMBUSTION.

10

The tetm supporter of combustion 1 apply to those Definitlon.

substances which must be present before combustible
bodies will burn. Thus a candle will not burn unless
it be supplied with a sufficient quantity of common aur.
Common air, then, 1s a supporter of combustion. But
we are acquainted with several other substances besides
common alr, which answer the same purpose, and the
term supporter is applied to them all. By simple sup-
porters we understand such of those bodies as have not
hitherto been decompounded.

One simple supporter only 1s at present known, name-
ly, oXYGEN ; so that the first of our classes includes
under it only one substance ; but a substance which acts
so tmportant a part in the phenomena of chemistry,
that it is proper to become acquainted with it as early
as possible. It will form the subject of the following
Section.
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SECT. I,

OF‘OXYGEN.

Oxyorx may be obtained by the following pro-
cess :

Procure an iron bottle of the shape A (fig. 1.), and
capable of holding rather more than an English pint.
To the mouth of this bottle an iron tube bent like B
(fig. 2.) is to be fitted by grinding. A gun barrel de-
prived of its butt-end answers the purpose very well.
Into the bottle put any quantity of the black oxide of
manganese * in powder; fix the iron tube into its
mouth, and the joining must be air-tight ; then put the
bottle into a common fire, and surround it on ail sides
with burning coals. The extremity of the tube must
be plunged under the surface of the water with which
the vessel C (fig. 3.) is filled. This vessel may be of
wood or of japanned tin-plate. It has a wooden shelf
running along two of its sides, about three inches be-
low the top, and an inch under the surface of the wa-
ter. Inone part of this shelf there is a slit, into which
the extremity of the iron tube plunges. The heat
of the fire expels the greatest part of the air contained
in the bottle. It may be perceived bubbling up through

* This substance shall be afterwards described. It is now very well
known in Britain, as it is in common use with bleachers and several other
manufacturers, from whom it may be easily procured.
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the water of the vessel G from the extremity of the iron
tube. At first the air bubbles come over,in torrents ;
but after having continued for some time they cease al-
together. Meanwhile the bottle is becoming gradually
hotter. - When it is obscurely red the air-bubbles make
their appearance again, and become more abundant as
the heat increases. This is the signal for placing the
glass jar D, open at the lower extremity, previously fill,
ed with water, so as to be exactly overthe open end of
the gun-barrel. - The air bubbles ascend to the top of
the glass jar D, and gradually displace all the water.
The glass jar D then appears to be empty, but is in
. fact filled with air, It may be removed in the follow-
ing -manner;: Slide it away a little from the gun-
barrel, and then dipping any flat dish into the water be-
" low it, raise it on the dish, and bear it away. The dish
must be allowed to retain a quantity of water in it, to
prevent;the air from escaping (seefig. 4.) Another jar
may, then  be filled with air in the same manner; and
this process may be continued either till the manganese
ceases to give out air, or till as many jarfuls have been
obtained as are required *. This method of obtaining
and confining air was first invented by Dr Mayow, and
afterwards much improved by Dr Hales. All the airs
obtained by this or any other process, or, to speak more
properly, all the airs differing in their properties from
the air of the atmosphere, have, in order to distinguish

% For a more exact description of this and similar apparatus, the
reader is referred to Liavoisier’s Elements of Chemistry, and Priestley on
Airs, and above all to Mr Watt’s: description of a prexmatic apparatus,
in Beddoes® Considerations on Factitions Airs.

Chap. I
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them from it, been called gases ; and this name we shall
afterwards employ * w

Oxygen gas may be obtained likewise by the follow-
ing process:

D (infig. 5.) represents a wooden trongh, the inside
of which is lined with lead or tinned copper. C'is
the - cavity of the trough, which ought to be a foot
deep. Tt is to ‘be filled with water at least an inch
above the shelf AB, which runs along the inside of it,
about three inches from the top. In the body of
the trough, which may be called the cistern, the jars
-destined to hold gas are to be filled with water, and
then to be lifted and placed inverted upon the shelf
at B. ' This trongh, which was invented by Dr
Priestley, has been called by the French chemists the
pneumdi‘ico-cbmiical, or simply pneumatic apparatus, and
is extremely useful in all' experiments in which
gases are concerned. Into the glass vessel E put 2
quantity of the black oxide of manganese in powder,
and pour over it as much of that liquid which in
commerce 1s called o2/ of witrio/, and in chemistry sul-
phuric acid, as is cufficient to form the whole into 2
thin paste. Then insert into the mouth of the vessel

* The word gas wes first introduced into chemistry by Van Helmont :
He scems to have intended to dencte by it every thing which is driven
ff from bodies in the state of vapour by heat. e divides geses into five
classes. ¢ Nescivit, inquam, schola Galenica hactenus differentiam inter
gas ventosum (quod micre aer est, id est, ventus per syderum blas com-
motus), gos pingue, gas siccuin, quod sublimatum dicitur, gas fuligino.
sum, sive endimicum, et gas sylvestre, sive incoercibile, quod in corpus
cogi non potest visibile.”  Pan Helmont de Flatibus, § 4. Macquer seems
ro have introduced the word itito the language of modern chemistey,
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the glass tube F, so closely that no air can escape except . Chap. I
g ’ y P Pt )

through the tube. This may be done either by grind-
ing, or by covering the joining with a little glazier’s
putty, and then laying over it slips of bladder or linen
dipped in glue or in a mixture of the white of eggsand
quicklime. The whole must be made fast with cord*.
The end of the tube F is then to be plunged into the
pneumatic apparatus D, and the jar G, previously filled
with water, to be placed over it on the shelf. The
whole apparatus being fixed in that situation, the glass
vessel E is to be heated by means of 2 lamp or a candle.
A quantity of oxygen gas rushes along the tube F, and
fills the jar G.  As soon as the jar is filled, it may be
slid t6 another part of the shelf, and other jars substi-
tuted in its place, till as much gas has been obtained as
is ‘wanted.  The last of these' methods of obtaining
oxygen gas was discovered by Scheelet, the first by
Dr Priestley 1.

* This processgby which the joinings of vessels sre made air-tight, is
called Jutirg, and the substances used for that purpose are called Juzes. The
fute most commionly used by chemists, when the vessels are exposed to
heat, is fat lute, made by beating together in a mortar fine clay and boil-
ed linseed vil. Bees wax, melted with about one-cighth part of turpen-
tine, answers very well, when the vessels are not exposed to heat. The
accuracy of chemical experiments depends almost entirely in many cases
upon securing the joinings properly with luting, The operation is al-
ways tedious ; and some practice is necessary before one can succeed in
luting accurately. Some very good directions are given by Lavoisier,
See his Elements, Part iii. chap. 7. In many cases luting may be avoided
aleogether by using glass=vessels properly fitted to each other by grinding
them with emery.

4+ On Air and Fire, p. 43 Engl. Trans,
§ Priestley en dir, iio 1540
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The gas which e have obtained by the above pro-
cesses was discovered: by Dr Priestley on the: 1st of
August 1774, and: called b_y;him depblogisticated air.
MrScheele of Sweden discovered it before 1777, without
any previous knowledge of what Dr Priestley had d@n{;;
he gave it the name of émpypreal air®. Condorcet gave
it first the name of vitel air ; and Mr Lavoisier after=
wards called it oxpgen gas ;. a pame which is now ge-
netally received, and which we shall adopt...ii

1. Oxygen gas is colourless, and invisible like com-
mon air. - Like it, tooyit is clasdc, and capable of inde-~
finite ‘expansion and compression.

2. If:a Jighted taper belet,down into a phial ﬁlled
with oxygen gas, it burns with such splendour that the
eyé can scarcely bedr the glagé of light, and at the same
time produces a mnch.greater, heat than when burning
In common air.’ . It is well known that a candle put in-
to a well-closed jar filled with common ajr is extinguish-
ed in a few seconds.  This is the case also with a candle
inclosed in oxygen gas; but it burns much longer in an
eqml quantity of that gas than of common air.

. It was proved long ago by’ Boyle, that ammals
cannot live without air, and by Mayow that they. can-
not breathe the same air/for any length of time without
suffocation. Dr" Priestley” and several other philoso-
phers have shown us, that animals live much longer in
the same quantity of oxygen gas than of common air.
Count Morozzo placed a number of sparrows, one af-
ter another, in a glass bell filled with common air, and
inverted over water. Byit

¥ Scheele on Air and Fire, p. 34. Engl. Trans,
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. The first sparrow Livéd cieaniteiss 3Q
IR SCOORT s e oo o sravenminse ohaze. av o o 05 530
‘_c'The thkd_-‘_ln.-o-.-n.-oo---.--.0 1

. : }{c{ﬁikd-the same glass with.oxygen gas, and repeat-
ed the experiment.

; Jin '-.J. v 3 JORE . 1{'1\1‘
The ﬁrst,.ipsrrqw; Jiyed sk s vida-nicds 23
The.. s,ecop,d St 25 b ok wrereans e a2, 10
Iinwabbanthind o ous fisie s waanes e meness:l 30
U RN EN R SO W 1\
Bliaitihy asis » woesmants 305 xbivsQ 5307
s B SIXtH e dinscbar s aon el omis viwosldsae 0 4T,
v The seventh lseme cpaesereanseeess 0 27
i Ehegightlhivesd caodinames spie vo's wme 0:030
cooi The ninth cusnavios ssssascnscnens 0 22
s3 The tenthiyy voessesssannnsontnes 0 21
TR .
.He then put i two mgether 5 the one dlcd in 20 mi-
_nutes, but the other lived an hour longer.
14, It has been ascertained by, experiments, which
shall be afterwards related, that atmospherical air con-
tains 21 parts in the hundred (in bulk) of oxygen gas;
and that no substance will burn in common air previ-
ously deprived of all the oxygen gas which it contains.
-But combustibles burn with great splendour in oxygen
gas, or in other gases to which oxygen gas has been
‘added. Oxygen gas, then, is absolutely necessary for
combustion. .
5. It has been proved also, by many experiments,

Exists
the atmos~
there.
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that no breathing animal can live for a moment in any
air or gas which does not contain oxygen mixed with
it.  Oxygen gas, then, is absolutely necessary for re-
spiration.

6. When substances are burnt in exygen gas, or in
any other gas containing oxygen, if the air be examined
after the combustion, we shall find that a great part of
the oxygen has disappeared. If charcoal, for instance,
be burnt in oxygen gas, there will be found, instead of
part of the oxygen, another very different gas, known
by the name of ea bonic acid gas. Exactly the samé
thing takes place when air is respired by animals; part
of the oxygen gas disappears, and its place is occupied
by substances possessed of very different properties.
Oxygen gas then undergoes some change during com-
bustion, as well as the bodies which have been burnt ;
and the same observation applies also to respiration.

7. Oxygen gas is somewhat heavier than common
air.  If the specific gravity of common air be reckon-
ed 1°000, that of oxygen gas, as determined by Mr
Kirwan, is 1:103*. With this result the statement of
Lavosiert+ agrees exactly. But Mr Davy found ita
little heavier ; and Fourcroy, Vauquelin, and Seguin,
found it a little lighter. Tts specific gravity, accord-
ing to Mr Davy’s experiments, is 1°127F; according

* On Fblogistsn, p. 25.

t Elemints, Appendix. See also Kirwan on pblogiston, p. 37. of Nichol-
son’s translation.

1 Davy’s Researcbes, p. 8. Mr Davy’s oxygen gas was procured from
oxide of manganese. It is possible that it contained a littie carbonic acid
gas. Thetests used would not have excluded that body. This would
explaia'its greater specific gravity.
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to ‘the French'chemists, 1:087*. At the temperatare
of 60°, and when the barometer stands at 30 inches,

100 cubic inches of common air weigh very nearly 31
grainst. 100 inches of oxygen gas, at the same tem-
perature and pressure, weigh, according to Kirwan and
Lavoisier, 34 grhins; according to Mr Davy, 34-74
grains ; and according to Fourcroy, Vauquelin, and Se-
guin, 33°69 grains.

8. 'Oxygen gas is not sensibly absorbed by water,
though jarfuls of it be left in contact with that liquid.
Tt has been ascertained, however, that water does in
reality absorb a small portion of it, though not enough
to occasion any perceptible diminution in the bulk of
the gas. When water is freed from all air by boiling,
and the action of the air pump, Dr Henry ascertained,
that 100 cubic inches of it will imbibe 355 inches of
oxygen gasf. By forcing oxygen gas into a bottle
of water by means of strong pressure, the water may be
made to absorb about half its bulk of that gas, and to
retain it in solution.  This experiment was first made
by Mr Paul, a celebrated preparer of mineral waters,
now settled in London. 'Water thus iinpregnated does
ot sensibly differ from common water either in taste
or smell, yet it has been found a valuable remedy in
several diseases §.

* Ann. de Chim.ix. 34,

+ Sir John Shuckburgh Evelyn, as quoted by Kirwan on pllogisten,
P23

t Pbil. Trans. 1803, p. 174.

§ See DrOdier’s observations on it in the 8th and roth vols of the
FLiblictkeque Britannigue ; and the Appendix to Mr Paul’s little publica-
tion on his Artifcial 2lineral Waters,

27
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9. Oxygen i3 capable of combining with a great num-
ber of bodies, and of forming compounds.. 'As tlie com-
bination of substances with each other is of the utmost
Importance in chemistry, befote we proceed farther it
will be proper to explain it. When commen salt is
thrown into'a vessel of pure water, it melts, and very
soon'spreads itself throngh the whole of the liquid, as
any one may convince himself by the taste. In this
case the salt is combined with the water, and cannot

| afterwards be separated by filtration, or any other me-

thod merely mechanical. It may, however, by a very
simple process: Pour into the solution a quantity of
3pirit of wine, and the salt falls slowly to the bottom in
the siate of a very fine powder.

Why does the salt dissolve in water ? and why does
it fall to the bottom on pouring in spirit of wine?
These questions were first answered by Sir Isaac New-
ton. ‘There is a certain attraction between the particles
of common salt and those of water, which causes them
t0 unite together whenever they are presented to one
another.. There is an attraction also between the par-
ticles of water and of spirit of wine, which equally dis-
poses them to unite, and this attraction is greater.than
that between the water and salt ; the water therefore

leaves the salt to unite with the spirit of wine, and

the salt, being now unsupported, falls to the ground by
its gravity. ‘This power, which disposes the particles

of different bodies to unite, was called by Newton az- -

#raction, by Bergman elective attraction, and by many
of the German and French chemists affinrty * ; and

b

* The word afinity scems first to have been introduced into science
by Dr Hooke. See his Micrographia,




OXYGEN.

this last term is now employed in preference, because
the other two are rather general. All substances which
are capable of combining together are said to have an
affimity for each other: those substances, on the con-
trary, which do not unite, are said to have no affinity
for each other. Thus it is said that there is no affinity
between watet and oil. = It appears from the instance
of the common salt and spirit of wine, that substances
differ in the degree of their affinity for other substan-
ces, since the spirit of wine displaced the salt and uni-
ted with the water. Spirit of wine therefore has a
stronger affinity for water than commeon salt has.

In 1719, Geoffroi invented a method of representing
the different degrees of affinities in tables, which he
called ¢ables of affinity. His method consisted in pla-
cing the substance whose affinities were to be ascer-
tained at the top-of a column, and the substances with
which it united below it, each in the order of its affini-
ty ; the substance which had the strongest affinity next
it, and that which had the weakest farthest distant, and
so of the rest. According to this method, the affinity
of water for spirit of wine and common salt would -be
marked as follows :

WATER.

Spirit of wine
Common salt.

This method was universally adopted, and has contri-
buted very much to the rapid progress of chemistry.

We shall see as we proceed the order which sub-
stances follow in their affinity for oxygen.

Chap. 1.
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CHAP. II.

OF SIMPLE COMBUSTIBLES.

By combustibles T mean substances capable of combus-
tion ; and by simple combustibles, bodies of that nature
which have not hitherto been decompounded. These
bodies are only four in number ; namely, HYbproGEN,
CareovN, PHospHORUS, and Svrenur. The metals
might indeed be classed among combustible bodies ;
but the greater number of their properties are so differ-
ent from those of the four bodies just mentioned, that it
is proper to consider them by themselves as a distinct
class of bodies. All our classifications are in fact arti-
ficial ; Nature does not know them, and will not sub-
mit to them. They are useful, however, as they ena-
ble us to learn a science sooner, and to remember it bet-
ter; but if we mean to derive these advantages from
them, we must renounce a rigid adherence to arbitrary
definitions, which Nature disclaims.



HYDROGEN.

SECT. 1.

OF HYDROGE N,

HYDROGEN, the first of the simple combustibles, may
be procured by the following process.

_Into a retort having an opening at A * (fig. 7.), put
one part of iron filings ; then shut the opening A with a
cork, through which a hole has been previously drilled
by means of a round file, and the bent funnel B passed
through it. Care must be taken that the funnel and
cork fit the retort so as to be air-tight. Plunge the
beak of the retort C under water; then pour through
the bent funnel two parts of sulphuric acid previously
diluted with four times its bulk of water. Immediate-
1y the mixture begins to boil or ¢ffervesce with violence,
and air-bubbles rush abundantly from the beak of the
retort. Allow them to escape for a little, till you sup-
pose that the common air which previously filled the
retort has been displaced by the newly generated air.
Then place an inverted jar on the pneumatic shelf over
the beak of the retort. The bubbles rise in abundance
and soon fill the jar. The gass obtained by this process
is called bydrogen gas. 1t was formerly called nflam-
mable air, and by some chemists phlogiston.

It may be procured also in g'reat abundance and pu-
rity, by causing the steam of water to pass througl a

* Such retorts aye called #ubulated by chemists.
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nﬂggiz; red hot iron tube. This gas being sometimes emitted

‘e~ in considerable quantities from the surface of the earth
in mines, had occasionally attracted the notice of ob-

Discovery  servers®, and indeed was the dread of miners under the
name of fire damp. Mayow+, Boylei, and Hales, pro-
cured it in considerable quantities, and noted a few of
its mechanical properties.  Its combustibility was
known zbout the beginning of the 18th century, and
was often exhibited as a curiosity§. But Mr Caven-
dish ought to be considered as its real discoverer ; since
1t was he who first examined it, who pointed out the '
difference between it and atmospheric air, and who ascer=
tained the greatest number of its properties||. They
were afterwards more fully investigated by Priestley,

Scheele, Sennebier, and Volta.
Its proper

ol 1. Hydrogen gas, like azr, is invisible and elastic, and

capable of indefinite compression and dilatation. When
prepared by the first processit has a disagreeable smell,
similar to the odour evolved when two flint stones are
rubbed against each other. This smell must be ascri-
bed to some foreign body held in solution by the gas;

for the hydrogen procured by passing steam through red
hot iron tubes has no smell. '

I

% See an instance related in Pbil. Trans. Abr.i. 169,

t Tractatus quingue, p. 163. _

{ Shaw’s Boyle, jii, 21. 5

§ Cramer’s Elementa Docimasie, i. 45. 'This book was published in
1739.—Wasserberg relates a story of an accidental explosion which ter-
rified Professor Jacquin’s operators, Wasserberg’s Institutiones Chemie,
i 184.

il Pail. Transe 1766, wol, vi. p. 141,

.
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o. Teis the lightest gaseous bod} with which wé are
#equainted. - If the specific gravity of common ‘air’ be
reckoned 1-000, the specific gravity of hydrogen gas,
as determined by Mr Kirwan, will be 0.0843%) 'M¢e
Lavoisier states it as only 0-0756+, while Messts Four-
¢roy, Vauqudm and Seguinf; make it 0. OSS“I Mr
Kirwan’s estimate appears to me the most correct. At
the temperature of 60°, while' the barometer stands at
30 inches, 100 cubic inches-of hydrogen gas weigh,
according to Kirwan, 2+613 grains troy ; ‘according to
Lavoisier, 27372 grains; and accerding to Fourcroy,
Vauquelin, and Seguin, 2°75 ’gxﬁins. It is very nearly
12 times lighter than common air

3. All butning substances are’ lmmedxatel) extin-
guished by being plunged into this gas. It is incapable
therefore of supporting combustion.

. When animals are obliged to breathe it, they soon
d:e. A mouse put into a jar of it by Dr Gilby of
Birmingham lived 30 seconds without inconvenience ;
but in 1 minute 33 seconds it was dead. Dr Beddoes
kept a rabbit in it 7 minutes ; it wads much distressed
and weakeuned, but recovered §. Scheele found that
he conld make 20 inspirations of it without much in-
¢convenience || ; but Fontana, wha repeated the experi-
ment, affirmed that this was owing to the quantity of
common air contained in the lungs when he began to
breathe ; for on expiring 25 strongly as possible before

* On Pblogiston, p. 26. t Elements, Appendix.

t Ann. de Chim. ix. 294.. § Beddocs on Factitios A'rs, p.31, 3% -

1 Scheele on A'r and Fire, p. 6o.
vl I. ‘ ¢
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drawing in the hydrogen gas, he could only make three
respirations, and even these three produced extreme
feebleness and oppression about the breast*. The as-
sertion of Scheele was fully verified by Pilatre de Ro-
ziert and Mr Watt. .

The ingenious Mr Davy, professor of chemistry in
the Royal Institution, to whom we are indebted for
many curious and important, but rather hazardous ex-
periments on respiration, made chiefly upon himself,
after a complete voluntary exhaustion of his lungs,
found great difficulty in breathing this gas for so long
as half a minute. It produced uneasy feelings in the
chest, momentary loss of muscular power, and some-
times a transient giddiness§. But when he did not
previously empty his lungs, he was able to breathe it
for about a minute without much inconvenience Il
When much diluted with common air, it may be
breathed without injury.

* Your. de Plys. xv. g9.

+ He breathed hydrogen gas six or seven times from a bladder with-
out inconvenience, ‘To demonstrate that it was really hydrogen gas
which he was breathing, he made a strong inspiration, and expired the
2ir slowly through a long tube. On bringing a lighted taper to the end
of the tubg, the gas took fire, and continued to burn for some time, Tt
was objected to him, that the gas which he breathed was diluted witk
common air. To show that this was not the case, he mixed together
one part of common air and nine parts of hydrogen gas;-and having
drawn the mixture ioto his lungs, he threw it out the same way. On
applying a taper to the tube, the whole of the gas exploded in his mouth,
and almast stunned him. At first he thought that the whole of his teeth
had been driver: out; but fortunately he received no injury whatever
See Jour. de Phys. xxviii, 425.

$ Beddoes cn the Use and Production of Factitisus dirs, p, 110.

§ Davy’s Researehes, p. 400. 1 Thid, p. 466

TP —
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5. If 2 phial be filled'with hydrogen gas, and a light-
&d candle be brbught to its mouth, the gas will take fire,
and burn gradually till it is all consumed. If the hy-
drogen gas be pure, the flame is of 2 yellowish white
colour ; but if the gas hold any substance in solution,
which 1s often the’ case, the flame is tinged of different
colours, according to the substance. It is most usually
reddish+. ' A red hot iron likewise sets fire to hy-
drogen gas. From my experiments it follows, that
the temperature at which the gas takes fire is about
1000°.

If pure oxygen and hydrogen gas be mixed together,
they remain unaltered ; butifa lighted taper be brought
inito contact with them, or an electric spark be made to
pass through them, they burn with astonishing rapidi-
ty, and produce a violent explosion. If these two gases
be mixed in the proportion of one part in bulk of oxy-
gen gas and 2-05 parts of hydrogen gast, they explode
over water without leaving any visible residuum ; the
vessel in which they were contained (provided the gases
were pure) being completely filled with water. This
important experiment was made by Scheele§; but for
want of a proper apparatus he was not able to draw
the proper consequences. Mr Cavendish made the ex-
periment in dry glass vessels with all that precision

1 Flydrogen always holds in solution' a certain portion of the metai
by means of which it was produced. ‘This affects the colour of its flame
very much at first ; but when the gasis kept, most of the metallic mat-
ter is deposited.

} dnn.de Clim. ix, 41.

§ Scheele en Air ard Fire, p. 57.5 and Crell's Aanals, iii. 101, Eng.
Trans.
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and sagacity which characterise his philosophical la-
bours, and ascertained, that after the combustion there
was always deposited a quantity of water equal in
weight to the two gases which disappeared. Hence
he concluded that the two gases had combined. and
formed this water.  This inference was amply confirm-
ed by the subsequent experiments of Lavoisier and his
friends*.. Water, then, is a compound of oxygen and
hydrogen, united in the proportion of 853} parts by
weight of oxygen, and 14} of bydrogent.

When 4 measures of hydrogen gas are mixed with
10 measures of common air, the mixture detonates with
equal violence ; and if the experiment be made in glass
tubes, 3 measures only will remain after the combustion.
"The whole of the hydrogen gas is consumed, and like-
wise all that part of the common air which consists of
oxygen gas, and there is formed a quantity of water
equal in weight to these two bodies. This experiment
1s often employed to ascertain the purity of hydrogeu
gas. Common air and the hydrogen gas to be examin-
ed are mixed in certain proportions in a glass tube, gra-
duated and close at one end ; they are then fired by an
electric spark. The purity of the gas is proportional
to the diminution of bulk. Thus, when the bulk of a
mixture of four parts of hydrogen gas and ten parts

* The history of this great discovery, and the objections which have
been made to it, will be given in the Section which treats of WATER,
where they will be better understood than. they can be at present, It
ought never to be forgotten, that Newton had long before, with a saga-
city almost greater than human, conjectured, from the great refracting
power of water, that it contains a combustible substance,

t Fourcroy, Vauquelin, and Seguin, Ann, de Chim, ix. 45.
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of air is diminished after the explosion to eight parts,
the hydrogen gas may be considered as pure 3 if only
to nine, it contains some foreign ingredients ; and so
on. This method of detecting the purity of hydrogen
gas was first employed by Berthollet. Volta, indeed,
had employed it before him ; but for a different pur-
pose*. The glass tube used for similar experiments
is usually called by foreign chemists Polta’s cudio-
meter. j

6. It had been supposed, in consequence of the ex-
periments of Dr Priestley and several other philoso-
phers, that when hydrogen gas is allowed to remain in
coltact with' water, it is gradually decomposed, and
converted into another gas; but Mr de Morveaut, Mr
Hassbﬁftafi"I, and Mr Libes§, have shown, that it un-
dergoes no change, provided sufficient care be taken to
exclude every other gas.

M Hydrogen gas 1s not sensibly absorbed by water,
though left for some time in contact with it.  When
water is previously deprived of all its air by boiling,
100 cubic inches of it imbibe 1:53 inches of hydrogen
gas at Ihc temperature of 60°{|. By artificial pressure,
water may be made to absorb ahout the third part of
its bulk of that gas. Thetaste of the waler is not sen-
sibly altered. Mr Paul, who first formed this com-
pound, mforms us, that it is nseful in mﬁammatory
fevers and i in pervous complamts, but it xs 1njurious

“in . dropsy 1T

#* Crell’s Annals, 1785,ii. 287. * {- Fnc_y: ﬁIe.uod Chim. i 753.
¥ Amn. e Chim.i¥g2, LS Fodr de Phys xk Vi g1z,
Henry, Pbil. Teans. ¥803, i '274v " € Phil. Mugixv. o) * 27
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Such are the properties of hydrogen gas; one of the

——~—— most remarkable and best known of the simple bodies,

though its discovery cannot be dated farther back than
40 years.

SECT. Il

OF CARBON AND THE DIAMOND.

Method of IP 2 piece of wood be put into a crucible, well covered

preparing
harcoal

fts proper-
tics,

with sand and kept red hot for some time, lt is con-
verted into a black shining brittle substance, without
euher taste or smell well known under the name of
charcoal.  Its properties are nearly the same from
whatever wood it has been obtained, provided it be ex-
posed for an hout m a covered crucxble to the heat of
a forge-i-

‘ it Charcoal is insoluble in water. It is not aﬁ'ected
(provxded that all air and moisture be excluded) by
the most v1olent heat which can be applied, except-
ing only that it is rendered much harder and more
brlllxami "

" Ttis an excellent conducter of electricity, and pos-
sesses besxdes a number of smgular properues, which
render 1t of con51derable xmportance. It is much less

+ Unless that precaution be attended to, the propertncs of charcoal dif-

fer con51dcrably

t This property was well known to the older chemlsts See Heﬁ'-
mann’s Observationes Pbysico-Chymica Selectiores, p.293.
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liable to putrefy or rot than wood, and is not therefore ~Chap. I
so apt to decay by age. This property has been long
known. It was customary among the ancients to char
the outside of those stakes which were to be driven into
the ground or placed in water, in order to preserve the
wood from spoiling. New-made charcoal, by being
rolled up in cloths which have contracted a disagreeable
odour, effectually destroys it. When boiled with meat
beginning to putrefy, it takes away the bad taint. Itis
perhaps the best teeth-powder known. Mr Lowitz of
Petersburgh has shown, that it may be used with ad-
vantage to purifyfa great variety of substances*.

- 2. New-made charcoal absorbs moisture with avidi-
ty. Messrs Allenand Pepys found, that when left for
a day in the open air, it increased in weight about 124
per cent. The greatest part of this increase was owing
to moisture which it emitted again copiously when ex-
posed under mercury to the heat of 214°+.

3. When'heated to 2 certain temperature, it absorbs Absors
.ai.r copiously.. La‘ I\Ieth§rie'plunged a piece of burn- ‘a’;ﬁ:;;é:; ¢
ing charcoal into ‘mercury, in'order to extinguish it,
and introduced it immediately after into a glass vessel
filled with common air. The charcoal absorbed four
times its bulk of air. 'On’ plunging the charcoal into
water, one-fifth of the air was disengaged.  This air,
on being examined, was found to contain a much small-

e‘: quantity of oxygen than atmospherical air does.  He

# See upon the properties of charcoal the experiments of Lowitz, 2o
Crell's Annals, ii. 165. Engl. Trane. and of Kels, ibid. iii. 270.

t Allen and Pepys on the quantity of cdrbonin carbonic acid.  Féil.
Trans. 1807, »

aogh,
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extinguished another piece of charcoal in the same man-
ner, and then introduced itiato a vessel filled with oxXy-
gen gas. . The quantity of oxygen gas absorbed amount-
ed to eight times the bulk of the charcosl ; a fourth
part of it was disengaged on plqu;ng 11;e charcoal into
water*. | '

This property of 'lbso;'bmg air, w }nch new-made
charcoal, possesses, was observed by F ontana, Prlestleyz
Scheele, and Morveaa ; bat I‘Iorozzo was the first phi=
losopher who pub11§hed an’ accurate set‘of experiments
on the subjectt. _ { .

These expenments have been lately 1epeated upon a
larger scale by Mr Rouppe, professor of chemistry at
Rotterdam, and| Dr Van Noorden of the same city,
They filled a copper bo;, which was made a1r-ught,
with red-hot charcoal, allowed it to cool under water,
andthcn introduced it intoa glass jar, full of air, . Sev: en-
teen cubic inches of charcoal, absorbed - five hours,
48 cubic inches of air, or 2:8 times its bulL:t., Thxs
absorptxon though much more consxde:able than could
have been expected Ifrora.tfoxrmer experiments, has been
confirmed by Morozzo, who has lately published a new
set of experiments on the ‘absorption. of gases by char-
coal. The instrument ‘hg‘ employed was very simple;
a glass tube open at one end and furnished with 2. steel
stopcock at the other; to the stopcock was fitted another
stépcock, having in it 3 cavity i{nt(\)' which the red-hot
charcoal was placed. When the charcoal was put mﬁ;
its cavity, and the stopcocks adjusted by turning the
lfey, the gas which filled the tube was brought into

*® Sour.de Phys. x1x. 309. A ‘l' ,7'0;”»* Plys. 1383,
1.4;;:. de Chims x3ii, 3. i
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contact with the charcoal. = The tube was of such a Chap. 1L

size, that at the temperature of 57° it held a volume of
air weighing 45 grains, and the charcoal used was of
beech-wood, and weighed about. 36 grains, - The result
of his experiments was as follows :—
_. The absorption of common air amounted to 0°41
of the whole ; .that of hydrogen gas to 0°17. . The ef-
fects.of charcoal, when exposed .in, this manner to pure
oxygen gas, if we belxeve Morozzo, are very remarke
able indeed. On allowmg the'two. bodies to remain in
contact for several, days, the whole of the oxygen was
abserbed, Other experimenters had obtained an absorp-
tion .not exceeding + of the gas®. 'Thé charcoal by
absorbing the gases g_c_qmred weight,-and 1t gave outon-~
ly a small quantity of air. wheniplunged under water.
From the experiments of Senngbier, it swas concluded
that charceal, when exposed to-the atmosphere, absorbs
pxygen gas in preference to azote, as: the other portion
of common. air: is calledt+. = But: Rouppe and Van
Noorden haye shown, that this happens only when the
charcoal 45 hot; cold charcoal, ‘they found, absorbed
atmospheric ain unaltered. . .-, .}

Morozzo observed, that the absorbent power of
the charcoal varied according to. the wood from :which
it -was procured.. The charcoal of beech and box-
wood absorbed most air ; the charcoal of willow and
poplar was alittle inferior; that of hazel and vine-twigs,

il

* Nicholson’s Jour. ix. 255. and x. 12,
t :four. de Pﬁ_y: el d 309.



42

< Book .
Division §.
hne ad

Converted
by combus-
tion into
carbonic
acid gas,

SIMPLE COMBUSTIEBLES.

still worse ; and the charcoal from cor#, which is exa
tremely light, absorbed least of all*.

. When charcoal is heated to about §02°t, or When
itis made nearly red hot, and then plunged into oxy-
gen gas, it takes fire 5 and, provided it has been pre-
viously freed from the earths and salts which it ge-
nerally contains, or if we employ Jamp black, which
is charcoal nearly pure, it burns without leaving any
residuum. But the air in which the combustion has
been carried on has altered its properties very consider-
ably, for it has become so noxious to animals that they
cannot - breathe it without death. ' If smail pieces of
dry charcoal be placed upon a pedestal, in a glass jar
filled: with oxygen gas, and standing over mercury,
they may be kindled by ‘means of a burning glass, and
consumed. The bulk of the gas is not sensibly altered
by this combustion, but its properties. are greatly
changed. A great part of it will be found converted
into a new gas quitedifferent from oxygen. ‘Lhis new
gas is easily detected by letting up Jime-water into the
jar :“the lime water becomes milky, and' absorbs and
condenses all the new-formed gas. This new gas has
received the name of carbonic acid. “Mr Lavoisier as-
certained, by a very laborious set of experiments, that
it is precisely equal in weight to the charcoal and oxy-

* Nicholson, 1bid. and Four. de Phys.lvii. 467. The increase of weight
of charcoal had been observed also by Dr Watson. See his Essaye,
il 42.

+ Testimated this temperature by ascertaining the time at which char-
coal ceased to burn on an iron plate which had been heated to redness, and
measuring the rate of cooling by Sir Jsaac Newton’s method, to be de.
gcribed hereafter,
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gen which disappeared during the combustion, Hence
he concluded, that carbonic acid is 2 compound of char-
coal and' oxygen, and that the combustion of charcoal
is nothing else than its combination with oxygen*.
Mr Lavoisier concluded from .his experiments, that
every 28 parts of charcoal, during their combustion,
united with 72 parts of oxygen,.and that carbonic acid
is composed of these two bodies combined in that pro-
portion.  The experiment is of difficult execution ; yet
it has been made: by other philosophers with nearly
the same result. The mean of fiveé experiments made
with great care by Messrs Allen and Pepys, gives for
the constituents of carbonic acid,

charcoal 28:6

oxygen 7T1°4

100°0+

This result differs so little from that obtained by Lavoi-
sier, that in the present state of chemistry we may adopt
the numbers of that illustrious philosopher as sufficient-
ly precise.

‘When considerable quantities of charcoal are con-
sumed in oxygen gas, some time after the commence-
ment of the combustion a quantity of water depdsites
itself and trickles down the inside of the glass. This
happens however dry the oxygen was, and however
well the charcoal was prepared : but after the combus-
tion has contmued for a certain time the water is taken
up again and disappears 1. This deposmon of water

* Mem, Par. 1781, p. 448. { Pbil, Trans. 1807.
1 Berthollet’s Statigue Chimique, ii. 42,

438
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induced Mr Lavoisier to conclude that charcoal is not
a simple substance, but that it isa compound of at least
iwo ‘bodies, both:of which, during the combustion of
charcoal, unite to oxygen, and form, the one water, and
the other cardonic acid. The first we know to be bydro-

- gen ; the second Lavoisier called cardon. Charcoal then,

according to Lavoisier, is a compound of hydrogen and
carhon. He even estimated the hydrogen in common
charcoal as ith of the whole. The subsequent experi-
ments of other chemists, especially those of Priestley,
Cruikshanks, and Berthollet junior, have amply con-
firmed this deduction of Lavoisier. Charcoal, then, is
not pure carbon; but as the greatest part of it consists
of that body, we may consider it'as capable of giving
us some idea of its propérties.  We are acquainted with
carbon, however, in’a state apparently very different :
in that state it constitutes the diamond.

5. .The diamond is a precious stone, which has been
known from the remotest ages. When pure, it is per-
fectly transparent like crystal, but much more brilliant.
Its figure varies considerably ; but most ‘commonly 1t
is crystallized in the form of a six-sided prism, termi-
nated by a six-sided pyramid. It is the hardest of all
'Bodi‘es; the best tempered steel makes ho impression
on.it; diamond powder can only be obtained by grind-
ing one, diamond against another. Its specific gravity
is about 3+5. " It is a non-conductor of electricity.

6. As the diamond is not affécted by a considerable
heat, it was for many ages considered as incombustible.
Sir Isaac Newton, obsérving that combustibles refract
light more powerfully than other bodies, and that the
diamond - possesses this property in:great perfection,
suspected it, from that circumstance, to be capable of
combustion. This singular conjecture was verified in
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1694 by the Florentine academicians, in the presence
of Cosmo III. Grand Duke of Tuscany. By means
of a burning-glass they consumed several diamonds.
Francis I. Emperor: of Germany, afterwards witnessed
the destruction of several more in the heat of a furnace:
These experiments were repeated by Darcet, Rouelle,
Macquer, Cadet; and Lavoisier ; who proved that the
diamond was not merely evaporated, but actually
burnt, and that if air was excluded it underwent no
change*.

Mr Lavoisier prosecuted these experiments with his
usual precision ; burat diamonds in close vessels by
means, of powerful burning glasses; ascertained, that
during their combustion carbonic acid gas is formed ;
and that in this respect there is a striking analogy be-
tween them and charcoal, as well as in the affinity of
both when heated inclose vessels. A very high tem-
perature is not necessary for the combustion of the dia-
mond, = Sir George Mackenzie ascertained that they
burn in a muffle $ when heated to the temperature of
14° of Wedgewood’s pyrometer ; a hest considerably
less than is necessary to melt silver §. ' When raised to
this temperature they waste pretty fast, burning with
a low flame, and increasing somewhat in bulk ; their
surface too is often covered with a crust of charcoal,
especially when they are consumed in close vessels by
means of burning glasses |[.

% Mem. Par. 1766, 1770, 8771, 1772,

1 Lavoisier’s Opuscules, ii. as quoted by Macquer.  Dict. i. 337

1 A muflz is 2 kind of small earthen-ware oven, cpen at one end, and
fitted into u furnace.

§ Nicholson’s Quarto Four. iv. 104.

# Macquer and Lavoisier. Macquer’s Dizt, 1bid.
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In 1785, Guyton-Morveau found that the diamond ié
combustible when dropped into melted nitre ; that it
burns witheut leéaving any residuum, and in a manner
analagous to charcoal *. Mr Smithson Tennant repeat-
ed this experiment with precision in 1797, Into a tube
of gold he put 120 grains of nitre, and 2'5 grains of
diamond, and kept the mixture in a red heat for half
an hour. The diamond was consumed by the oxygen,
which red hot nitre always gives out. - The carbonic
acid formed was taken up by means of lime, and after-
wards separated from the lime and measured. It oc-
cupied the bulk in one experiment of 10°3 ounces of
water, and in another of 10°1: the mean is equal to
19°36 inches of carbonic acid, which have been ascer-
tained to weigh nearly 9 grains. But 9 grains of car-
bonic acid, by Lavoisier’s experiments, contain almost
exactly 2-5 grains of carbon, which was the original
weight of the diamond +. Thus Mr Tennant ascertain-
ed, that the whole of the diamond, like charcoal, is con-
verted by combustion into carbonic acid gas.

As the proportion of carbonic acid formed by the
combustion of diamond, is very nearly the same accord-
ing to Tennant’s experiment, as what would have been
yielded by the same weight of good charcoal; it
ought to follow, that diamond and charcoal consist both
of exactly the same constituents. But when we con-
sider the very different properties of the two substances,
we feel a strong repugnance to embrace this conclusion.

The experiments of Lavoisier were repeated in 1800
by Morveau, who consumed various diamonds in glass

¥ Encyc. Method, Glim. i. 742. - t 1. Trans, 1797, p. 133
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globes filled with oxygen gas, by exposing them to the €hap. 1L

focus of the large burning glass of Tschirnbaus. He -
found that one part of diamond, during its combustion,
combines with 4:55 parts of oxygen, and the carbonic
acid gas formed amounts to 5-55 parts. Consequently
carbonic acid gas is composed of one part of diamond
and 4-55 of oxygen ; or, which is the same thing, 200
parts of carbonic acid gas are composed of

17°58 diamond

£2°12 oxygen

100°00%

This experiment cannot be reconciled with that of
Mr Tennant. Were it to be depended on, it would de-
monstrate that charcoal and diamond are essentially dif-
ferent; since the first requires only 257 times its weight
of oxygen to convert it into carbonic acid, while the last
requires 4°55 times its weight to undergo the same
change. This difference could be explained only by
supposing that charcoal already contains a considerable
proportion of oxygen, which is waating in diamond.
But as several circumstances, In the experiment of
Guyton-Morveau, rendered its precision questionable,
it became requisite to repeat it, before the conclusions
founded upon it could be admitted as established. This
was done with every requisite precantion by Messrs
Allen and Pepys in the year 1807; and we have every
reason to confide in the accuracy of the results which
they obtained. They found that diamond when burnt
required the same weight of oxygen, and formed the

¥ Azn, de Chiz. 10 93
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same quantity of carbonic acid as well burnt char-
coal¥. Some inaccuracy, therefore, must have crept
into Morveau’s experiment. As far as experiment has
gone, the constituents of diamond and charcoal are abso-
lutely the same. Now as the presence of hydrogen
has been demonstrated in the latter, we must admit it
also in the former; a conclusion which corresponds
with the previous dedactions of Biot, founded on the
power of the diamond to refract light. At the same
time, it must be admitted that considerable obscurity
still hangs over this subject. The properties of dia-
mond and charcoal are different in almost every re-
spect ; if their composition be the same, it is impossible
to explain upon what that difference depends.

Such are the facts that have been ascertained re-
specting the combination of carbon with oxygen. Let
us now examine the compounds which it forms with
hydrogen.

7. When charcoal is exposed to a strong heat in an
iron retort, there is disengaged from it a gas which has
the property of burning with a blue flame, and which
is considerably heavier than hydrogen gas; hence it
received the name of beavy inflammable air. A gas
possessed of similar properties is obtained by causing
steam to pass through a tube filled with red-hot char-
coal ; by passing spirit of wine, ether, or camphor,
through red-hot tubes; by distitling oils, wood, bones,
or indeed almost any animal or vegetable dey what.
ever. These heavy inflammable airs were occasionally
zollected by Dr Priestley, but they were first pérticna

# Plil. Traas, 1807, x
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larly examined by Mr Laveisier, Dr Higgins, and Dr
Austin, who . ascertained, .that when they are mixed
with oxygen gas and burnt, the products are only wa-
terand’ carbonic acid. ‘Hence it was concluded, that
they are composed of carbon and hydrogen; and the
term carbireted hydrogen gases, indicating their consti-
tuents, was applied to them. These gases, in conse-
quence’ of the experiments of Dr Priestley, have
lately attracted the attention of chemists ; and many im-
portant'additions have been made'to our knowledge of
them, chiefly by the Dutch chemists, by Mr Cruik-
shanks, Mr Berthollet, and Dr William Henry. ‘But
notwithstanding the merit and sagacity of these philo-
sophers, the nature of the gases is still involved in
considerable obscurity, owing in 2 great measure to
our nncertainty of the preportion of carbon in ecarbonic
acid. The opinion of Dr Henry and Mr Dalton, that
there are only three species of beavy inflammable air,
and that all the variety which we obtain is produced by
mixtures of these in various proportions, seems to me
much more probable than the opinion of Berthollet,
that their number is indefinite. ~ Let us eéndeavour to
state the facts respecting these three species of gas as
distinetly as possible.

8. There is a gas which rises spontaneously in hot
weather from marshes and stagnant water, and which
may be easily collected in considerable quantities ; this
gas was examined by Dr Priestley, and more lately by
Mr Cruikshanks and Mr Dalton. It is_invisiblé
and elastic, like common air, and it burns with more
brilliancy than hydrogen gas. Its specific gravity, ac-
cording to Cruickshanks, is 0.67774 ; that of common
air being 1:000. One hundred cubic inches of it, at

Vol I. D
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60°, weigh 21 grains *.  When mixed with oxygen
gas and fired by electricity, it explodes, and leaves 2
residue more bulky than the original mixture; but
lime-water ahsorbs the greatest part of it. The sub-
stances formed during this combustion are carbonic
acid and water. Hence it is obvious, that the gas is
composed of carbon and hydrogen. It is therefore en-
titled to the name of carbureted bydrogen. But after
the carbonic acid has been removed (supposing it had
been mixed with oxygen in the exact proportion to
consume the whole of that body), Mr Dalton has as-
certained, that there always remains a residue’amount-
ing to about ;th of the gas from stagnant water originally
used. . This residue possesses the properties of the gas
called a=ote t,’which we shall examine in a subsequent
chapter. The gas from stagnant waters, then, is a mix-
ture of four parts of carbureted hydrogen, and one part
of azote. Dr Henry has ascertained, that if the azote
be supposed separated, the carbureted hydrogen re-
quires for combustion twice its bulk of oxygen gas; and
there is produced a quantity of carbonic acid just equal in
bulk to the carbureted hydrogen}. Hence it is easy to
determine its constituents. Y

One hundred inches of it require 200 inches of oxygen
gas, 100 of which form carbonic acid ; and the rémaiuing
100 must enter into the composition of the water form-
ed, and of course combine with a quantity of hydro-
gen equal in bulk to 200 inches. Now 100 inches of
carbonic acid contain 13°02 grains of carbon, and 208

- % Nichc;lson's 4to Jour. v. 8.
% Henry, Nicholson’s Jour. xi. 68, t Ihid
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faches of Wydrogen weigh 5+2 grains.  THis v'('oii'u'i give
ts th-e gas composed of nearly g
actisog Howe o iiegt hydrogen
711 carbon

100

A result swhich accords pretty xie'my with' the weéight
of the 'ras, s ascertained by Crumshanks. One hun-
dred inches of carbureted hydrogen (frecd from azote)
ought to Welgh, according to him; 186 grains ;-and the
constituents; as stated above; weigh'18:22 grains.

‘The gas obtained by distilling acetate of potash*,
secms '}q be the same very nearly with the carbureted
‘:ydmgen above. described. It was. this gas that was
subjected to’experiment by Drs Austin and Higgins.

When common pit-coal is distilled in close vessels,
ﬁ.vast qual‘mty of mﬂammable air is evolved, which
lias rather -an unpleasant smell, burns with a fine yel-
lowish white flame like oil, and yields a very bright
light. This gas has been substituted for oil in lamps,
and has been used successfully to light up rooms+t. It

g

» "

* A salt described in a subsequent part of this Werk.

+ Many successive exhibitions of it were made at the Lyéetm in Loz«
don in 1804, and it had been publicly proposed in’ France for the sime
purposes about-the year 1801 ; butsthe real discovgrer of the use of the
gas was Mr Murdoch of Birmingham, Dr William Henry has publishe
.&d the following detail of the disc3very :

* In the year 1792, at which time Mr Murdoch resided at Redruth id

. Cornwal, as Boulton-and Watt’s principal agént and manager of engines
an that county, he commenced a series of experiments upon the quantity
and qualicy of the gases contained in different substances.’ In the coursé
of these he remarked, that thc_ gas' obtained by distillation from coal;
peat; wood, and othet inflammable substances, burnt with great brillians

D2
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appears from the experiments of Dr Henry, that this
gas is composed of the same constitients as the gas
from stagnant waters, excepting only a small portion of

J

cy upon being set fire to; and it occurred to him, that by confining

.and conducting it through tubes, it might be employed as an economical

substitute for lamps and candles. ‘The distillation was performed in
iron retorts, and the gas conducted through tinned iron and copper
tubes to the distance of 70 feet. ~ At this termination, as well as at inter-
mediate points, the gas' was set fire to, as it passed through apertures of
different diameters and forms, purposely varied with a view of ascer-
taining which would answer best. In some the gas issued througha
number of small holes, like the head of 2 watering pan ; in others it was
thrown out in thin long sheets ; and again in others in circular ones, up-
-on the principle of Argand’s lamp.. Bags' of leather and of varnished
silk, bladders, and vessels. of tinned iron, were filled with the gas, which
was set fire to, and carried about from roem to room, with a view of
‘ascertaining how far it could be made to answer the purpose of 2 move-
able or transferable’ light, “Trials were likewise made of the different
quantities and qualities of. gas produced by coals of various descriptions,
such as the Swansea, Haverfordwest, Newcastle, Shropshire, Stafford-
‘shire, aud some kinds of Scotch caals.

¢ Mr Murdoch’s constant occupatxons prevented his glvmg farther
attention to the subject at ‘that time; but he again availed himself of a
moment of leisure to repeat his experiments upon coal and peat at Old
Cumnock, in Ayrshire, in-17975 and it may be proper to notice that
both these, and the former ones, were exhibited to numerous spectators,
who, if necessary, can attest them. - In 1798, he constructed an appara-
tus at Soho Foundry, which was applied during many successive nights
to the lighting of the building 3 when the experiments upon different
apertures were repeated and extended upon 2 large scale. Various me-
thods were also. practised of washing and purifying the air, to get rid of
the smoke and smell. These experiments were continued, with occa-
siona! interruptions, until the ‘epoch of the peace in the spring of 1802,
when the illumination of the Seho manufactory afforded an opportunity
of mzking a public display of the new lights; and they were made to
constitute a principal feature in that exhibition. 1 donot know exactly
at what time the first trials were made or published in France. The
first notice we received of them here, was in a letter from a friend at
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two other inflammable gases with which he suppbses it
mixed *.

One of the most remarkable properties of carbureted
hydrogen gas is, that when electric shocks are passed
through it for seme time, it is permanently’dilated to
about twice its natural bulk. Dr Austin, who bestow-
ed considerable pains on this gas, directed his particu
lar attention to the changes produced in it by electrici-
tyt. He found, that by repeatedly passing electric
explosions through 2 small quantity of carbareted hy-
drogen gas, it was permanently dilated to more than
twice its original bulk. He rightly-concluded, that
this remarkable expansion could only be owing to the
evolution of hydrogen gas. ‘On burning air thus ex-

panded, he found that it required a greater quaatity of,

oxygen than the same quantity of gas not dilated by
electricity : An addition therefore had been made to
the combustible matter ; for the quantity of oxygen
necessary to complete the combustion of any body is
always proportional to the quantity of that body. He

Paris, dated the 8th of Nov. 1801; in which he desires me to inform
Mr Murdoch, that a person hiad lighted up his house and gardens with
the gas obtained from wood and coal, and had it in comcrﬁpla:ion to
light up the city of Paris,

« After mentioning thc above, I think it is proper tostate also, that
in the ovens constructed upon Lord Dundonald’s plan, ac Calcutts in
Shropshire, for the purpose of saving the tar, &c. which escapes during
the coaking of coal, it has been usual for a number of years past to set
fire to the large current of gas as it flies off, and thus procure a brighe
illumination. This however was not known to Mr Murdoch, and was
never seen by him.”—Nicholson’s Four. xi. 73.

* The gases supposed mixed, are the two specics described in the suh-
sequent part of this Section,

+ Phil, Trans, 1xxx, §1, .
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concluded from his experiments, that he had deccons.
posed the carbon which was united to the hydrogen:
gas’; and that carbon is'composed of hydrogen and

azote™, some of which he always found ‘ia the vessel’

after the dilated gas had been burnt by means of oxy-
gen.  If this conclusion be fairly drawn, we must ex-
punge cgrdon from the list of simple substances, and
henceforth consider it as a compound.

There was one circumstance whicl ought to have
prevented Dr Austin from drawing this conclusion, at
least till warranted by more decisive ' experiments.
The guantity of combustible matter had been increased.
Now, if the expansion of the carbureted hydrogen gas
were owing merely to the decomposition of carbon, no
such increase ought to take place, but rather the con-
érary; for the carbon, which is itself a combustible
substance, is resolved into two ingredients, hydrogen
and azote, only the first of which burnt on the addi-
tion of oxygen and the application of heat, Dr Aus-
tin’s experiments were repeated by Dr William Henry
with his usual ingenuity and precisiont. He found
that the dilatation which Dr Austm describes actually
took place ; but that it could not be carrzed beyond a

* His theory was, that carbureted hydrogen gas is composed of hy-
drogen and azote, and charcoal, of azote and carbureted hydrogen gass
which comies nearly to the same thing with regard to the elenents of
carbon. It is singular enough, that though Dr Austin would not allow
the presence of carbon in carbureted hydrogen gas, he actually decom-
posed it by melting sulphur in it: the sulphur combined with the hydro-
gen gas, and a quantity of charcoal was precipitated. This experiment
he relates without making any remarks upon it, and scems indeed not te
have paid any attention to it.

"+ Pbil. Trans. 1797, Part ii. and Nicholson’s quarto Jeur. ii, 241.
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certain degree, a little more than twice the original
bulk of the gas, as had been previously remarked by
Dr Austin himself. Upon burning separately, by
means of oxygen, two equal portions of carbureted hy-
drogen gas, one of which had been expanded by electri-
city to double its original bulk, the other not, he found
that each of them produced precisely the same quantity
of carbonic acid gas. Both therefore contained the
same quantity of carbon ; consequently no carbon had
been decompounded by the electric shocks.

Dr Henry then suspected that the dilatation was ow-
ing to the water which every gas contains in a larger
or smaller quantity. To ascertain this, he endeavoured
to deprive the carbureted hydrogen gas of as much wa-
ter as possible, by making it pass over very dry pot-
ash, which attracts water with avidity. Gas treated in
this manner could only be expanded one-sixth of its
bulk ; but on admitting a drop or two of water, the ex-
pansion went on as usual. The substance decompound-
ed by the electricity, then, was not the carbon, but the
water in the carbureted hydrogen gas. The electric
explosion supplies the proper temperature ; the carbon
unites with the oxygen of the water, and forms car-
bonic acid s and the hydrogen, thus set at liberty, occa-
sions the dilatation. Carbonic acid gas is absorbed
with avidity by water : and when water was admitted
into 709 measures of gas thus dilated, 100 measures
were absorbed ; a proof that carbonic acid gas was ac-
tually present. As to the azote which Dr Austin
found in his dilated gas, it evidently proceeded from
the admission of some atmospheric air, about 79 parts
of which in the 100 consist of this gas: for Dr Aus-
tin’s gas had stood long over water; and Drs Priestley

§5
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and Higgins have shown that air in such a situation al-
ways becomes impregnated with azote*.

Such are the properties of carbureted hydrogen gas.
Mr Watt, who first pointed. out the effects of this gas
when respired, seems to have been the philosopher who
gave it the name of hydro-carbonatet ; a name very
commonly used by British writers. Dr Henry has
lately changed it into hydro-carburet. The term thus
altered appears unexceptionable, and may be used with
propriety to distinguish this species from the other
compounds of hydrogen and carbon.

9. When four parts of sulphuric acid and one part of
alcohol are mixed together in a retort, the mixture be-
comes very hot, and assumes 2 brown colour. By ap-
plying the heat of alamp to the vessel while its beak
is plunged under water, we soon cause it to boil, and a
gas is disengaged in abundance. This gas was first
particularly examined by a society of Dutch chemists],
and called by them olefiant gas ; but perhaps the term
super-carbureted kydrogen, which is more systematic,
might be applied to it with proprxety It has been
since analysed by Berthollet and Dr \Vllham Henry.

This gas possesses the mechanical propernes of com-
mon air ; but it has a disagreeable odour, owing per-
haps to some oily matter which it holds in solution. It
does not support combustion, and is equally noxious to

* The increase of the combustible matter in Dr Austin’s experiment
was doubtless owing to the ondxzcment of a part of the mercury at thc
éxpence of the water, " g

4 See his letters in Beddoes’s work on Factitious Airs,

$ Messrs Bondt, Dieman, Van Troostwyk, and Lauwerenburg. Thcxr
mcmonr is pubhshed in the Journal de Physique, xlv, :78.
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animals with the last described species. Its specific
gravity, according to the Dutch chemists, is 0°905,
that of air being 1:000. Therefore at the temperature
of 60°, barometer 30 inches, 100 cubic inches  of it
weigh 28°18 grains troy. When this gas is kindled,
it burns with a dense white flame, and with very great
splendour ; the combustion continuing 2 very consi-
derable time. When mixed with oxygen gas, and
burnt in close vessels by means of electricity, it deto~
nates ; the products of this 'combustion are water and
carbonic acid. - Hence we learn; that the constituents
of the gas are hydrogen and carbon. -~ From the experi-
ments of Mr Dalton, it appears that 100 inches of ole-
fiant gas, in order to be completely consumed, must be
mixed with 300 inches of oxygen. There is formed
a quantity of carbonic acid equal to 200 inches. 200
inches of the oxygen gas were employed in forming
this gas. The remaining 100 must have united with
hydrogen, and formed water ; and we know that they
must have united with a quantity of hydrogen equal to
200 inches in bulk.' 200 inches of carbonic acid con-
tain 26°04 grains of carbon,and 200 inches of hydrogen
weigh 5°2 grains. - Hence it follows, that 100 inches
of olefiant gas are composed of
! 26°04 carbon
5'2  hydrogen
31-24
A quantlty rather exceeding the weight of 100 inches.
Oleﬁant gas, then, is composed of
83 carbon
17 hydrogen

100
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The proportion of carbon is almost double what exists
in the last described species. Hence the reason of ap-
plying to it the name of super-carbureted hydrogen ;
the term indicates the supcnor proportion of carbon.
The constituents are :

Hydrogen.  Carbou.
Carbureted hydrogen, 100 2508

Super-carbureted hydrogen, - 100 . 4882
The preceding analysis by no means agrees with that of
Berthollet, who informsus that he ascertained by his tri-
alsthat super-carbureted hydrogen gas was composed of
one part hydrogen and three parts carbon ; but as he
does not give us the data upon which this conclusion
was founded, it 1s impossible to ascertain the cause of
the difference between his statement and that deduced
from Mr Dalton’s experiments™.

Mr Berthollet relates a very curious experiment
which had not been observed by the Dutch chemists:
‘When four measures of olefiant gas and three measures
of oxygen gas are fired together by electricity, the mix-
ture dilates so much as t6 occupy the bulk of 11 mea-
sures, and 2 quantity of charry matter is deposited.
The dilated gas is still susceptible of detonation when
mixed with more oxygent.  Berthollet supposes,
that the effect of the first detonation was to form a
combination of the two gases, which still retained the
gaseous form ; but it is difficult to conceive how such
a combination could be produced by combustion, and
yet remain combustible.

One of the most characterestic properties of this gas

® Statigue Chimigue il. 68. $1bid, p. 71.
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is the rapid diminution of bulk,>and the formation of
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an opal coloured oil when it is mixed with the gas Action of*

called oxymuriatic acid*®. It was this property which
induced the Dutch chemists to give to super-carbure-
ted hydrogen the name of olefiant gas, They found,
that when the two gases were mixed together in the
proportion of three measures olefiant gas, and four mea-
sures oxymuriatic, the two gases disappear completely:
but the proportions which Dr William Henry found
to produce this effect, were somewhat different; namely,
five measures of olefiant gas, and six measures of oxymu-
riatic. This rapid absorption and formation of oil en-
ables us to detect the presence of olefiant gas in gaseous
mixtures with considerable facility. Dr Henry has
applied it very ingeniously to the analysis of a variety
of mixed inflammable gases .

10. When a mixture of equal parts of iron filings
and chalk, both made previously as dry as possible, are
exposed to a red heat in an iron retort, there is disenga-
ged a great quantity of gas, consisting partly of carbo-
nic acid, and partly of a species of heavy inflammable
air. 'When the carbonic acid is separated by means
of lime-water, the inflammable gas is obtained in a state
of great purity. It'was first procured by Dr Priest-
ley ; but for our knowledge of its constituents and its
properties, we are indebted to the ingenious experi-
ments of Mr Cruikshanks. '~ Clement and Desormes,
Morveau and  Berthollet, examined it also soon after
with equal address and success. The name cardonic

* This gas will be described in the next Chapter.
4 Nicholson’s Jewr.xi. 65,
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oxide gas has been given it by chemists, and Cruik-
shanks has rendered it probable that it is a compound
ot oxygen and carbon; the account of its properties
belongs therefore to a subsequent part of this Work :
but I consider it as necessary to give a short detail of
them in this place, because it has been so often con=
founded with the other two species, from which, how-
ever, it is exceedingly distinct,

This gas possesses the mechanical properties of air.
Tts specific gravity, according to Crnikshanks, is 0°956,
that of air being 1:000 ; hence 100 inches of it weigh,
under the medium pressure and temperature, 29:64
grains troy. ,

It burns with a deep blue flame, and gives out but
little light, When mixed with oxygen gas it detonates,
though notloudly ; eight measures of it require for com-
bustion about 32 of oxygen gas. - When 100 cubic in-
ches of it are mixed with 40 inches of oxygen gas, the
whole is consumed, and 92 inches of carbonic acid are
formed*. Now 100 of carbonic oxide and 40 of oxygen
weigh 43°6 grains, and 92 of carbonic acid weigh,42-78

grains. From this near coincidence between the weight

of the substances consumed and the product, Cruik:
shanks drew his conclusion that the gas contained no
hydrogen; and in this opinion the greater number of che-
mists have acquiesced, Supposing it correct, it will be
easy for us to assign the constituents of the gas; the
carbonic acid produced contains very nearly 11-72grains
of carbon, the remainder of the weightis oxygen; from
which if we subtract the weight of the 40 inches of

#* Cruikshanks, Nicholson’s 4to Jour, v. 8.
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oxygen used for the combustion, we have a remainder
of nearly 18%, which must be the oxygen that previous-
ly existedin the gas. Hence, according to this statement,
carbouic oxide is composed of about
f 39 carbon
61 oxygen

100

Berthollet does not acquiesce in this analysis. ~Accord-
ing to him, the gas contains hydrogen as a constituent,
and is a triple compound of ‘oxygen, carbon, and hydro-
gen. That it often contains hydrogen is probable ; but
the experiments of Henry have made it probable, that
it is only accidentally and not essentially present : “for
when subjected to the action of electric explosions, it
does not expand as all gases do, bitherto tried, which
contain hydrogen as a constituent®.

11. These three species of gas have been long con-
founded in this country, under the name of Aydro-car-
bonates. The first and last species are not sensibly ab-
sorbed by water; but 100 inches of water absorb
about 11 inches of olefiant gas, or nearly % of its bulk +.
They are all exceedingly noxious to animals, oceasion-
ing almost instantaneous fainting, feebleness, and death.
The last species is easily recognized by the deep blue
flame with which it burns: the flame of the two first
species is white, but the second is vastly more bril.
liant than the first. From the late experiments of Dr
Heury, there is reason to consider it ‘as probable, that

# Nicholson’s Jour. xi. 72
t+ Henry, on the autharity of Dalten, Nichelson, xi. 70, -
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all the other species of beavy inflammable gas are nos
thing else than mixtures of these three and of hydro-
gen gas. The following are the most remarkable of
these. . i

12. When steam is made to pass through red hot char-
coal, confined in a porcelain or metal tube, a great
quantity of gas is obtained:~ When the steam passes.so
rapidly that a portion of it comes over in the state of
water, the gas obtained is a mixture of carbonic acid
and heavy inflammable air ; but when the steam passes
50 slow]y as to be wholly decomposed by the charcoal,

the gas which issues from the tube is almost all inflam-

mable.  Dr Priestley first procured gas in this manner,
aid . pointed out the effect of different proportions of
steam®. | The process was repeated with great care
by Lavoisier, during the course of his experiments to
determine the constituents of carbonic acidt; and Mr
Watt pointed it out -as the readiest way of procuring
hydro-carbonate for the purposes of pneumatic medi-

cinef. This is the gas, accordingly, which has been

commonly employed when the effects of carbureted
hydrégen on the animal system were investigated.
Cruikshanks examined it during his experiments on
carbonic oxide §, and it has been lately subjected to ana-
lysis by Dr Henry ||-

This gas burns with a deep blue flame like carbonic
oxide, and is equally injurious to life. = From the ex-
periments which we have on this gas, it cannot be
doubted that it varies considerably at different times,

* Priestley, i. 284. 4 Mem. Par. 1781, p. 458.
t Beddoes and Watt, on Factitious A'rs. - § Nicholson’s 4to. Jour. v. 6-
| Nicholson's Jaur. xi. p. 66.
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accotding to the proportion of water and the degrees of
heat employed. The difference of its specific gravity,
I consider as a demonstration of this. Lavoisier and
Meusnier found it 0°279, that of air being 1000 *;
while Cruikshanks got it as high ‘as 0-468, or al-
most ‘doublet.: According to the former, 100 cu-
bie inches weigh 8:66 grains; according to the lat-
ter, they weigh' 14-50 grains. The gas examined by
Henry seems to have been 2 little lighter than the gas
of \Mr Cruikshanks. Dr Henry considers this gas as
a mixture of hydrogen gas with carbonic oxide, and
perhaps a little carbureted hydrogen. :The results ob-
tained by him by combustion, accord very well with
this notion ;' he found that 100 measures of this gas,
when detonated: with 60 of oxygen, left 35 measures
of carbonic acid. = Let us suppose that these'35 inches
of carbonic acid were formed by the union of oxygen
and carbonic oxide : they weigh'16:27 grains, and are
composed  of 11+15 grains carbonic oxide, and 5:12
oxygen, which would make 37 inches of carbonic oxide
and 15 of oxygen. Supposing these 37 measures to
have existed in the gas before the combustion, there
will remain to be accounted for 63 inches, which, if
we suppose it hydrogen, would require 31 inches of
oxygen ; but 45 inches of oxygen have been consumed.
Our supposition, then, does not tally exactly with the
phenomena : to make them accord, it would be neces-
sary to suppose the gas from: moist charcoal a mixture
of somewhat less carbonic oxide and hydrogen, and to
make up the 100 by supposing a quantity of carbure-

& Mery. Par. 1781, p. 458, # Nicholson's 4to Joeur. v. &.
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ted hydrogen present. Butin the present state of un-
certainty; it is unnecessary to proceed any farther with
the investigation, : :

13. The gas obtained by the distillation of wood
burns with a2 much whiter flame than that from char-
coal : yet DriHenry found, that 100 measures of gas
from oak required only 54 measures of oxygen to sa-
turate it, and produced 33 measures of carbonic acid.
This result induces him to consider: it as a mixture of
the same gases as the last, but'in different proportions.

‘The gas from dried peat differs considerably in its
properties, according to the qualities of the peat, and
the-mode employed in procuring it. I have obtained no
less than four kinds, and Dr Henry procured and exa-
mined another altogether different.  Its specific gravity
varies from 0.813 to 0°608. - It burns sometimes with
a white, sometimes with a blue flame; 100 cubic
inches of the heaviest kind consume 100 inches of oxy-
gen, and form 80 inches of carbonic acid; 100 inches
of the lightest kind consume 160 inches of oxygen,
and form 60 inches of carbowic acid gas *.. It is pro-
bably a2 mixture of two different gases, and its different
properties are mast likely owing to a variation in their
propottions. = One of these gases I conceive to be car-
bonic oxide 3 but I think I have shown that the other is
a gas not yet obtained or examined in a'separate state.
If this last gas shall be found to contain oxygen as a
constituent, which is not unlikely, it will constitute a
triple campound, to which the name of oxy-carburcted
bydrogen may be applied.

% Sec my experiments on it in Nicholson’s Jour. %vi. 241,
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The gas obtained by distilling coal burns with great
briiliancy. Dr Henry considers itas a mixture of car-
bureted hydrogen with some carbonic oxide and ole-
fiant gas.

The gases obtained from oil and wax by distillation
are carbureted hydrogen gas; but the first contains § of
its bulk, and the other g its bulk of olefiant gas.. Tke
olefiant gas is present also in the gases obtained by
passing: camphor, ether, or alcohol, through hot tubes *.

SECT. III.

OF PHOSPHORUS.

Pﬂosiﬂoﬁus, the third of the simple combustibles, may
be procured by the following process: Let a quantity
of bones be burnt, or, as it is termed in chemistry, cal-
cined, till they cease to smoke, or to give out any odour,
and let them afterwards be reduced to a fine powder.
Put 100 parts of this powder into a bason of porcelain
or stoneware, dilute it with four times its weight of
water, and then add gradually (stirring the mixture
after every addition) 40 parts of sulphuric acid. The
mixture becomes hot, and a vast number of air-bubbles
are extricated +. Leave the mixture in this state for
24 hours ; taking care to stir it well every now and

* Henry, ibid.
4 The copious emission of air-bubbles is called in chemistry effervessence
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then with a glass or porcelain rod to enable the acid to
act upon the powder *. . :
The whole is now to be' poured on a filter of cloth’;
the liquid which runs through the filter is to -be recei-
ved in a porcelain bason ; and the white powder which
remains on the filter, after pure water has been poured
onit repeatedly, and allowed-to strain into the porcelain
bason below, being of no use, may be thrown away.
Intothe liquid contained in the porcelain bason, which
has a very acid taste, nitrate of leadt, dissolved in wa-
ter, is to be poured slowly ; a white powder immediate-
ly falls to the bottom: the nitrate of lead must be added
as long as any of this powder continues to be formed.
Throw the whole upon a filter. The white powder
which remains upon the filter is to be well washed, al-
lowed to dry, and then :mixed with about one-sixth of
its weight of charcoal powder. This mixture is to be
put into the earthen ware retort (fig. 5. 5.) The re-
tort is to be put into a furnace, and the beak of 1t plun-
ged into a vessel of water, so as to be just under the
surface. Heatis now to be applied gradually till the re-
tort be heated to whiteness. A vast number of air-
bubbles issue from the beak of the retort, some of
which take fire when they come to the surface of the
water. At last there drops out a substance which has

* Fourcroy and Vauquelin, Merm. de I' Inst. i. 282,

t A salt to be described in a subsequent part of this Work. It an-
swers better than acetate of lead, as was first pointed out by Giobert,
and more lately by Mr Hume, See Giobert’s process, 4un, de Chim, xii.-
5. and Fbil. Mag. xx. 160,
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the appearance of melted wax, and which congeals un-

der the water®. This substance is phosvhorus.

It was accidentally discovered by Brandt, a chemist
of Hamburgh, in the year 16691, as he was attempt-
ing to extract from human urine alliquid capable of
converting silver into gold. He showed a specimen
of it to Kunkel, a German. chemist of considerable
eminence, who mentioned the fact as a piece of news
to one Kraft, a friend of his'at Dresden. Kraft im.
meédiately repaired to Hamburgh, and purchased the
secret from Brandt for 200 dollars, exacting from him
at the same time a promise not to reveal it to any other
person. Soon after, he exhibited his phosphoras pub.
licly in Britain and France, expecting doubtless that it
would make his fortune. Kunkel, who had mentioned
to Kraft his intention of getting possession of the pro-
cess, being vexed at the treacherous conduct of his
friend, attempted to discover it himself ; and about the
year 1674 he succeeded, though he only knew from
Brandt that urine was the substance from which phos-
phorus had been procured}. Accordingly he isalways
reckoned, 'and deservedly too, as one of the discoverers
of phosphorus.

Boyle likewise discovered phosphorus. Leibnitz ine
deed affirms, that Kraft taught Boyle the whole pro-

# The theory of this process will be explained afterwards.

+ Homberg, Mem. Par. 1692. An account of it is published in the
Philosophical Transactions for 1681, first by Sturmigs, and then by Dr
Slare.

$ This is Kunkel’s own account. See his Laborstorium Chymisum,
p. 660. Sce also Wiegleb’s Geschichte des Wachitbums und deg Erfindunges
in der Chemicy val. 1 [o 424

Ee
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cess, and Kraft declared the same thing to Stahl. But
surely the assertion of a dealer in secrets, and one whe
had deceived his own friend, on which the whole of
this story is founded, cannot be put in competition with
the affirmation of a man like Boyle, who was not only
one of the greaiest philosophers, but likewise one of the
most virtuous men of his age; and he positively as-
sures Us, that he made the discovery without being pre-
viouslyiacquainted with the process*. g
+ Mr Boyle revesled the process to-his assistant God-
frey Hankwitz, a London apothecary, who continued
for many years to supply all Europe with phosphorus.
Hence it was known to.chemists by the name of English
phosphorust. Other chemists, indeed, had attempted to
produce it, but seemingly without snccess¥, till in 1737
a stranger appeared in Paris, and offered to make phos-
phorus. - The-French government granted him a re-
ward far.communicating his process. Hellbt, Dufay,
Geoffroy, and Dubamel, saw him execute it with suc-
cess ; and Hellot published a very full account of it in
the Memoirs of the French Academy for 1737.
It consisted : in.evaporating -putrid urine to dryness,

heating the inspissated residue to redness, washing it

with water to extract the salts, drying it, and then rai-
sing 1t gradually in stone-ware retorts to_the greatest
intensity of heat. It was disgustingly tedious, very
expensive, and yielded but a small quantity of produce.
The celebrated ‘Margraf, who informs us that he had

~

* Boyle’s Works abridged by Shaw, iii. 174.

t See Hoffman’s experiments on it, published in 1722 in his Obseroaz.
Plys. Chym, Select. p. 304.

3 Stahl’s Fundament. Chym. ii. §8.
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devoted himself at 2 very early period to the investiga-
tion of phosphorus, soon after published a much more
éxpeditious and productive process ; for the first hint
of which he was indebted to Henkel. It consisted in
mixing a salt consisting chiefly of lead with the inspis-
sated urine. - He even found that urine contained a pe-
culiar salt*, which yielded phosphorws ‘when: heated
with charcoal +. : i

In the year 1769, Gahn, a Swedish chsmist, disco-’-
vered ‘that phosphorus is contained insbones1’; .and
Scheele §; very soon after, invented 2 ‘process’ for ob-
taining it from them.  Phosphorus is'now generally
procured in that manner. = The process described in the
beginning of this Section is that of Fourcroy and Vau-
quelia. . The usual process. followed by muanufacturers
of phosphorus is animprovement on that of Scheele:
- Soon after' the. discovery of ‘phosphorus, many
experiments on it were made by ‘Slare and .Boyle.
Hoffman published a dissertation on it, containing some
curious facts, in 1722 ; but Margraf was the first who
investigated its effects upon other bodies, and the na-
ture ‘'of the combinations which it forms. The subject
was resumed by Pelletier, and continued with much in-
dustry and success. Lavoisier’s experiments were still

g RO .~ .

* Known at that time by the name of fusible sait of urine; now mll@d
pbo.r;bate of ammonia, i ]

+ “Miscel. Beroling 1740, Vi. 54.3 and Mm. Acad, E:r]ux, 1746 P- 84;
and Margraf’s Opusc. i. 30,

$ Bergman’s Notes on Scleffer.

§ Crell, in his life of Scheele, informs us, that Scheele himself was the
discoverer of the fact. This, he says, appears clearly.from a printed Ict-
ter of Scheele to Gahn, who was before looked upon as the discoverer.
Sce Crell’s Aanals, English Trans. i, 17.
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more important, and constitute indeed a memorable era
in chemical science. :

1. Phosphorus, when pure, is/ semi-transparent, and
of a yellowish colour ; but when kept some time in
water, it ‘becomes opaque externally, and then has a
great resemblance to white wax. Its consistence is
nearly that of wax. It may be cut with 2 knife, ‘ot
twisted to pieces with the fingers. It is_insoluble in
water. Its'mean specific gravity is 1:770.

2. It melts at the temperature of 99 °%. . Care must
be taken to keep phosphorus under water when melted ;
for it is so combustible, that it cannot easily be melted
in the open air without taking fire. When phésphorus
is newly prepared, it is always dirty, being: mixed with
a quantity of charcoal dust and other impurities. .These
impurities may be separated by melting it under water;
and then squeezing it through a piece of clean shamois
leather. It may be formed into sticks, by putting it
into a glass funnel with a leng tube, stopped at the bot-
tom with a cork, and plunging the whole under warm
water.. The phosphorus melts, and assumes.the’ shape
of the tube. When cold, it may be easx]y pushsed out
with a bit of wood. e

If air be excluded, phosphorus evaporates at 2192,
and boils at 554° .

3. When phosphorus is exposed to the atmosphere,
it emits 2 white smoke, which has the smell of gatlic,
and is luminous i in the dark. This smoke is more a.
bundant the hlgher the temperature is, and 1s occasioned

# Pelletier, Journal de Physique, x31v. 380, 1 1bid. 1. 3874
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by the gradual combustion of the phosphorus, which
at last disappears altogether.

4. When a bit of phosphorus is put into a glass jar
filled with oxygen gas, part of the phosphorus is dis-
solved by the gas at the temperature of 60° 3 but the
phosphorus does not become luminous nnless its tem-
perature be raised to 80°%,: Hence we learn, that
phosphorus burns at a lower temperature in, common
air than inoxygengas. Thisslow combustion of phos-
phorus, at the common temperature of the atmosphere,
renders it necessary to keep phosphorus in phials filled
with water. The water should be previously boiled to
expel a little air, which that liquid usually contains.
The phials should be kept in a dark place; for when
phosphorus is exposed to the light, it soon becomes of
a_ white colour, which gradually changes to a dark
brown. {

5. When heated to 148°, phosphorus takes fire and
burns with a very bright flame, and gives out a great
quantity of white smoke, which is luminous in the
dark ; at the same time it emits an' odour which has
some resemblance to that of garlic. ' It leaves no resi-
duum ; but the white smoke, when collected, is found
to be an aczd. Stahl considered this acid as the miri-
atict. According to him, phosphorus is composed of
muriatic acid and phlogiston t, and the combustion of

o

.

i

® Fourcroy and Vauquelin, Annales de Chimie, xxi. 196.

+ This acid shall be afterwards described. )

$The term phlogiston was applicd by Stahl and his followers to 2
substance which, according to them, exists in all combustible bodies, and
separates during combustion. ~ A sketch of their theory-will be given in
the next Section, in which we shall treat of sulpbur, on which the hy-
pothesis was founded. .
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it is merely the separation of phlogiston.  He even de-
clared, that to make phosphorus, nothing more s neces-
sary than to combme muriatic acid and phloglston

- ‘These assertions having ‘gained implicit credit, the
¢omposition and nature of phosphorus were considered
as completely understood, till Margraf of Berlin pu-
blished his experiments in the year 1740. That great
man, one of those illustrious philosophers who have con-
tributed so much to the rapid increase of the science,
distinguishied equally by the ingenuity of his experi-
ments and clearness of his reasoning, attempted to pro-
duee phosphorus by combining together phlogiston and
muriatic acid : but though he varied his process a thou-
sand ways, presented the acid in many different states,
and erhp]oyed a variety of substances to furnish phlo-
giston; all his attempts failed, and he 'was obliged to
give up the combination as impracticable. On exa-
mining the acid produced during the combustion of
phosphorus, he found that'its propérties were very dif.
ferent from those of muriatic acid. Tt was therefore a
distinct substance +.  The name of phosphoric acid was
given to it; and it was concluded that phosphorus 13
composed of this acid united to phldglston. .

But it was observed by Margraf, that phosphoric
acid is heavier than the phosphorus from which it was
produced ; and Boyle had long before shown that ph’osQ
phorus would not btirn%gxcept when in contact with air.
These facts were sufficient to prove the inaccuracy- of.
the theory concerning the composition of phosphorus ;
but they remained themselves unaccounted for, till La'.'

% Stahl’s Three Hundred Experiments, 1 Margraf’s Qpuc. i. 56.
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voisier publishcd those célebrated experiments which Chap.1L.

threw so much hght on the nature and composxtxon of /

acids*. i &

‘' “He éxhausted ‘a glass globe of aif by means of an which is
air-pump; and after weighing it accuratcly, he filled 1t Ph"’Ph‘"“’

mbined

with oxygen’gas, and introduced into' it 100 gtains of o oxy-
gen

phosphoras. The globe was ‘furnished with’ a stop-
cock, by which oxygen gas ‘could be admitted at plea-
sure. ~He set fire to the phosphorus by means of a
burning glass. The combustion was extremely rapid,
accompanied by a bright flame and much heat. Large
quantities  of white flakes attached themselves to the
inner surface of the globe, and rendered it opaque ; and
these at last became so abundant, that notwithstanding
the-constant supply of oxygen gés_the phosphorus was
extinguished. * The globe, after being allowed to cool,
was again weighed before it was opened. The quantity
of exygen employed during the experiment was ascer-
tained, ‘and the phosphorus, which still remained un-
changed, accurately weighed. The white flakes, which
were nothing - else than pure p}xosphor;c acid, were
found ‘exactly equal to the weights of the phosphorus
and oxygen which had disappeared during the pro-
tess. Phosphoric acid therefore must have been form-
ed by the combination of these two bodies ; for the ab-
solute weight ‘of all the substances together was the
same after the process as before it+. It is impossible,
then, for phosphorus tobe composed of phosphoric acid
and phlogiston, as phosphorus itself enters into the com-
position of that acid.

* Mem. Par. 1778 and 1780,
t Lavoisier’s Cbemistry, Part 1. chap. v.
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Thus the combustion of phosphorus, like that of hy-
drogen and carbon, is nothing else than its combination
with oxygen : for during the process no new substance
appears, except the acid, accompanied indeed with much
heat and light.

From Lavoisiet’s experiment it follows, that 100
parts of phosphorus, during this combustion, unite with
154 parts oxygen. So thata grain of phosphorus con-
denses no less than 4% cubic inches of oxygen gas; and
five grains are capable of depriving 102% cubic inches
of air of all its oxygen gas.

+6.. Though pure phosphorus does not take fire till
it be heated to 148°, it is nevertheless true,.that we
meet with phosphorus which burns at much lower
temperatures. . The heat of the hand often makes it
burn vividly ; nay, it sometimes takes fire when merely
exposed to the atmosphere. In iall these cases the
phosphorus has undergone a change.  Itis believed at
present, that this increase of combustibility is owing to
a small quantity of oxygen with which the phosphorus
has combined. Hence, in this state, it is distinguished
by the name of oxide of phasphorus. When a little
phosphorus is exposed in a long narrow glass tube to
the heat of boiling water, it continues moderately lu-
minous, and gradually rises up in the state of 2 white
vapour, which lines the tubes.  This vapour is the ox-
zde of phosphorus. This oxide has the appearance of
fine white flakes, which cohere together, and is more
bulky than the original phosphorus. When slightly
heated it takes fire, and burns brilliantly. Exposed
to the air, it attracts moisture with avidity, and is coq;
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vected into an acid liquer®, When a little phosphorus  Chap. 1L
is thus oxidized in a small tin box by heating-it, the

o.;\kle acquirgs tthpgoperty of taking fire when exposed

to the air, - In this state it isoften used to light candles

undét the name of pbo:pbaric matches 5 the phosphorus

heing somctxmes mixed with almle oil, sometimes with.

sul phur :

When phosphorus 1is long acted on by water, it is
cp\_(qr'ed atlast with-a white crust, which is also consi-
dered as an oxide of phasphorus; but it differs consi-
derably from the oxide just described.: .It is brittle, less
fusible, and »mqqhgles‘s -combustible, than phospherus
itselft.  Phosphorus, when newly prepared, usually
contains’ some, of;this last oxide-of phosphorus mixed
with it ; bt «itamay be easily separated by plunging
the mass into water -heated to about 100°.  The phos-
phorus melts, while the oxide remains unchanged, and
swims upon thesurface of the melted phosphorus.

.. When bits of phosphorus are kept for some hours f:‘d"i}’y“d‘;f_'
in. hydrogen gas, part of the phosphorus is dissolved. gengas.
This compound gas, to which Fourcroy and Vagque-

lin, 1he,discoy’ercrs of it, have given:the name of pbos-

phorized hydrogen gas, has a: slight smell of garlic';

When bubb}es,'of it are made to .P‘g§§ into oxygen gas,

a very brilliant bluish flame .is produced, which per-

wvades, the whole . vessel of oxygen' gas. It is. ébvious

that this flame ' is the consequence,of the combusnon of

the dissplved phosphorusi. , ; :

~t

When phosphorus is introduced into 'a glass jar of Phos?’w'

hy-
hydrogen gas standmg over mercury, and then melted dr:genygu.

(Y 3 1 3 B
# Steinacher, Ann. de Chirm. xIvii. 104.  #Ibid - 3 Ibid. xsi. 220,
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by means of a burning glass, the hydrogen gas dissolves
a2 much greater proportion of it.  The new compound’
thus formed has received the name of phosphureted by-
drogen gas. It was discovered in 1783 by Mr Gen-
gembre* ;5 and in 1784 by Mr Kirwan, before he be-
came acquainted with the experiments of Gengembre.
But for the fullest investigation of its properties, we
are indebted to Mr Raymond, who published a disser-
tation on it in 1791+, and another in 1800%. < These
philosophers  obtained the gas by a different process,
which shall be  afterwards described: but in whatever
manner it is prepared, its properties‘are always the
same. A o i2

It has a very fetid odour, similar to the smell of pu-
trid fish. When it comes into contact with common
air, it burns with great rapidity’; and'if ‘mixed with
that air, it detonates ‘violently. Oxygen gas produces
a still more rapid and brilliant combustion ‘than com-
mon air.  When bubbles of it are made to pass’up
through water, they explode in succession as they
reach the surface of the liquid ; a beautiful coronet of
white smoke is formed, which rises slowly to the ceil-
ing. This gas is ‘one of the most combustible substans
ces known. It is obvious, that its combustion is mere-
ly the combination of its phosphorus and its hydrogen
with the oxygen of the atmosphere; the products, ‘of
course, are phosphoric acid and water.  These two siib-
stances mixed, or rather combined, constitute the coronet
of white smoke. !

* Mem. Scav. Etrang.3, 4§ Ann, de Chim. 3.19. .
1 1hid. xxxv. 235+ 4
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Pure water, when agitated in_contact with this gas,
dissolves at the temperature of between 50° and 60°
about the fourth part ofits bulk ofit*. The solu-
tion is_ of a colour not unlike that of roll sulphur; it
has a very bitter and disagreeable taste, and a strong
unpleasant odour. = When heated nearly to boiling, the
whole of the phosphureted hydrogen gas is driven off
unchanged, and the water remains behind in a state of
purity. When exposed to the air, the phosphorus is
gradually deposited in the state of oxide ; the hydrogen
gas makes its escape ; and at last nothing remains but
pure watert.

When electric explosions are passed through this

gas, its bulk is increased precisely as happens to car-
bureted hydrogen. The water which it contains is de-
composed, phosphoric acid formed, and hydrogen gas
evolvedi. We are neither acquainted with the specific
gravity, nor with the proportion of the constituents of
this gas.

8. Phosphorus is capable of combining with car-
bon. This compound, which has received the name
of phosphuret of carbonm, was first examined by Mr
Proust, the celebrated professor of chemistry in
Spain. It is the red substance which remains be-
hind when new-made phosphorus is strained through
shamois leather. In order to separate from it a small
quantity of phosphorus which it contains in excess, it

# Such was the result obtained by Raymonde Dr Henry found that
100 inches of water took up only 2°14 inches of this gas at the temperza-
ture of 60%. See Pbil. Trans. 1303, p. 274

+ Raymond, 4nn, de Chim.xxxv.233.

$ Henry, Nicholson’s quarto Jeur, ii. 247.

7
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should be put into a retort, and exposed for some time
to a moderate heat. What remains behind in the
retort is the pure phosphuret of carbon. It is a
light, flocky powder, of 2 hvely orange red, without
taste or smell. 'When heated in the open air it burns
rapidly, and a quanmy of charcoal ‘remains behind.

When the retort in which it is formed is heated red hot,

the phosphorus comes over, and the charcoal remains
behind *.

9. Such are the properties of phosphorus, and the
compounds which it forms with oxygen, hydrogen, and
carbon. It is capable likewise of combining with
many other bodies: the compounds produced are called
phosphurets. -

10. Phosphorus, when used internally, is poiso-
noust. In very small quantities (as one fourth of
a grain), when very minutely divided, it is said by
Leroi to be very efficacious in restoring and establish-
ing the force of young persons exhausted by sensual
indulgencet ; thatis, I suppose, in exciting the vene-
real appetite. A :

11. Theugh nobody has hitherto succeeded in ascer-
taining the constituents of phosphorus, there 1is every
reason to consider it as a compound. When acted upon
by a powerful galvanic battery, Mr Davy found that
it emitted hydrogen in considerable quantity. Hence
it is not unlikely that hydrogen is one of its constituents.
The other has not yet been observed in a separate state,
but analogy renders it not improbable that it will be
found to be of 2 metallic nature.

® Axn, de Chim. Xx31V. 44. + 1bid. xxvif; 89,
3 Wicholson’s Journal, iii. 85.
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SECT. IV.

OF SULPHUR.

-S‘HLPHUR, distinguished also by the name of &rimstone,
was known in the earliest ages. Considerable quanti-
ties of it are found native, especially in the neighbour-
hood of volcanoes, and it is procured in abundance by
subjecting the mineral called pyrites to distillation,
The ancients used it in medicine, and its fumes were
employed in bleaching wool*.

9

Chap. 11

1. Sulphur is a bard brittle substance, commonly of Properties.

-a yellow colour, without any smell, and of a weak
though perceptible taste. ;
It is 2 non-conductor of electricity, and of course be-
comes electric by friction. Its specific gravity is 1-990.
Sulphur undergoes no change by being allowed to
.remain exposed to the open air. - When thrown into
water, it does not melt as common salt does, but falls
to the bettom, and remains there unchanged: It is
-therefore insoluble in water.
2. 1f a considerable piece of sulphur be exposed to a
-sudden though gentle heat, by holding it in the hand,
for instance, it breaks to pieces with a crackling noise.
When sulphur is heated to the temperature of about
70°, it rises up in the form of a fine powder, which

< _*Pliny, lib. xxxv. ¢. 15-

Action of
heat.

Flowers of
sulphur.
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may be easily collected in a proper vessel. This pow-
der is called flowers of sulphurt. When substances fly
off in this manner on theapplication of 2 moderate heat,
they are called volatile ; and the process itself, by which
they are raised, 1s called volatilization.

When heated to the temperature of about 218° of
Fahrenheit’s thermometer, it melts and becomes as li-
qu'id as water. If this experiment be made in 2 thin
glass vessel, of an egg shape, and haviag a narrow,
mouth*, the vessel may be placed upon burning coals
without much risk of breaking it. The strong heat
soon causes the sulphur to boil, and converts it into a
brown coloured vapour, which fills the vessel, and is-
sues with considerable force out from its mouth.

3. There are a great many bodies which, after being
dissolved in water or melted by heat, are capable of as-
suming certain regular figures, If a quantity of com-
mon salt, for instance, be dissolved in water, and that
fluid, by the application of a moderate heat, be made
to fly off in the form of steam; or, in other words, if
the water be slowly‘ evaporated, the salt will fall to the
bottom of the vessel in cubes. These regular figures
are called crystals. Now sulphur is capable of crystal-
lizing, If it be melted, and as soon as its surface be-
gins to congeal, the liquid sulphur beneath be poured
out, the internal cavity will exhibit long needle.shaped
erystals of an octahedral figure., This method of erys-
tallizing sulpbur was contrived by Rouelle. 1f the ex-

A

t 1t is only in this state that sulphur is to be found in commerce to-
lerably pure. - Roll sulpbur usually containsa considerable portion of fo-
reign bodies. ;

* Such vessels are usually called weceivers or flasks by chemists.
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periment be made in a glass vessel, or upon a flat plate
of iron, the crystals will be perceived beginning to
shoot when the temperature sinks to 220°.

3. When sulphur is heated to the temperature of 560%
in the open air, it takes fire spontaneously, and burns
with a pale bluc flame, and at the same time emits 2
great. quantity of fumes of a very strong suffocating
odour. . When set on fire, and then plunged into a jar
full of oxygen gas, it burns with a bright violet colour-
ed flame, and at the same time emits a vast quantity of
fumes. If the heat be continued long enough, the sul~
phur burns all away without leaving any ashes or resi-
duum. ¥ the fumes be collected, they are found to
consist entirely of sulphuric acid. By combustion, then,
sulphur is converted into an acid*. This fact was
known several centuries ago; but no intelligible expla-
nation was given of it till the time of Stahl, That
chemist undertook the task, and founded on his experi-
ments a theory so exceedingly ingenious, and support-
ed by such a vast number of facts, that it was in a very
short time adopted with admiration by the philosophic
world, and contributed not a little to raise chemistry to
that rank among the sciences from which the ridiculous
pretensions of the early chemists had excluded it.
 According to Stahl, there is only one substance in
nature capable of combustion, which\ therefore he call-
ed PurocIsToN ; and all those bodies which can be set

* Acidsare a class of compound bodies, to be afterwards described,
They are distinguished by a sour taste, and by the property which they
possess of changing the blue colour of many vegetable infusions {of the
flowers of mallows, for instance, or red cabbage) to red.

Pol. 1. ¥
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on fire contain less: or more of it. Combustien is
merely the separation of this substance. Those bodies
which contain none of it are of course incombustible.
All combustibles, except those which consist of pure
phlogiston (if there be any such), are composed of an
incombustible body and phlogiston united together.
During combustion the phlogiston flies off, and the
incombustible body remains behind. Now when sul-
phur is burnt, the substanee which remains is sulphuric
acid, an incombustible body. = Sulphur therefore is
compoesed of sulphuric acid and phlogiston.

To establish this theory completely, it was necessary
to show that sulphuric acid can be obtained by separa-
ting the phlogiston from sulphur, and that sulphur can
be actually formed by eombining together sulphuricacid
and phlogiston.  Both of these points Stahl undertook
to demonstrate. I potash* and sulphur be mixed to-
gether and heated, they melt and form a brittle mass
of a brown colour, consisting of the two substances
combined together. Put this compound, previously re-
duced to powder, inte ‘a flat open vessel, and expose it

‘to a gentle fire, the sulphur gradnally disappears, and
'sulphuric acid is found in its place combined with the

potash. In this case, said Stahl, the gentle heat dis-
sipates the phlogisten and leavesthe acid. To form the
sulphur anew, it is only necessary to present to the acid
a body containing phlogiston.  Lamp black or charcoal
is such a body: for it is combustible, and therefore,
according to the theory of Stahl, contains phlogiston :

when burnt, it leaves a3 very inconsiderable residuum,

* The nature of petash shall afterwards be explained;



*.. 7 SULPHUR.

*adédﬂbéquent‘ly contains hardly\ any thing else than

‘phtégilhh “He mixed together in a crucible the com-
pound consisting of sulphuric acid and potash, and one-
fourth part by weight of pounded charcoal, covered the
‘crucible with another inverted over it, and ‘applied a
‘strong heat toit. He then allowed it to cool, and ex-
‘amined. its contents. The charcoal had disappeared,
“and there only remained in the crucible 2 mixture of
potash and sulphur combined together, and of a darker
“colour than usual from the residuum of the charcoal.
Now there were only three substances in the crucible
at first, potash, sulphuric acid, and charcoal; two of
these have disappeared, and su/pbur has been found in
their place.  Sulphur then must have been formed by
the combination of these two. But charcoal consists of
phlogiston and a very small residuum, which 1s still
found in the crucible. The sulphur then must have
been formed by the combination of sulphuric acid and

phlogiston*®.  This simple and luminous explanation |

appeared so satisfactory, that the composition of sulphur
was long considered as one of the best demonstrated
truths in chemistry.

There are two facts, however, which Stahl either did
not know, or did not sufficiently attend to, neither of
which is accounted for by his theory. The first is,
that sulphur will not burn if air be completely exclu-
ded ; the second, that sulphuric acid is heavier than the
sulphur from which it was produced.

To account for these, or facts similar, to these, suc-

# Stahl's Opusc. Chymico-Physice-Med. Anatomia sulphuris Comm.
P 749-
Fz2
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ceeding chemists refined upon the theory of Stahl, dee
prived his phlogiston of gravity, and even assigned it
a principle of Jewity. Still, however, the necessity of
the contact of air remained unexplained. At last Mr
Lavoisier, who had already distinguished himself by
the extensiveness of his views, the accuracy of his ex-
periments, and the precision of his reasoning, under-
took the examination of this subject, and his experi-
ments were published in the memoirs of the Academy

.of Sciences for 1771, He put a quantity of sulphur in-

to 2 large glass vessel filled with air, which he invert-
ed into another vessel containing mercury, and then set
fire to the sulphur by means of a burning-glass. It
emitted a blue flame, accompanied with thick vapours,
but was very soon extinguished, and could not be again
kindled. There was, however, a little sulpburic acid
formed, which was a good deal heavier than the sul-
phur which had disappeared ; there was also a diminu-
tion in the air of the vessel proportional to this increase
of weight. The sulphur, therefore, during its conver-

_sion into an acid, must have absorbed part of the air.

He then put a quantity of sulphuret of iron, which con-
sists of sulphur and iron combined together, into a glass
vessel full of air, which he inverted over water*. The
quantity of air in the vessel continued diminishing for
eighteen days, as was evident from the ascent of the
water to occupy the space which it had left; but after
that period no further diminution took place. On ex-
amining the sulphuret, it was found somewhat heavier

* This experiment was first made by Schecle, but with a differen:
view
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than when first introduced into the vessel, 'and the air
of the vessel wanted precisely the same weight.  Now
this air had lost all its oxygen; consequently the whole
of that oxygen must have entered into the sulphuret,
Part of the sulphur was converted into sulphuric acid ;
and as all the rest of the sulphuret was unchanged,
the whole of the increase of weight must have been
owing to something which had ‘entered into that part
of the sulphur which was converted into atid. = This
something we know was oxygen.  Sulphuric acid
therefore must be composed of sulphur and oxygen;
for as the original weight of the whole contents of the
vessel remained exactly tlie same, there was not the
smallest reason to suppose that i substance had left
she sulphur, -

It is impossible then that -sulphur can be composed
of sulphuric acid and phlogiston, as Stahl supposed,
since sulphur itself enters as a part into the composi-
tion of that acid. There must therefore have been
some want of accuracy in’the experiment by which
Stahl proved the compoesition of sulphur, or at least
some fallacy in his reasonings ; for it is impossible that
there can be two contradictory: facts. - Upon exami-
ning the potash and sulphur produced by Stahl’s expe~
riment, we find them to be considerably lighter than
the charcoal, sulphuric acid, and potash originally em-
ployed.  Something therefore has made its escape during
the application of the heat. Anrd if the experiment be
conducted in a close vessel, with a pneumatic apparatus
attached to it, a quantity of gas will be obtained exact-
ly equal to the weight which the substances operated on
have lost ;.and this weight considerably exceeds that of

all the charcoal employed. This gas'is carboric acid

85
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gas, which 'is composed:’ of charcoal and oxygen.
We ‘now perceive what: passes in this experiinent:
Charcoal ‘has a stronger affinity for oxygen at a high
temperature than sulphur has. When charcoal there-
fore is presented to sulphuric acid in that tempera-
ture, the oxygen of the acid combines with it; they
fly off in .the form of carbonic acid’ gas, and’the sul}
phur is left beliind. ~ In Stahl’s first’ e.xpéi:iment the
change of sulphur into sulphuric acid was obvxously‘
owing to the ‘absorption of oxygen from the air. 'Hence
the reason’ why the mixture must be placed in‘an'open
vessel. + The combustion of sulphur, then, is’ mthmg
else than the act of its combination with oxygen. |

From the slow combustibility of sulphur; and the
difficulty of condensing the acid fumes, it wasinot' pd‘s-‘
sible for - Lavoisier to l'ascertain with ‘how “much it
unites durmg its combustlon in' oxygen gas; but 1:
may be converted inte ‘sulphutic acid" by: bo:lmg it m
a quan’nty 'of nitric acid®: and the proportion’ of’ oky-
geni with ‘which it has-dhited may be deduced from
the increase. of 'its weight, ' Fhis  experiment wiad first
tried by Berthollett 3 but his apparatus 'did not enable
bim to attain' precision: * Thenard $ and Chénevingré-
peated it/ Iate]y, and with: proper precautionss’ Accord-
ng'to the first, 160 parts’of sulphur ‘unite with 80 ;
according to the last; with 626 of oxygen. <But both of
these chemlsts fell mto a nmlstakc in estlmatmg the.

okl
vitanilg 4!

# "This acid, called in common language agua fortu, wxﬂ bc dcsmbcq
hereafter. * v i

t Mem. Par. 1981, p. 233. 3 Ahn.de Chinl $x3ih, 68,

§ Trish Irans. 1802, p. 233 fsoareds o
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quantity of sulphuric acid formed, which has been a-
voided 'in a late. experiment on the same subject by

Klaproth." The estimate of this eminent chemist, there- .
fore, may be considered as approaching as nearly to-

precision as the present state of the science admits. Ac-
cording to him sulphuric acid is. composcd of |
Susigoe o0l 4203 sulphur :
fisrobng 577 oxygem

"FO0:0l 2arl \ >

or 100 parts of sulphur: combined wmh 136°5 of oxy=:

gen*‘ 83881 yivery -oft ¢ 3@
4. But sulphur does not always unite w1fh so.great.a
quantity of oxygen : indeed it usually burns with a
blue flame, and emits an’ exceedingly offensive smell.
This smell is: occasioned by the escape of a gas, which
may be confined in proper vessels: itis sudpbyrous acid.
By adding oxygen to it, we may convett it into sul-
phuric acid; a proof that it contains less oxygen:than
that acid. = i From a set of -experiments which I made
onfsulphurous acid, it follows, that it consists of §2 parts
of 'sulphuric acid united to 18 of sulphur Hence its
constituents must be :

53 sulphur

<47 oxygen

t 10 21100, f
or 100 sulphur and 886 oxygen.s

5. If sulphur be kept melted in an openvessel, it be.
comes gradually thick and viscid. -When in this state,

# Gehlen’s Jour, v. 109,
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if it be poared into a bason of water, it will ‘be found
to be of ared ‘colour, and as soft as wax. = In this
state it is employed to take off impressions from seals
and medals. These casts are known in this country by
the name of sulpburs. * 'When exposed. to the air for a
few days, the sulphur soon recovers its original brittle-
ness, but it retains its red colour. It is supposed at
present, that sulphur, rendered viscid and red by a
long fusion, has combined with a little oxygen ; hence
the term owide of sulpbur has been applied to it. This
substance, when newly made, has a violet colour; it has
a fibrous texture; its specific gravity is 2:325; itis
tough, and has a straw colonr when pounded. 1 found
that 100 parts of it, 'when converted into sulphuri¢
acid 'by means of nitric acid, became 226 parts, and
therefore had united with 120 parts of oxygen.  Hence
it follows, that 1077°3 parts would form 236 parts of
sulphuric acid : but 100 parts of sulphur would'form
the 'same quantity of acid ; ‘therefore 107 parts of our
oxide, by this reasoning, are composed of 100 sulphur
and 'seven oxygen*.’ AW o

6. When sulphur is first obtained by precipitation
from any liquid that holds it in solution, it is always of
a white colour, which gradually changes to greenish
yellow when the sulphur is exposed to the open air.
If this white powder, or Jac sulphuris, as it is called, be
cxposéd to a low heat in a retort, it soon acquires the
colour of common smlphur ; and; at the same time, a
quantity of water is deposited in the beak of the ‘re-
tort. On the other hand, when a little water is dropt

#* Nicholson’s Jour. vi, 102,
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into melted sulphur, the portion in contact with the

water immediately assumes the white colour of Jac sul-:

phuris. If common sulphur be sublimed into a vessel
filled with the vapour of water, we obtain Jac sulpburis
of the usual whiténess, instead of the common flowers of

sulphur. These facts prove that lac sulpburis is a coms:

pound of snlphur and water. Hence we may conclude
that greenish yellow is the natural colour of sulphur.
Whiteness indicates the presence of water ¥,

7. Sulphur unites very: readily to hydrogen, and
forms a compound known by the name of sulpbureted
bydrogen gass . 'Thatsuch a gas existed, and that it was
inflammable, had 'been observed by Rouelle 1 ; but its
properties and composition were first investigated by
Scheele 1n 1777, who must therefore be considered as

the real discoverer of it{. Bergman, in 1778, detailed:

its properties at greater length §, having examined it
probably after .rea\ding the experiments of Schcple; In
14786, Mr Kirwan published a copious and _ingepioé;
set of experiments on it ¥*,, The Dutch chemists exa-

mined it in 1792 1+, and in 1794 Berthollet, with his

usual sagacity, still further developed its properties 11 ;
and since that time several important facts respecting
1t have been ascertained by Proust.and Thenard.

This gas may be procured by the following process..
Melt three parts of 1ron filings and 'two parts of sul-
phur in 2 close crucible, and continue the heat till the

* Nicholson’s Jour. vi. p. 102. + Macquer’s Dict. i. 520.

i Schecle on Air and Fire, p. 186, Engl, Trans,

§ See his T}cazisc on Hot Mineral Waters, Opusc. i. 233. and Engl.
Trans. i. 290. ‘ : &% PLil. Trans. 1786, p. 118"

tt Ann. de Clim. xiv. 294. $t Jbid. xxv. 233,

Chap. I1.

S;u]phnte-
ted hydro-
gen gas,



[¢1e]

Book I.
Divisiom ¥’

How pre-
pared.

SIMFLE COMBUSTIBLES.

sulphur ceases to sublime.  Let the mixtare cool, re-
duce it'to powder, and put it, with a little water, into a
glass vessel with two mouths. Lute a crooked glass
tube to one of these mouths, and let the other extremi-
ty of it pass under a glass jar full of water. Pour mu-
riatic’ acid through the 'other mouth, and then imme=
diately close it up. Sulphureted hydrogen gas is dis-
engaged abundantly, and fills the glass jar *.  This gas
was first called stinking sulpbureous airy then bepatic air,
and'after Gengembre had- ascertained: its' composition

-, it got the name of sulphaureted bydrogen.

Its proper-
tics.

- It is colourless, and possesses the mechanical proper-
ties of air.” “It has a strong fetid smell, not unlike that
of rotten eggs. It does mot support ‘combustion, nor
can'animals breathe it without suffocation. . Its speci-
fic gravity, according to the experiments of Kirwan,is
1'¥06, that of air being 1:000 +3.but Thenard makes
itlas high as 1231 1. " 100 inches of 'it, according ta
Kirwan’s estimate, at the temperature of 60°, barometer
30 inches, weigh 24286 grains; but according to The-
nard’s estimate, they weigh 3817 gtaias. ¢ o

This'gas is absorbed by water very rapidly: From
the late-experiments of Henry, welearn:that 100 cus
bic inches of that liquid is capable, at the temperature
of 50°; of absorbing 108 inches of sulphureted hydro-
geng.. The water 'thus impregnated is colourless, but
it has the smell of gas,and a sweetish nauseous taste.
Lt converts vegetable blue colours to red, and has many

¥ Scheele, on Air and Fire, p. 186, 4 On Pblogisior, p. 31.
1 Anp, de Chim. xxxii, 267. § PEil. Trans. 1803, p. 274
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other properties analagous to those of acids. When
the liquid is exposed to the open air the gas gradually
makes its escape.

‘When sulphureted hydrogen gas is set on ﬁre, it
burns with a bluish red flame, and at the same time
deposits a quantity of sulphur. | When the electric
spark (is passed through it, sulphur is deposited, but
its bulk is scarcely altered*. - It deposits sulphur also
when agitated with nitric acid, or when that acid>is
dropt into water impregnated with itt. When mixed
with common air-it burns rapidly, but does not exi
plode. When mixed with itsown bulk of oxygen gds,
and fired by electricity, an explosion is produced, and
no sulphur deposited ; but the inside of the glass is
moistened thh water,  The products in this case are
su]phunc acid and water. . It was experiments sxmxlar
to this that induced Gengembre to conclude  that thxs
gas is composed of hydrogen and ‘sulphur. He ex:
plained its formation by supposing that the sulphur,
when united to iron, acqmres at strong tendency to
absorb oxygen. Accordingly it decomposes water,
which is always present, and unites to its oxygen. By
this means a part of the sulphur is converted into sula
phuric acid, as had been observed by Scheelet: The
hydrogen of the water, at the instant of its evolution,
co:mng in contact with the rest of the salphur, dissolves
a portion of it, and forms sulphureted hydrogen. ' The

Putch chemists have shown, that when carbureted hy-

drogen gas is passed through melted sulphur, the sul-

# Austin, Pbil. Trani. 1788,p. 385,
f Schcelc, o A:r and Fire. p. 190.. 1 Thid. 192,

’
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phur is blackened (they supposed by the deposition of
charcoal), and the gas assumes the properties of sul-
phureted hydrogen*. This demonstrates the presence
of hydrogen in it, though neither they nor Kirwan suc-
ceeded in forming sulphureted hydrogen by passing
hydrogen gas throngh melted sulphurt.
 To ascertain the constituents of this gas, Thenard
dissolved ' 1007 -cubic inches of it in water, and by
means of an acid converted all the sulphur that they
contained into sulphuric acid. = The sulphuric acid ob-
tained, according to his estimate, weighed very nearly
4912 grains. Now if we snppose sulphuric acid. com=
posed, of 100 sulphur and 1365 oxygen, we obtain
208 grains for the sulphur contained in 100°7 inches
of this gas: but.100:7 .inches weigh, according to
Thenard, 38:44 grains. The difference of the two
weights must be ascribed to hydrogen ;' of course sul-
phureted hydrogen is composed of

208 sulphur

176, hydrogen

384

Hence 100 parts of hydrogen are combined in the gas
with 1318 parts -of sulphurt.  If this analysis be
precise, it follows, that 100 cubic inches of hydrogen
gas, in order to be converted into sulphureted hydrogen,
combine with about 3. grains of sulphur, and are con=
verted into about 14 cubic inches: so. that hydrogen

* Ann. de Chim.xxi. §3.

+ Gengembre says, that he succeeded in obtaining sulphureted hydrogen
gas by heating sulphur in hydrogen gas by means of 2 burning glass,

§ Annde Chim. xxxii. 367. 5adky
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as, by dissolving sulphur, is reduced to little more than  Chap. 1.
‘g',da :gitsoriginil bulk *. <o g
- Thisgas has the property of dissolving a small quan~ Dissolves
tity of phosphorus. Nothing more is necessary than Phosphorus
to allow bits of phosphorus to remain fer some hours
in glass jars filled with the gas.  'When common air is
admitted to this compound, a very voluminous bluish
-flame is' produced, owing evidently to the combustion
of ‘the dissolved phosphorus.  When the hands or a
“spunge are plunged into it, they continue luminous in
the air for some time aftert.

8. Sulphur acts with considerable energy upon char- Action of
coal when assisted by heat. The phenomena were :‘;,?;};:{m
first observed by Messrs Clement and Desormes, during
a set of experiments on charcoal. The process which
they followed was this: Fill a porcelain tabe with char-
coal, and make it pass through a furnace in such a way
that one end shall be considerably elevated above the
other. To the lower extremity lute a wide glass tube,
of such a length and shape that its end can be plunged
to the bottom of a bottle of water. To the elevated
extremity lute another glass tube filled with small bits
of sulphur, and secured at the further end, so that the
salphur may be pushed forward by means of a wire,
without allowing the inside of the tube to communicate
-with the external air., Heat the porcelain tube, and
consequently the charcoal which it contairs, to redness,

* It is necessary to remark, that in all probability hydrogen unites ta
at least two dozesof sulphur. Thenard’s gas seems, from its specific
-gravity, to have contained more sulphur than Kirwan’s,

$ Fourcroy and Vauquelin, £un 4 Chim. vxi. zc6. ¢
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and continue the heat till air-bubbles cease to come from
the charcoal ; then push the sulpbur slowly, and piece
after piece, into the porcelain tube. A substance passes
through the glass tube, and condenses under the water
-af the bottle into a liquid*.

This liquid was obtained by Lampadins in 1796,
while distilling a mixture of pyrites and charcoal, and
described by him under the name of aleobol of sulpbur t.

' From a late and more detailed set of experiments on it,

he drew, as a conclusion, that it is a compound of sulphur
and hydrogeni. But Clement and Desormes consider-
ed it as a compound of sulphur and charcoal ; and in-
form us, that when it is exposed to evaporate in open

_ vessels a portion of charcoal remains behind. The sub-

ject has been lately investigated with accuracy by Ber-
thollet junior§. From his experiments it follows, that
the opinion of Lampadius is correct, that the liquid in
question is a compound of sulphur and hydrogen with-
out any perceptible mixture of carbon, and that it con-
tains a greater proportion of sulphur than sulphureted
hydrogen. 'We may therefore give it the name of su-
persulpbureted hydrogen.

This liquid is transparent, and colourless when pure,
but very frequently it has a greenish yellow tinge. Its
taste is cooling and pungent, and its odour strong and
peculiar. Its specific gravity is 1°3.- It does not mix
with water.  When put into the receiver of an air
pump, and the air exhausted, it rises in bubbles through
the water and assumes the form of a gas. The same

* Aun.de Chim. ulit, 136, + Crell’s dirnalepnt 7965 iic2g6e
t Qchlen’s Jour. ii. 162. ‘§ Wewm., IV Ascuctly 1. 3044



SULPHUR.

change takes place when it is introduced to the top of Chap.IL

a barometer tube ; but it is again condensed into a li-

quid when the tube is immersed under mercury.

“This compotind burns easily like spirit of wine and
many other liquids. During the combustion it emits a
sulphureous edour.. When a little of it is put into a
bottle filled with oxygen gas, it gradually mixes with
the oxygen, and asumes the gaseous form. If a barn-
ing taper be applied to the mouth of the bottle, the
mixture burns instantaneously, and with an explosion
so violent as to endanger the vessel. It assumes the
gaseous form in the same way when placed in contact
with air. This mixture does not detonate when kindled,
but burns quietly. /

This liquid dissolves phosphorus readily. It dis-
solves likewise a small portion of sulphur ; but has no
action whatever on charcoal*.

During the action of the sulphur on the charcoal a
considerable portion of sulphureted hydrogen gas isalso
evolved. Indeed it appears from the experiments of
Berthollet, junior, that the formation of the supersul-
phureted hydrogen, in a liquid state, depends upon the
proper regulation of the heat, and upon the ra.pidity
with which the sulphur comes in contact with the char-
coal. "When too much sulphur is passed through the
charcoal, part of it escapes.and condenses, but tetains
in it a portion of hydrogen. The proportion of hydro-
gen in the liquid which condenses, and likewise in the
gas formed, varies considerably according to circum-
stances.

* Ans.de Chim. xlii. 136. r
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These experiments demonstrate that charcoal cons
tains hydrogen as a constituent. The charcoal which
remains in the tube after the process is unaltered in its
appearance, but it retains a little sulphur, with which
it is chemically combined. - This sulphur may be
burnt away by the application of heat in the open air.
But the charcoal itself remains unconsumed, and does
not burn without difficulty even when kept in a strong
red heat.

By the application of a sufficiently strong and long
continued heat to the charcoal while sulphur is made to
come in contact wiihit, the whole disappears, and a gas
passes over, which from the examination of Berthollet
appears to be a triple compound of sulphur, carbon,
and hydrogen*,

. 9. Sulphur and phosphorus readily combine with
each other, as was first ascertained by Margraft. Pel-
Ietier afterwards examined the combination with caret.
Some curious observations were published on the for-
mation of this compound by Mr Accum§ ; and soon af-
ter the circumstances under which it takes place were
explained with precision by Dr Briggs||.

All that is necessary is to mix the two substances
together, and apply a degree of heat sufficient to melt
them, as Pelletier first observed. ~The.compound has
a yellowish white colour, and a crystallized appear-
ance. The combination may be obtained by heating
the mixture in a glass tube, having its month properly

* Mem. D’Arcueil, i 324. + Opuse. i. 1.
3 Four. dz Phys, xxxv. 382. § Nicholson, vi.
§ Bid. vii, 53. : . § Briggs, Jbid,
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secured from the air. The sulphuret of phosphorus;  Chap. Il

thus prepared, is more combustible than phosphorus.
if it be set on fire' by means of a hot wire, allowed to
burn for a little, and then extinguished by excluding
the'air, the phosphorus, and perhaps the sulphur, is oxi-
dized, and the mixture acquires the property of ta-
king fire ‘spontaneously as soon as it comes in contact
with air*.

The combination may be procured also by putting
the two bodies into a retort, or flask, filled with water;,
and applying heat cautiously and slowly. They com-
bine together gradually as soon asthe phosphorus is
melted. It is necessary to apply the heat cautiously,
because the sulphuret of phosphorus has the property
of decomposing water, as had been observed by Mar-
graf, and ascertained by Pelletier. The rate of decom-
position increases very rapidly with the temperature, 2
portion of the two combustibles being converted into
acids by uﬁiting to the oxygen: the hydrogen at the
moment-of its evolution unités with sulphur and phos-
phorus, and forms sulphureted and phosphoreted gases.
This evolution, at the boiling temperature, is so rapid
as to occasion violent explosions, as I accidentally ob-
served some years ago. - Mr Accum has lately exami-
ned the citcumstanees attending this explosion, and found
that the gas emitted bufns spontaneously; and leaves
phosphoric and sulphuricacids.  The sulphuret of phos-
phorus. formed under water has a yellow colour. It

gives to the water in which'it is kept an acid taste,

and the smell of sulphureted hydrogen. It burns, ac-

* Briggs, lbid.
¥l 1. : G
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cording to Dr Briggs, at a temperature considerably
lower than a similar compound made in the dry way.
This induces him to conclude, that during the combi-
nation 2 little water is decomposed, and the oxygen ex-
pended in converting the sulphur and phosphorus into
oxides.

The sulphuret of phosphorus may be distilled over
without decomposition. Indeed it was by distillation
that Margraf first obtained it. Sulphur and phospho-
rus, by combinirg, acquire a considerable tendency to
liquidity ; and this tendency is a maximum when the
two bodies are combined in equal proportions. The
following table exhibits the result of Pelletier’s expe-
riments on the temperatures at which the compound be-
comes solid  when the substances are united in various
proportions ™ :

8 Phosphorus ; 4
1 Sulphur } congeals at 77

8 Phosphorus

2 Sulplfur . } Rl e o g
s Phosphorus

4 Sulphur: } 55 % SN DI
8 Phosphorus

8 Sulphur } avesseses 2t 41°
4 Phosphorus’ y
8 Sulphur % g agee at 54°5° .
2% Phosphorus

ST Sulpgur } ecseassas af 99°5%

"% Ann. de Chim. iv. 10.
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 When the sulphur predominates; this compound may  Chap. It.
bc called phosphuret of sulphur ; when the phosphorus
! ex.t.'eeds, it may be called sulpburet of phosphorus.

10. From an experiment of Mr Clayfield made in
1799, and lately described by Mr Davy*, and from si-
milar experiments performed still ‘more lately by Ber-
thollet juniort, there is reason to conclude that salphur
contains hydrogen ds a constituent. Mr Clayfield dis«
tilled a mixture of three parts copper filings, and one
part powdered sulphur, both well dried, and obtained
a quantity of sulphureted hydrogen gas.  Berthollet dis-
tilled sulphur mixed with copper, and with iron, and
with mercury, and obtained the same- gas; especially
when mercury was used. Sulphur, then, is in all pro-
bability a compound. But as we are ignorant of the
other constituent of this substance;, and as we do not
know whether the hydrogen entets into the composi-
tion of sulphuricacid, we cannot venture as yet to place
it in the class of compound combustibles.

o

Such are the properties of the simple combustibles,
and such the combinations which they form with oxy-
gen and with each other. Hydrogen, 2s far as we know
at present, is really a simple body ; but charcoal, phos-
phorus, and sulphur, are certainly compounds containing
hydrogen 4s a constituent. Whethek this hydrogenenters
into the acid compounds which these three bodies form

¥

&« On the decomposition and composition of the fixed alkalies.  Phil,
Trans. 1808, 3
+ Mem. D’ dreueil, i. 327,
G2
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with oxygen ; or whether these acids consist merely of
the other unknown coustituent combined with oxygen,
has not been determined. But the first of these sup-
positicns is probable, though it would be difficult to as-
certain its truth by actual experiment.

Hydrogen in a separate state can only be exhibited
in the state of gas, and cannot therefore be compared
with the rest in its properties. Carbon isalways solid,
and cannot be fused, far less volatilized, by any degree
of heat which we can raise. Sulphur and phosphorus
bear a striking resemblance to each other. They are
both solid, both fusible by heat, both volatilizable, and
both boil and assume the form of vapour when suffi-
ciently heated.

It is the combustibtity of these bodics, and the strong
tendency which they have to unite with oxygen, which
constitutes their charateristic property. They are all
capable of condensing a certain determinate portion of
this principle ; and when once they have combined with
that portion, they cannot unite with any more. Ia che-
mical language, they are then'said to be saturated with
oxygen.. Now the proportion of oxygen with which
each is capable of uniting, is exceedingly different, as
will appear. from the following table :

100 hydrogen unites with 597*7 oxygen
100 carbon ¢t v v ee s 257°0
100 phosphorus . «.v... 154°0
100 sulphur ¢ .ouvvves 1387

This differenc: claims particular attention. Berthollet
has ingeniously supposed that the affinity of one body
for another is proportional to the quantity of it which
it is capable of condensing. The phenomena of che-
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- mistry agree well with this supposition. = But if we ad-

it it, we must suppose the affinity of the simple com-
bustibles for oxygen to be in the order which we have
followed in describing them. Hydrogen will have the
greatest affinity, carbon will be next, then phosphorus ;
and sulphur will have the weakest affinity of all.
Hydrogen when saturated with oxygen forms water;
the other three combustibles form acids, the corrosive
qualities of which become stronger, the smaller the
quantity of oxygen necessary to saturate the combusti~
ble. This fact is curious. - Berthollet. supposes that
the properties of oxygen are’disguised bes¢ when it is

combined with those bases for which it has the strong-

est affinity, and that its predominant qualities begin to
display themselves as the affinity of the base diminishes.
This notion, which is ingenious enough, if applied to
oxygen, would lead us to conclude, that when in 2 con-
densed state it is of a corrosive nature, unless when its
action is checked by the body to which it is united. A
notion that accords well with the great activity of this
important substance.

- Hydrogen combiaes only with oxygen in one propor-
tion ; butall the rest are capable of uniting wlth vari-
ous doses of it.

Carbon is believed to be capable of uniting w:th three
doses of it. The first compound is supposed to be a
black powder resembling charcoal. It is rather hypo-
thetical at present. When ascertained it may be called
carbonous oxide. The second compound is carbonic ox-
ide gas ; the third cardonic acid.

Phosphorus when imperfectly burnt is convered into
oxide of phosphorus. 'When left exposed to the open air,
it gradnally combines with oxygen, and is converted

1oy
Chap. 1L
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into an acid liquid called phospborous acid. When set
en fire, it combines with 2 maximum of oxygen, and is
converted into white ﬂakes, destitute of smel] called
phosphoric acid.

Sulphur, when kept long in a state of fusion, com-
bines with a small dose of oxygen, and is converted in-
to oxtde of sulpbur. ~When heated to 560° in the open
air, it burns with a blue flame, combines with oxygen,
and forms an acid which has a peculiarly suffocating
odour, and 1is called suzbpburous acid. ~When mixed
with ﬁitre and set on fire, it combines with a maximum
of oxygen, and forms an ac1d without smell called suls.
plmrw acid.

All the simple combustibles are capable of combining
with each other. Chemists have agreed to give to all
such combmatlons a name ending in wret, and derived
from that ingredient which is supposed to characterize
the compound Thus we have sulpburet of phosphorus,
of carbon, and of hydrogen ; but the last compound be-
ing’ gaseous, is usually 'denominated sulpbureted hy-
drogen gas. We have likewise phosphuret of sulphur,
of ¢arbon, and" of hydrogen, or phosphureted. hoydrogen
gas.” 'We have also two species of carbireted hydra-
gen gas. Al these compounds retam their combustq.

blhty
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"Tae characteristic property of those substances:which Characters.

4 term simple” incombustibles, is a strong tendency to

‘unite to oxygen ; the combination is not accompanied
‘by the emission of heat and'light, and the compounds
formed are capable of supporting’ combustion. = Only
two substances possess this character ; namely, azote
and muriatic acid. There are indeed two other incom-
bustible bodies not hitherto decompounded ; but they
do not combine with oxygenat all: and at present ana«
logy leads us to place them among the compounds. -

5
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I. Azon:, called also NITROGEN, by some chemists,
may be procured by the following process: If 3
quantity of iren filings and sulphur, mixed together,

and . moistened with: water; be put into a glass ves-

‘sel full of air, it will absorh all the oxygeninthe. course

of a few days 3 but a cons;derable res¢duum of air will
still remain incapable of any further diminution*, This
residuum _has: .obtained the appellation of ezotic gas,
There, are other methods of obtaining it more speedily.
If phosphorus, for instance, be substituted for the iron-
filings and sulphur, the absorption is completed in less
than 24 hours. The following method, first. pointed
out by Berthollet, furnishes very pure azotic gas, if the
proper precautions be attended to. Very much dlluted
aguafortis, or mitric acid as it is called in chemistry, is
poured upon a piece of muscular flesh, and a heat of
about 100° applied. A considerable guantity of azotic
gas is emitted, which may be received in proper ves-
sels. ‘ '
This gas was discovered in 1772 by Dr Rutherford,
now professor of botanyin the university of Edmburgh*f

* 'This experiment was first made by Dr Hales.
+ See his thesis De Aere Mpbitico, published in 1772.~ Sed aer sa«
tubris ¢t purus respirationem animali non modo ex parte fic mephiticus, s2&
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Scheele procured it by the first mentioned process es
early as 1776, and proved that it was a distinct fluid *.
.. 1. The air of the atmosphere contains about 0:79
parts, (in bulk) of azotic gas ; almost all the rest of it
is oxygen gas.. Mr Lavoisier was the first philosopher
who, published this analysis, and who made azotic gas
known as a component part of air., His experiments
were  published in 1773 +.  Scheele’s. Treatise on Aiwr
and Fire, in which his analysis is contained, was not
published till 1777. :

2. Azotic gas is.invisible and elastic like common
air, which it resembles in its mechanical properties.
It has rio smell. . Its specific gravity, according to Kir-
wan, 1s 0'985 I, that of air being 1:000. Lavoisier
makes it only '0:918 §, and with this the statement of
Davy coincides exactly ||, . Accerding to Mr Kirwan,
100 cubic iniches of it, at the temperature of 60°, ba-
rometer 30 inches, weigh 307535 grains ; according to
Lavoisier and Davy, they weigh 30°338 grains.

3. It cannot be breathed by animals without suffoca-
tion. If obliged to respire it, they drop down dead-al-

£t aliam indalis suz mutationers inde patitur. _ Postquem emim omnis aer
mephiticus (carbouic acid gas) ex eo, ope lixivii caustici secretus ¢t abduc-
tus fuerit, qui tamer restat nullo modo salubrior inde evadit ; nam quam-
vis nullam ex aqua calcis przcnpxmtxonem faciat haud minus quam antea
ot fammamet vitam extinguit,” Page 17. When Hauxbee passed air through
red-hot metallic tubes, he must have cbtained this gas; but at that time.
the difference between gases was 2scribed to fumes held in solution, See
Phil. Trans. Abr. v.61 B

* On Air and Fire, p- 7

+ See his remarks on Schecle’s works, Mem. Par. 1781, p. 397.

$ On Pblogiston, p. 27. § Lavoisier’s Elements.
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most instantly*,  No combuastible will burn in it.
Hence the reason why a candle is extinguished in at~
mospherical air as soon as the oxygen near it is con-
sumed. Mr Goettling, indeed, published, in 1794,
that phosphorus shone, and was converted into phoé-
phoric acid, in pure azotic gas. ~ Were this the case,
it would not be true that no combustible will burn ‘in
this gas; for the conversion of phosphorus into an acid,
and ‘even its shining, is an actual though slow: combus«
tion. Mr Goettling’s experiments were soon after re-
peated by Drs Scherer and Jaeger, who found, that
phosphorus does not shine in azotic gas when it is per-
fectly pure ; and that therefore the gas on which Mr
Goettling’s ‘experiments were made had contained -a
mixture of oxygen'gas, owing principally to its having
been confined only by water. These results were af-
terwards confirmed by Professor Lampadius and Pro-
fessor Hildebrandt. It is therefore proved beyond a
doubt, that phesphorus does not burn in azotic gas; and
that whenever it appears to do so, there is always some
'oxygeﬁ gas present §. 3 AN 50

4. This gas is not sensibly absorbed by water ; nor
indeed are we acquainted with any liquid which has
the property of condensing it. Dr Henry ascertained,
that when water 1s previously deprived of all the air
which it contains, 100 inches of it are capable of ab-
sorbing only 147 inches of azotic gas at the tempera-
ture of 60° 1.

* Hence the name azot, given it by the French chemists, s which slg-
pifies ¢ destructive to life.”
# Nicholson’s Journal, ii. 8 3 Pbhil. Trans. 1803, p. 274.
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IL. 1. When electric sparks are made to pass threugh
common air confined in ‘2 small glass tube, or through a
mixture of oxygen gasand azotic ‘gas, the bulk of the
air diminishes. This curious experiment was first made
by Dr Priesiley, who ascertained at: the same time,
that if a little of the blue infusion of: Zzzmus: be let up
into the tube/it-acquires a red colour *; ‘hence it fol-
lows  that an acid is generated, « Mr Cavendish ascer-
tained, that the diminution depends upon sthe propor-
tion of oxygen and azote present ; .that when the two
gases are mixed.in the proper. proportions they disap-
pear, altogether, being converted into nitric acid. Hence
he dnferred that nitric acid is formed by the combination
of these two bodies. . This important discovery was
communicated to the Royal Scciety on the 2d June
1785. The combinatjon of the gases, and the forma-
tion of the acid, was much facilitated, he found, by
introducing iato the tube a solution of potash in water.
This body united with the nitric acid as it was pro~
fuced, and formed with it the salt called nitre. In Mr
Cavendish’s first experiments there was some uacer-
tainty, both in the proportion of oxygen gas and of
common air which produced the greatest diminution n
a given time, and in the proportion of the two gases
which disappeared by the action of the electricity. The
experiment was twice repeated in the winter 1787-8
by Mr Gilpin, under the inspection of Mr Cavendish,
and in_ the presence of several members of the Royal
Society. The_ last of these experiments, which was
;:qugcted with every possible precaution to easure ac-

* Priestley on Air, ii. 248,
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curacy, I shall consider as nearest the truth. It lasted
rather more than a month. During the course of it
there were absorbed 4090 measures of oxygen gas
contaminated with 4% part of azote, and 2588 mea«
sures of common air. Now if we suppose that com-
mon air contains 29 parts in the 100 of oxygen gas,
and make the necessary corrections, we shall have 4532
measures of oxygen gas, and 2146 measures of azotic
gas, or very nearly 2 measures of azotic gas to 4} of
oxygen. 4532 inches of oxygen weigh about 154
grains, and 214°6 measures of azote about 65 grains,
According to this statement, we have nitric acid com-
posed of 100 parts by weight of azote united to 236 of
oxygen; or in the hundred parts
& 29°77 azote
70°23 oxygen

100°00*

This result agrees almost exactly with the subsequent
experiments of Mr Davy, according to which the con-
stituents of nitric acid are 3

295 azote

70°5 oxygen

1000+

2. Nitric acid is 2 heavy liquid, usually of a yellow
colour, which acts with great energy upon most sub-
stances, chiefly in consequence of the facility with which
it yields a portion of its oxygen. If alittle phospho-
rus or sulphur, for instance, be put into it, the acid

* Pbil, Trans. 1788, p. 266. ¥ Researcpes, p. 565,
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when a little heated gives up oxygen to them, and con-
verts them into acids precisely asif the two bodies were
subjected to combustion. In this case the nitric acid,
by losing a portion of its oxygen, is changed into a
species of gas called nitrous gas, which flies off and oc-
casions the effervescence which attends the action of
nitric acid on these simple combustibles. Nitrous gas
is procured in greater abundance, as well as purity, by
dissolving copper or silver in nitric acid. The gas may
be received in a water trough in the usual way. It
possesses the curious property of combining with oxy-
gen the instant it comes in eontact with it, and of form-
ing nitric acid. Hence the yellow fumes which appear
when nitrous gas is mixed with common air. This
combination furnishes a sufficient proof that the consti-
tuents of nitrous gas are azote and oxygen, and that it
contains less oxygen than nitric acid. It is therefore
an oxide of azote.

3. When iron filings are kept for some days in ni-
trous gas, they deprive it of a portion of its oxygen,
and convert it into a gas which no longer becomes yel-
low when mixed with common air, but in which phos-
phorus burns with great splendour, and is converted
into phosphoric acid. This combustion and acidifica-
tion is a proof that the new gas contains oxygen. Its
formation demonstrates that it contains azote, and that
it has less oxygen than nitrous gas. It is therefore an
oxide of azote as well as the last described gas. The
name gaseous oxide of azote has been given to it.

Thus we learn that azote is capable of uniting with
three 'dozes of oxygen, and of forming two oxides and
one acid. We shall find afterwards that there is still
another acid composed of the same ingredients.
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- TII. The conibinations of azote with simple combus.
tibles are scarcely so numerous; but some of them are

of great importance.

" 1. When putrid. urine, wool, shavings of horn, and
many other animal substances, are subjected to distilla-
tion, among other products there is obtained a substance
which has a very pungent odour, and which is well
known under thenames of bartshorn and wolatile al-
#ali*. - It may be procured in greatest purity from the
salt called sal ammoniac. Pound this salt, and put it
into a flask together with thrice its weight of ground
quicklime, and luting on a bent tube, plunge the ex-
tremity of it into'a mercurial trough, and apply heat
to the flask. A" gas comes over, which is bartshora
in a state of purity; by chemists it is usually called
ammonia. It is light, absorbed in great abundance by
water, has’a pungent taste, and gives a green colour to
vegetable blues. When electric sparks are passed
through this gas, its bulk is doubled, and it is converted
into a tixture of hydrogen and azotic gases.

This was considered as a demonstration of its com-
position ; but from the late experiments of Mr Davy,
there is reason to conclude, that besides\ hydrogen and
azote it contains also a portion of oxygent. It is
difficult to form ammonia by uniting its constituents
artificially. - However, Dr Austin succeeded in com-
bining them. j

* The term alkali is applied in chemistry to a variety of substances

which have the property of giving a green colour to vegetable blues,
+ The details will be given when we come to treat of ammonia.
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. When they are in the gaseous state, the union does
not take place ; but when hydrogen, at the instant of its
‘evolution, comes in contact with azotic gas, ammonia is
formed. - Dr Austin filled a jar with azotic gas, placed
it over mercury, and let up into it some moistened iron
filings. . Now iron filings have the property of decom-
posing water.« They unite with its oxygen, and allow
its hydrogen to escape. There was suspended in the
jar a paper tinged blue with radish. In a day or two
it. became green, and thus indicated the formation of
ammonia ; forno'gas but ammonia has the property of
changing vegetable blues to green. ~ When nitrous gas
was substituted for azote, the ammonia was evolved
more speedily. The experiment succeeded also with
common air, but mere slowly *.  When nitrous gas
and sulphureted hydrogen are mixed, ammonia is form-
ed, as Kirwan first observed +. 'In this case the de-
compositions and- new combinations are more com-
plicated.

2. No-compound of azote and carbon is at present
known ; but if we believe Fourcroy, azotic gas has the
property of dissolving a little charcoal.. . For according

-to him, azotic gas, obtained from animal substances by
Berthollet’s process, when confined long in jars, depo-
sites on the sides of them a black matter, which has the
properties of charceal 1.

3. Phosphorus plunged into azotic gas is dissolvedin
a small proportion.  Tts bulk is .increased about % §,

* Pbil. Trans. 1788, p. 322. t Lid. p. 384.
§ Fourcroy, dun. de Chim. i. 45. § Berthollet.
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and phosphureted azotic gas is the result. When this
gas is mixed with oxygen gas, it becomes luminous, in
consequence. of the combustion of the dissolved phoss
phorus..  The combustion is most rapid when bubbles
of phosphureted azotic gas are let up into a jar full of
oxygen gas. When phosphureted oxygen gas, and
phosphureted azotic gas, are mixed together, no light
is produced, even at the temperature of 82° *.

4. Fourcroy informs us, that when sulphur is melted in
azotic gas, part of it is dissolved, and sulpbureted azotic
gas formed. This gas has a fetid odour. Its properties
are still unknown+. It is said to have been lately dis-
covered by Gimbernat in the waters of Aix-la-Cha-
pelle 1.

IV. As azote has never yet Leen decompounded, it
must, in the present state of our knowledge, be consi-
dered as a simple substance. Dr Priestley, who ob-
tained azotic gas ata very early period of his experi~
ments, considered it as a compound of oxygen gas and
phlogiston, and for that reason gave it the name of pblo-
gz'.f;‘z'cated air. According to the theory of Stahl, which
was then universally prevalent, he considered combus-
tion as merely the separation of phlogiston from the
burning body. To his theory he made the following
addition: Phlogiston is separated during combustion by
means of chemical affinity : Air (that is, oxygen gas)
has a strong affinity for phlogiston : Its presence is ne-
cessary during combustion, because it combines with
the phlogiston as it separates from the combustihle y

?

* Fourcroy and Vauquelin, 4nn. de Chim. xxi, 199".
4 Fourcroy, i.200. t Jour.de Chim. ii. 114
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andditieven ‘contributes by its affinity to produce that
separation : (‘The moment the zir has combined with as
muchophlogiston as it can veceive, or, to use a chemi-
cal term, the moment it is saturated with phlogisten,:
combastion necessarily stops, because no ‘more’ phlogis-
ton' can! leave the combustible®: Air' saturated with
phlogiston: is azotic gas. This was a very ingenious
theory, and, when Dr Priestley published-it, exceed-
ingly plausible. A great number of the most eminent

chemists ‘accordingly embraced it: But it was soon af--
ter discovered, that during combustion- the quantity of

air, instead of increasing, ‘as.it ought to do if phlogiston
be added to 't, actually diminishes both in bulk and
weight. < There is no proof, therefore, that during com-
bustion any substance whatever combines with air, but
rather the contrary. It was discovered also, that:a
quantity of air combines with the burning substance due
ring’ combustion, as we have seen to be the case with
sulpbur, ‘phosphiorus, carbon, and hydrogen ;' and that
this air has the properties of oxygen gas. ' These dis«
coveries entirely overthrew the evidence on which Dr
Priestley’s theory was founded. wI
More lately a new theory concerning the composition
of azote has been proposed, and ‘varicusly modified by
different chemists. ~As‘ this theory has occasioned a
controversy which has been maintained i Germany

'
.

* *This ingenious theory was first conceived by Dr Rutherford, asap-
pears from the following passage of his thesis. * Ex iisdem etiam dedu-
cere licet quod ae- iile malignus (azotic gas) componitur cx acre atme-
spherico cum phlagisio unito et quasi saturate, Atque idem confirmatut eo,
guod aer-qui metallorum calcinationi jam inserviit, ‘et phlogiston ab: iis
sbripuit, ejusdem plane sit indolis™  De dére 2Mupbitico, p. 26.
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with a good deal of keenness,” and which has eentribu-
ted towards explaining several very curious chemical
phenomena, I shall give a short account of the whole in
this place. é

In the year 1783 Dr Priestley discovered, that when

. earthen ware retorts, moistened with water in the in-

side, or containing a quantity of moist clay, are heated
above the boiling temperature, very little water issues
from their beak in the form of vapour ; but instead of
it a quantity of air nearly equal to the weight of the
water employed. As this air scarcely differed in its
properties from common air, he concluded at first that

" the water by this process was converted into air. But

he afterwards ascertained, by the most ingenious and de-
¢isive experiments, that the water which had disappear-
ed, had made its way throngh the pores of the vessel,
while at the same time a quantity of external air was
forced by the pressure of the atmosphere into the ves-
sel,.and that this was the air which issued out of the
beak of the retort*.

This conclusien was objected to by Achard of Ber-
lin in 1784, whe endeavoured to prove by experiment,
that whenever steam is made to pass through red hot
earthen tubes, or even metallic tubes, it is converted in-
to azotic gast.  Mr Westrumb drew the same conclu-
sion from an experiment of his own ; and hence infer-
red, that azotic gas is composed of water and beat com-
bined togetherf. In 1796, Wiegleb published a long
paper on the same subject; in which he endeavours,

e Priesqey on A'r, ii. 407, 1 Crell’s Annals, 1785, 1. 304,
§ Bbid. p, 499.

R S — T

TR L W g ..

Y PR —



=

A,'!J‘i“

AZOTE.

Both by reasoning and experiments, to prove the truth
of Westrumb’s theory®. This paper drew the atten-
fion of the'associated Dutch chemists, Deimann, Troost-
wich, ‘and' Lawerenburg ; and induced them to make
a 'very complete set of experiments, an accourit of which
they published 1798+. Their experiments coincided
exactly with those of Dr Priestley. No gas made its
appearance except when the instruments employed were
of earthen ware, ard of corse capable of being pene-
trated by air.  “Wiegleb’s method of making the ex-
periment was to late the tube of a tobacco pipe to a re-
tort containing some pure water. The tobacco pipe
was heated red hot by means of a charcoal fire ; and
thien'the water in the retort being made to hoil, the
steam passed through the red hot pipe. The Dutch
chemists fo'und, that.when instead of a tobacco pipe a
glass or metallic tube was used, or when the tobacco
pipe was covered with a’ glass tube, no gas appeared,
unless the tube was cracked : and that when gas was
obtained, ‘it was always the same with the air on the
outside of the tube ; that'is to say, a mixture of carbo-
nic acid and azotic gas, when the tube was heated in a
charcoal fire, and common air when the tube was with-
drawn from the fire.  Thus'their experiments coincided
precisely with those of Dr Priestley, and led them to
the same conclusion. " Mr Wiegleb attempted to an-
swer the objections of the Dutch chemists, and to esta-
blish his own theory by new experiments; but he has

¥ Jhid. 1796, iis 56 7. + Aun. de Chim. xxvi, 310,
H2
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by no means succeeded ; he has not been able to satisfy
even himself *, .
Soon after Dr Girtanner published a dissertation on
the same subject, in the 34th volume of the Annales de
Chimie. His experiments coincide pretty nearly with
those of Wiegleb and his associates; but he drew from
them very different consequences, and founded on them
a theory almost diametrically opposite. According te
him, azotic gas is obtained whenever water in the state
of vapour comes into contact with clay. Thus, it is
obtained when water is boiled in an earthen retort, or
in 2 glass retort containing a little clay, or ending in an
earthen tube, Hence he concludes, that azotic gas is
composed of hydrogen and oxygen gas combined toge-
ther, and differs from water or vapour merely in eon-
taining a smaller proportion of oxygen+. These very
singular assertions were put to the test of experiment
by Berthollet and Bouillon Lagrange. But though
they adhered implicitly to the directions of Girtanner,
and even varied the process every conceivable way, they
did not obtain a particle of azotic gaé . Girtanner
therefore either never performed these experiments at
all, or he must have been misled by some circumstance
or other. His theory of course falls to the ground.
Thus as all the attemptsto decompose azote have hi-
therto failed, we must of necessity consider it as a sim-
ple sybstance. It must be acknowledged, however;
that there are several chemical phenomena altogether
inexplicable at present ; but which might be. acgounted

* Crell's Annals, 1799, i. 45, &e. t Ann. de Chim. xx3i¥. 3.
t Fbid. xx3V. 23,
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for if it were possible to prove that azote is'a compound,
and that one of the component parts of water enters in-
to its composition. One of these phenomena is the for-
mation of RAIN, which will come under our considera-
tion in the Second Part of this Work : Another is the
constant 'disengagement of azotic gas when ice is melt-
ed. ' Dr Priestley found, that when water, previously
freed from air as completely as possible, is frozen, it
emits, when melted again, a quantity of azotic gas. He
froze the same water nine times without exposing it to
the contact of air, and every time obtained nearly the
same proportion of azotic gas *.

SECT. II.

OF MURIATIC ACID.

I. Muriatic acid, the second of the simple incom-
bustibles, may be procured by the following process :
Let a small pneumatic trough be procured, hollowed
out of a single block of wood, about 14 inches long, 7
broad, and 6 deep. After it has been hollowed out to
the depth of an inch, leave 3 inches by way of shelf on
one side, and cut out the rest to the proper depth, gi.
ving the inside of the bottom 2 circular form. Fig. 8.
represents a section of this trough. Two inches
from each end cut a slit in the shelf to the depth

#* Nicholson’s Jewrnal, iv. 193
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of an inch, and broad enough to admit the end of smail
glass tubes, or the points of small retorts. This trough
is to be filled with mercury to the height of £ inch a-
bove the surface of the shelf. Small glass jars are to
be procured of considerable thickness and strength, and
suitable to the size of the trough. One of them being
filled with mercury by plunging it iuvto:the: trough,
is to be placed on the shelf overone of the slits. Tt
cught to be supported in its position ; and the most con-
venient method of doing that is, to have a brass cylin-
der two inches high screwed intothe edge of the trough
just opposite to the border of the shelf.  On the top of
it is fixed two flat pieces of brass terminating each ina
semicircle, moveable frcely upon the brass cylinder, and
forming together a brass arm terminating in a circle, the

- centre of which is just above the middle of the slit in

the shelf, when turned so as to be parallel to the edge of
the shelf. This circle is made to embrace the jar; be-
ing formed of twa distinct pieces, its size may be increa-
sed or diminished at pleasure, and by means of a brass
slider it is made to catch the jar ﬁrrﬁ]y. 1

The apparatus being thus disposed, two or three oun-
ces of common salt are to be put into a small retort,
and an equal quantity of sulphuric acid added; the
beak. of the retort plunged below the surface of the
mercury in the trough, and the heat of 2 lamp applied
to the salt in its bottom. A violent effervescence takes
place; and air bubbles rush in great numbers from its

“beak, and rise to the surface of the mercury in a vi-

sible white smoke, which has a peculiar odour. = After
allowing a number of them to escape, till it is supposed
that the common air which previously existed in the
retort has been displaced, plunge its beak into the slit
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i the shelf, over which the glass jar has been placed.
The air bubbles soon displace the mercury and fill the
jar. The gas thus obtained is called muriatic acid gas.

This substance in a state of solution in water was
known even to the alchymists; but in a gaseous state it
was first examined by Dr Priestley, in an early partof
that illustrious career in which he added so much to our
knowledge of gaseous bodies.

1. Muriatic acid gas is an invisible elastic fluid, re-
sembling common air in its mechanical properties. Its
specific gravity, according to the expériments of Mr
Kirwan, is 1°929, that of air being 1-000, at the tempe-
rature of 60°, barometer 30 inches; 100 cubic inches
of it weigh 59'8 grains. Its smell is pungent and pe-
culiar ; and whenever it comes in contact with common
air, it forms with it a visible white smoke. . If a little
of it be drawn into the mouth, it is found to taste'ex-
cessively acid ; much more so than vinegar.

2. Animals are incapable of breathing it ; and when
plunged into jars filled with it, they die instantaneous-
ly in convulsions. Neither will any combustible burn
in it. It is remarkable, however, that it has a consi-
derable effect upon the flame of combustible bodies;
for if a -burning taper be plunged into it, the flame, just
before it goes out, may be observed to assume a green
colour, and the same tinge appears the next time the
taper is lighted *.

3. If a little of the blue coloured liquid, which is ob-
tained by boiling red cabbage leaves and water in a tin
vessel, be let up into a jar filled with muriatic acid

* Priestley, i. 293.

119

Chap. HL
N

Propertics.

Docs not
support
combustion
nor ¢.

Tinges vee
getable
blues red.



120

Book 1.
“Division I,
[y

Absorbed
by water.

SIMPLE INCOMBUSTIBLES,

gas, it assumes.a finered colour. ' This change is con.
sidered by chemists as a characteristic ‘property of
acids. xS | i 2ad zed 34

4, If a little water be let up into a jar filled with this
gas, the whole gas disappearsin an insiant, the mercury
ascends, fills the jar, and' pushes the water to the
very top. The reason of this is, that there existsa
strong affinity between muriatic acid gas and water ;
and whenever they come in contact, they combine and
form aliquid; or, which is the same thing, the water
absorbs the gas. Hence the necessity of making expe-
riments with this gas over mercury. In the water cis-
tern not a particle of gas would be procured.. Nay,
the water of the trough would rush into the retort and
fill it completely. It is this affinity between muriatic
acid gas and water which occasions the white smoke
that appears when the gas is mixéd with common air.
1t absorbs the vapour of water which always exists
in common air.  The solution of ‘muriatic ‘acid gas in
water is usually denominated simply muriatic acid by
chemists,

In thi€ state it appears to'have been known to the
alchymists ; but Glauber was the first who extracted it
from common salt by means of sulphuric acid. It was
first called spirit of salt, afterwards marine acid, and
now, pretty generally, ‘muriatic acid®. Tt is i)rcpared
for commercial purposes, ‘by mixing together one part
of common salt and seven or eight parts of clay, and
distilling the mixture; or by distilling the usual pro-
portion of common szlt and sulphuric acid, and re<

* From nuypia.
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ceiving tlie product in areceiver containing water.  For
chetmical purposes it may be procured pure in the fol-
lowing rcanner. 2
A hundred parts of dry common salt are put into a
glass matrass, ‘to which: there is adapted a bent glass
tube that passes into a small Wolf’s bottle. From this
bottle there passes also a glass tube into another larger
bottle, containing 2 quantity of water equal.in weight
to the common salt employed. 'When the apparatus is
properly secured by luting, 75 parts of sulphuric acid
are poured : into the: common salt through a mouth of
the matrass, furnished with a proper stopper. Heat is
then applied. The sulphuric acid displaces the muri-
atic acid, which passes over and is condensed in the wa-
ter of the large bottle, while any sulphuric acid that
may be driven over by the heat is condensed in the
smaller bottle, and thus does not injure the purity of the
muriatic acid. i
A cubic inch of water at the temperature of 60°, ba-
rometer 29°4°, absorbs 515 inches of muriatic acid gas,
which is equivalent to 308 grains nearly. ' Hence wa-
ter thus impregnated contains 0°548, or more than half
its weight of muriatic acid, in the same state of purity
as when gaseous. I caused a current of gas to pass
through water till it refused to absorb any more. The
specific gravity of the acid ‘thus obtained was 1°203.
If we suppose that the water in this experiment absorb-
€d as much gas as"in the last, it will follow from it,
that six parts of water, by being saturated with this
gas, expanded so as to occupy very nearly the bulk of 11
parts ; but in all my trials the expansion was only to
nine parts. This would indicate a specific _gravity of
1°477; yet upon actually trying water thus satura-

Proportion,
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ted, its specific gravity was only 1°203. Is this dif-
ference owing to the gas that escapes during the taking
of the specific gravity ?

During the absorption of the gas, the water becomes
hot. Ice also absorbs this gas, and is at the same time
liquefied. The quantity of this gas absorbed by water
diminishes as the heat of the water increases, and at a
boiling heat water will not absorb any of it. When
water ‘impregnated with. it is heated, the gas is again
expelled unaltered. Hence muriatic acid gas may be
procured by heating the common muriatic acid of com-
-merce. It was by this process that Dr Priestley first
obtained it. '

The acid thus obtained is colourless: it has a strong
pungent smell similar to the gas, and when exposed to
the air is constantly emitting visible white fumes. The
muriatic acid of commerce is always of a pale yellow
colour, owing to a small quantity of iron which it holds
in solution.

As muriatic acid can only be used conveniently when
dissolved in water, it is of much consequence to know
how much pure acid is contained in a given quantity of
liquid muriatie acid of any particular density. Now
the specific gravity of the strongest muriatic acid that
can easily be procured and preserved is 1:196: it would
be needless, therefore, to examine the purity of any
muridtic acid of superior density. = Mr Kirwan calcu-
Jated that muriatic acid, of the density of 1:196, con~
tains 0°2528 of pure acid : then, by means of experi-
ments, he formed the following TABLE* :

* Nicholson’s quarto Four.iii. 213. My experiments, as the reader
will ebserve, are not reconciléable with this table. -



B

- MURIATIC ACID.

“100 Parts ¢ Reai ’ |f 100 Parts Real

| Sp. Gravity. Acid. Sp. Gravity. Acid.
1196 2528 1-1282 16°51
1:191 24476 11244 1599
1°187 24:25 1:1206 | 1548
1°183 2313 1'11168 1496
"1°179 2322 1°1120 14-44
1°175 2270 1°1078 13°93
1°171 22°18 1°1036 1341
1°167 21°67 1°0984 12°90
1°163 21-15 1°0942 12°38
1°159 20°64 1°0910 11'86
1155 20°12 10868 11°35
1°151 19°60 1°0826 10°83
1147 19°09 10784 1032
1-1414 | 18°57 1-0742 9°80
1°1306 | 18°06 1°0630 825
11358 1754 1°0345 5°16
11820 | 1702 1°0169 2°58

II. Muriatic acid is capable of combining with oxy-
gen, and forms with it compounds which have a con-
siderable analocry to the compounds of azote with the
same principle.

1. When muriatic acid is poured upon black oxide
of manganese, an effervescence takes place; and by the
assistance of heat a gas comes over, which may be re-
ceived over water. = Scheele, the discoverer of this gas,
called it dephlogisticated muriatic acid ; but it is now

known by thename of oxy-muriaticacid. It hasa green’

colour, a most detestable odour, and is very readily
absorbed by water, to which it communicates its colour
and propemes. Berthollet filled a bottle with this im-
precrnated water, fitted 2 bent tube to_its mouth, con-
nected it with a water trough, and exposed it to sun-
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shine ; the liquid gradnally lost its colour, bubbles of
gas separated, and were collected in a jar. The gason
examination was found to be oxygen, and the water
was impregnated with common muriatic acid.  This
experiment demonstrates, that the constituents of oxy-
muriatic acid are oxygen and muriatic acid. By esti-
mating the bulk of the oxygen that escaped, and the
weight of the acid that remained, Berthollet concluded
that oxymuriatic acid is composed of about

89 muriatic acid
11 oxygen

100

But Mr Chenevix has more lately, from an experiment
to be described hereafter, made the proportion of oxygen
much higher. According to him the gas is composed
of about

77'5 muriatic acid
22°5 oxygen

1000

2. When a current of oxymuriatic acid is passed
through water holding potash in solution, a number of
flat shining crystals are at last deposited. They were
first obtained by Dr Higgins, but first examined and
analysed by Berthollet. These crystals are called Ayper-
oxymuriate of potash. When this salt is exposed to a suf-
ficiently strong heat, it gives more than }d its weight of
oxygen gas: the residue is a compound of muriatic
acid and potash. The acid in this salt, of course, con-
tains much more oxygen than oxymuriatic acid, Ac-
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cording to Chenevix; who has lately examined it, the
constituents are

'v'-

34 muriatic acid
G6 oxygen

100

_ III. The action of muriatic acid on the simple
combustibles has not been examined with much at-
tention. :

1. Hydrogen, as far as we know at present does not
umte with muriatic aci\d

2. . Carbon is not sy pposed to combine with it.  Char-
coal has the property of absorblng it very rapidly ; but
the change produced by the absorption has. not been
ascertained.
. 3. Phosphorus, according to Dr Priestley’s experi-
ments, absorbs very little mariatic acid *.
e Splphur, accordiog ta Dr Prxestlcy, imbibes. it
slowly f. When a2 _curreat of oxymuriatic acid gas  is
passed over flowers of sulphur in a glass vessel, the
sulphur is gradually converted into a fine red liquid,
which I consider as a compound of muriatic acid and
oxide of sulphur ;-and which, therefore, may be termed

t
[

% Driestley on Airy i, 283.  He affirms;that. the phosphonxs smokcs
aml _gives light in muriatic acid gas_as in common air; but on repeata
mq thc expenmem[ percewcd no sucheffects.  Priestley’s gas, of course,
cqnu.med air.

{lhld. He says sulphur imbibed l-jt.h and left aresnduc of 4-5ths

mﬂammablc air, buzning with a blue flame,  ‘This experiment :eqx,ures-
re,;;ct tion.
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sulpbureted muriatic acid *.. It weighs more thaa ttiple
the sulphur employed. \

It is perfectly liquid; its colour is a finered, interme-
diate between scarlet and crimson. When streaks
of it run down the inside of the phial, they appear
green by transmitted light. Its specific gravity is
1°623. ,

When exposed to air it smokes very much. It is
very volatile, disappearing very rapidly when exposed
to a moderate heat.

Its smell has a strong resemblance to that of sea-
plants, but is much stronger. "The eyes, when exposed
to'its’ fumes, are soot filled with tears, and acquire the
same painful feeling as' when exposed to the smoke of
wood or peat.

Its taste is strongly acid, hot, and bitter, affecting the
throat with a painful tickling. '

It converts vegetable blue papers to red; but the.
change takes place slowly, unless the paper be dipt
into’ water ; the paper is not corroded unless heat be
applied. 4 i
2 drop 'of it be Tet fall into a glass of water, tlie

* Berthollet Junior has lately repeated my experiments on this curious
compound ( Mezn. D’ Areueil, i. 161.) He endcavours to prove that the
sulphur is not in the state of 2n oxide, but that the liquor is a triple com-
pound of oxygen, sulphur, and muriatic acid, and thinks that his cxperis
ments are inconsistent with mine, because he extracted the sulphur pure,
and not in the state of an ozide. It is plain from this that he has never
consulted my paper published in Nicholson’s Jour. vi. 104. He would
have seen that I always obtained the sulphur in the same state, and inferred
the presence of oxygen from the formation of sulphuric acid when-
ever thelliquid is decemposed. A fact confirmed by his own ex-
periments.
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surface of the water becomes immediately covered with Chap. 1.
e

a film of sulphur; a greenish: red globule falls to the
bottom, which rtemains for some time like a drop
of oil, but atlast is convertedinto yellow flakes. These
flakes have an acid taste, which they donotlose, though
allowed to remain in water for several days; they
are very ductile, ‘and continue so, though left exposed
to the air. '

- ‘When thrown into warm nitric acid, a very violent
effervescence ‘takes place; and the whole mixture is
thrown, with a kind of explosion, out of the vessel. 1f
the acid be cold, the effervescence is at first slow, but
heat is very soon evolved, and the same effects produ-
ced.  When the proportion of nitric acid 1s: great, and

the sulphuret dropt in very slowly, the effervescence

continues moderate ;. nitrous gas-and oxymuriatic gas
being evolved. : 1
It dissolves phosphorus cold with great facxhty No

effervescence takes place ; the solution has a fine am-:

ber colour, ‘and is permanent. 'When evaporated, the
phosphorus remains behind with a little sulphur, and at

last takes fire. When the solution 1s mixed with liquid:

potash, the whole becomes beautifully luminous, and
phosphuret of sulphur is precipitated.
According to my analysis, it is composed of
44700 oxide of sulpbur:
3575 muriatic acid
20°25 loss

100-00 *

¥ See Nicholson’s Four. vi. 104
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D?:gﬁ:‘ 1V. We are not acquainted with any combfnation. of.
‘- muriatic acid and azote ; but when mixed with nitric
acid it forms a compound possessed of very remarkable
properties: it was. formerly called agua regia, but is
now better known by the name. of zitro-muriatic acid.
Action of V.. When electricexplosions are made to pass through.
cleericity.  rhuriatic acid gas, its bulk is diminished, and hydrogen
gas is evolved. At the same time, if the experiment
be made-over mercury, a quantity of muriate of mercu~
ry is formed. ' These changes continue ito ‘take place
for a limited time only ; after which electricity ceases to
produce any farther change. They are always propor-
tionalto the moisture of the gas, and have been shown
hy Dr Henry to be owing to the decomposition of the
water held in solution by the gas. The oxygen of ‘the
water combines: with part of the ‘acid, andforms oxy-
muriatic acid, while its hydrogen is set at liberty. Dr
Heary has shown that 100 cubic' inches of muriatic
acid gas, after being made as dry as possible, by stand-
ing over:quicklime or- other bodies which absorb mois-
ture, still contain 1-4 grains of water in solution : but
this water may be completely decomposed and removed
by means of electricity. Here then is 2 method of de=
priving this gas altogether of water ¥.  When muriatic
acid gas and carbureted hydrogen gas are mixed, elec~
tricity decomposes the water, and carbonic acid and- hy-
drogen gas are evolved. After the water is completely
decomposed, electricity produces no farther effect 1.
g::fgys V1. Morveau first showed that muriatic acid, in the
miasmata.  gtate. of gas, neutralizes putrid miasmata, and by that

"]

* Nicholson's Journal, iv. 209. t Henry. Ibid.
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means destroys their bad effects. 'In 1773, the cathes
dral of Dijon was so infected by putrid exhalations, that
it was deserted altogether after several unsuccessful at-
tempts to purify it. Application was made to Mr
Morveau, at that time professor of chemistry at Dijon,
to see whether he knew any method of destroying these
exhalations. Having poured two pounds of sulphuric
acid on six pounds of common salt, contained in a glass

- capsule, which had been placed on a few live coals in

the middle of the chuarch, he withdrew precipitately, and
shut all the doors. The muriatic acid gas soon filled
the whole cathedral, and could even be perceived at the
door. After twelve hours, the doors were thrown open,
and a current of air made to pass through to remove
the gas. This destroyed completely every putrid o-

’

dour *.

Such are the properties of the simple incombustible
bodies. Like the combustibles; their predominant chas
racter is their affinity for oxygen. But they unite with-
out the phenomena of combustion ; hence the com-
pounds which they form with oxygen are supporters
of combustion. The quantity of oxygen which each is
capable of condensing does not differ nearly so much as
we observe in the case of the combustibles.

100 muriatic acid condenses 194 oXygen

100 2ZOte u..seevassesss 236 OXygen
If we judge of the affinity by the power of condensa-
tion, it will follow, that azote has a stronger affinity for

* Tour.de Phys. i. 436
Vol. 1.
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oxygen than muriatic acid. = If the properties of the
oxygen predominates most in those compounds in which
the base has the least affinity for it, then, in that case,
hyperoxymuriatic acid ought to be a better supporter of
combustion, and to act with more energy, than nitric
acid ; which is the case.

Azote unites with three doses of oxygen at least, and
forms,

1. Nitrous oxide

2. Nitric oxide

3. Nitric acid. ;
Muriatic acid unites with two, and forms,

1. Oxymuriatic acid

2. Hyperoxymuriatic acid.

The combinations of the simple incombustibles with
the combustibles have not hitherto excited much of the
attention of chemists.

Analogies, to be pointed out hereafter, lead us to sup-
pose both azote and muriatic acid to be compounds ;
but till some fortunate experiment ascertain their com-
ponent parts, we are under the necessity of considering
them as simple.
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CHAP. IV.

OF METALS.

Y ; .
L Meracs may be considered as the great instru-
ments of all our improvements: Without them, many

of the arts and sciences could hardly have existed. So

sensible were the ancients of their great importance,
that they raised those persons who first discovered the
art of working them to the rank of deities. In che-
mistry, they have always filled a conspicuous station :
at_one period the whole science was confined to them %
and it may be said to have owed its very existence to a
rage for making and transmuting metals.

1. One of the most conspicuous properties of -the

_ metals is a particular brilliancy which they possess,

and which has been called the metallic lustre. There are
other bodies indeed (mica for instance) which appa-
rently possess this peculiar lustre; but in them it is con-
fined to the surface, and accordingly disappears when
they are scratched ; whereas it pervades every part of
the metals. This lustre is occasioned by their reflect-
ing much more light than any other bodies ; a property

which seems to depend partly on the closeness of their-

texture. This renders them peculiarly proper for mir-
rors, of which they always form the basis.
I2
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2. They are perfectly obaque, or impervious tolight,
even after they have been reduced to very thin plates.
Silver leaf, for instance, ys4%vs of an inch thick, does
not permit the smallest ray of light to pass through it.
Gold, however, when very thin, is not absolutely o-
paque : for gold leaf ;i %+ of an inch thick, when
held between the eye and the light, appears of a lively
green ; and must therefore, as Newton first remarked,
transmit the green coloured rays. Itis not improbable
that all other metals, as the same philosopher supposed,
would also transmit light if they could be reduced to a
sufficient degree of thinness. It is to this opacity that
a part of the excellence of the metals, as mirrors, is
owin'g ; their brilliancy alone would not qualify them
for that purpose.

3. They may be melted by the application of heat,
and even then still retain their opacity. This property
enables us to cast them in moulds, and then to give
them any shape we please. In this manner many ele-
gant iron utensils are formed. Different metals differ
exceedingly from each other in their fusibility. Mer-
cury is so very fusible, that it is always fluid at the or-
dinary temperature of the atmosphere; while other
metals, as platinum, cannot be melted except by the
most violent heat which it is possible to produce.

4. Their specific gravity is exceedingly various,
more so indeed than that of any other class of bodies
at present known. The greater fumber of them are
heayier than any other known substances. This in-
deed, till very lately, was considered asa character be-

¥ Davy on the Decomposition of the Fixed Alkalies.  Plil. Trans. 1808.
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longing to them all. But several very singular me-
tals, discovered by Mr Davy, are not so heavy as
water, and of course much lighter than most stony
bodies. Platinum, the heaviest of the metals, is 23
times heavier than water ; while the specific gravity of
potasium is only 06, that of water being 1.

5. They are the best conductors of electricity of all
the bodies hitherto tried.

6. None of the metals is very hard ; but some of
them may be hardened by art to such a degree as to
exceed the hardness of almost all other bodies. Hence
the numerous cutting instruments which the moderns
make of steel, and which the ancients made of a combi-
nation of copper and tin.

7. The elasticity of the metals depends upon their
hardness ; and it may be increased by the same process
by which their hardness is increased. Thus the steel
of which the balance-springs of watches is made is al-
most perfectly elastic, though iron in its natural state
possesses but little elasticity. .

8. But one of their most important properties is mal-
Zleability, by which is meant the capacity of being ex-

. tended and flattened when struck with a hammer. This
property, which is peculiar to metals, enables us to give
the metallic body any form we think proper, and thus
renders it easy for us to convert them into the va-
rious instruments for which we have occasion. All
metals do not possess this property ; but it is remark-
able that almost all those which were known to the an-
cients have it. Heat increases this property consider-
ably. Metals become harder and denser by being ham-
mered.

9. Another property, which is also wanting in many
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:
of the metals, is ductility ; by which we mean the ca«
pacity of being drawn out into wire by being forced
through holes of varions diameters.

10. Ducitility depends, in some measure, on another
property which metals possess, namely fenacity ; by
which is meant the power which a metallic wire of a
given diameter has of resisting, without breaking, the
action of a weight suspended from its extremity. Me-
tals differ exceedingly from each other in their tenaci-
ty. An iron wire, for instance, +th of an inch in di-
ameter, will support, without breaking, abeut 500lb.
weight ; whereas a lead wire, of the same diameter, will
not support above 291b.

IT. When metals are exposed to the action of heat
and air, most of them lose their lustre, and are gradu-
ally converted into earthy-like powders of different co-
lours and properties, according to the metal and the de-
gree of heat employed. Several of them even take
fire when exposed to a strong heat ; and after combus-
tion the residuum is found to be the very same earthy-
like substance.

1. All metals, even the few that resist the action of
heat and air, undergo a similar change when exposed
to acids, especially the sulphuric, the nitric, and the mu-
riatic, or a mixture of the two last. All metals, by
these means, may be converted into powders, which
have no resemblance to the metals from which they
were obtained. These powders were formerly called
calces ; but at present they are better known by the
name of oxides. They are of various colours according
to the metal and the treatment, and are frequently ma-
nufactured in large quantities to serve as paints.

2. When these oxides are mixed with charcoal pow-

ST ———
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der, and heated in a crucible, they lose their earthy ap-
pearance, and are changed again into the metals from
which they were produced. Oil, tallow, hydrogen gas,
and other combustible bodies, may be often substituted
for charcoal. By this operation, which is called the
reduction of the oxides, the combustible is diminished,
and indeed undergoes the very same change as when it
is burnt. In the language of Stahl, it loses its phlogis-
ton ; and this induced him to conclude that metals are
composed of earth and phlogiston. He was of opinion,
that there is only one primitive earth, which not only
forms the basis of all those substances known by the
name of earths, but the basis also of all the metals. He
found, however, that it was impossible to combine any
mere earth with phlogiston ; and concluded, therefore,
with Beccher, that there is another principle besides
earth and phlogiston which enters into the composition
of the metals. To this principle Beccher gave the name
of mercurial earth, because, according to him, it exists
most abundantly in mercury. This principle was sup-
posed to be very volatile, and therefore to fly off during
calcination ; and some chemists even affirmed that it
. might be obtained in the  soot of those chimneys under
which metals have been calcined.

A striking defect was soon perceived in this theory.
The original metal may be again produced by heating
its oxide along with some other substance which con-
tains phlogiston. Now, if the mercurial earth flies off
during combustion, it cannot be necessary for the for-
mation of complete metals, for they may be produced
without it : if, on the contrary, it adheres always to the
calx; there is no proof of its existence at all. Che-
mists, in consequence of these observations, found them-
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selves obliged to discard the mercurial principle alto-
gether, and to conclude, that metals are composed of
earth ouly united to phlogiston. = But if this be really
the case, how comes it that these two substances can-
not be united ,by art? Henkel was the first who at-
tempted to solve this difficulty. According to him,
earth and phlogiston are substances of so opposite a
nature, that it is exceedingly difficult, or rather it has
been hitherto impossible for us to commence their
upion ; but after it has been once begun by Nature, it
is an easy matter to complete it. No calcination has
hitherto deprived the metals of all their phlogiston ;
some still adheres to the calces. It is this remainder of:
phlogiston which renders it so easy to restore them to
their metallic state. Were the calcination to be con-
tinued long enough to deprive them altogether of phlo-
giston, they would be reduced to. the state of other
earths; and then it would be equally difficult to convert
them into tnetals, or, to use a chemical term, to reduc{
them.  Accordingly we find, that the more completely
a calx has been caIcined, the more difficult is its re
duction. This explanation was favourably received.
But after the characteristic properties of the various
éart_lzs had been ascerteined, and the calces of metals
were accurately examined, it was perceived that the
calces differ in many particulars from all the earths,
and from one anothér. To call them all the same sub-
stance, then, was to go much farther than either expe-
riment or observation would warrant, or rather it was
to declare open war against both experiment and ob-
servation. It was concluded, therefore, that each of
the metals is cbmpds;d of a peculiar earthy substance
combined with phlogiston. For this great improve-
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ment in accuracy, chemistry is chiefly indebted to Chap.1V.
R, e —
- But there were several phenomena of calcination
which had all this time been unaccountably overlook-
ed. The oxides are all considerably heavier than the
metals from which they are obtained. Boyle had ob-
served this circumstance, and had ascribed it to a quan-
tity of fire, which according to him became fixed in the
metal during the process *. But succeeding chemists
paid little attention to’it, or to the action of air, till Mr ﬁf";‘;irbr
Lavoisier published his celebrated experiments on cal-
cination, in the memoirs of the Paris Academy for
1774. He put eight ourices of #z into a large glass
retort, the point of which was drawn out into a very
slender tube to admit of easy fusion. The retort was
heated slowly till the tin began to melt, and then seal-
ed hermetically. This heat was applied to expel some
of the air from the retort; without which precaution
it would have expanded and burst the vessel. The
retort, which was capable of containing? 250 cubic in-
ches, was then weighed accurately, and placed again up-
on the fire. The tin soon melted, and a pellicle formed
on its top, which was gradually converted into a grey
powder, that sunk by a little agitation to the bottom of
the liquid metal: in short, the tin was partly converted
into a calx. This process went on for three hours;
after yt;hich the calcination stopped, and no further
change could be produced on the metal. The retort
was then taken from the fire, and found to be precisely
of the same weight as before the operation. It is evia

# Fire and flame weighed, Shaw’s Boyle, ii. 328.
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dent then that no new substance had been introduced ;
and that therefore the increased weight of the calces can-
not, as Boyle supposed, be owing to the fixation of fire¥.

When the point of the retort was broken, the air
rushed in with a hissing noise, and the weight of the
retort was increased by ten grains. Ten grains of air,
therefore, must have entered, and, consequently, pre-
cisely that quantity must have disappeared during the
calcination, The metal and its calx being weighed,
were fqund just ten grains heavier than before : there-
fore the air which disappeared was absorbed by the
metal : and as that pat:t of the tin which remained in a

metallic state was unchanged, it was evident tha -this-

air must have united with the calx. The increase of
weight, then, which metals experience during calcina-
tion, is owing to their uniting with airt.- But all the
air in the vessel was not absorbed, and yet the calcina-
tion would not go on. It is not the whole, then, but
some particular part of the air which unites with the
calces of metals. By the subsequent discoveries of
Priestley, Scheele, and Lavoisier bimself, it has been

# This cxperiment had been performed by Boyle with the same suc-
cess. He had drawn a wrong conclusion from not attending to the state
of the air of the vessel.  Shaw’s Boyle, ii. 394.

+ It is remarkable that John Rey, a physician of Perigord, had aseri-
bed it to this very cause as far back as the year 1630: but his writings
had excited little attention, and had sunk into oblivion, till his opinion
had heen incentestibly proved by Lavoisier. Mayow also, in the year
1694, ascribed the increase of weight tothe combination of the metals with
exygen.  Quippe vix concipi potest (says he), vride augmentum illud
antimonii (calcinati) nisi a particulis nitro-aereis igneisque inter calcinan~
dum r1x1s procedat.” Tract. p. 28— « Plane ut antimonii fixatio non
tam a sulphuris ejus externi assumptione, quam particulis nitro-aereis,
quibus flamma nitri abundat, £ INFIX1s provenire videatur.” Zbid. p. 29.
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ascertained, that the residuum of the air, after calcina-
tion has been performed in it, is always pure azotic gas :
It follows, therefore, that it is only the oxpgen which
combines with calces; and that a metallic calx is not
a simple substance, but a compound,

‘Mr Lavoisier observed, that the weight of the oxide
was always equal to that of the metal employed, together
with that of the oxygen absorbed. Hence he com-
cluded, that the oxide is nothing else than a combina-
tion of the metal with oxygen : that the metals, as far
as we know, are simple substances ; that what Stahl
considered as the escape of phlogiston from metals was,
in reality, their combination with oxygen; and thatthe
reduction of metals, instead of restoring the lost phlo-
giston, consisted, in fact, in the separation of oxygen by
means of some combustible which has 2 strong affinity
for it. These conclusions were supported in the most
ingenious and satisfactory manner,

3.. No metal can be converted into an oxide except
some substance be present which contains oxygen ; and
during the oxydizement a portion of that oxygen dis-
appears.

4. There are some metallic oxides which can be re-
duced by the application of heat in close vessels. Now
whenever thej are reduced in that manner they yield
oxygen gas; and the weight of the oxygen, together
with that of the metal obtained, is equal 1o the weight of
the original oxide. Thus when the oxide of mercury
is heated in a retort, to which a pneumatic apparatu§
is attached, to the temperature of 10009, it is converted
into pure mercury ; and, at the same time, a quantity
of oxygen separates from itin a gasecous form. As
this ’procesg is performed in a close vessel, no new sub-
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stance can enter: The oxide of mercury, theu, is re-
duced to the metallic state without phlogiston. The
weights of the metal and the oxygen gas are together
equal to that of the oxide ; the calx of mercury, there-
fore, must be composed of mercury and oxygen; con-
sequently, there is no reason whatever to suppose that
mercury contains phlogiston. Its calcination is merely
the act of its uniting with oygen*. Gold, platinum,
silver, nickel, and even lead, may be reduced in the
same way, and with the same evolution of oxygen gas.
To them therefore the same reasoning applies. Se-
veral other oxides may be brought nearer the metal~
lic state, though they cannot be completely reduced by
heat’; and this approach is accompanied by the escape
ofoxygen gas. Manganese, zinc, and probably also iron,
are in this predicament. ¢

5. All the oxides are reduced by means of combus-
tible bodies ; and during the combustion the combustible
unites to oxygen. Thisis the reason that charcoal-
powder is so eficacious in reducing them: and if they

* This experiment was performed by Mr Bayen in 1774. This phile-
sopher perceived, earlier than Lovoisier, that all metals did not contain
phlogiston, “ Ces experiences (says he) vont nous detromper. Je ne
tiendrai plus le langage des disciplesde Stahl, qui seront forcés de restrein-
dre la doctrine sur le phlogistique, ou d’avouer que les precipités mercu-
rials, dont je parle, ne sont pas des chaux metalliques, ou enfin qu’il y a
des chaux qui peuvent sc reduire sans le concours du phlogistique. Les
caperiences que j'ai faites me force de conclurer, que dans la chaux mercu-
riale dont je parle, le mercure doit son ctat calcaire, non d la perte du pbli-
gistigue quil n’a pas essuyé, wmais @ sa [combingison intime avec le fluide elas-
tigue, dont le poids ajouté a cclui du mercure est la seconde cause de
Paugmentation de pesanteur qu'on observe dans les precipités que jai
soumis 4 Pexamen,” ' Jour. de Phys. 1774, pages 288, 295.
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- are mixed with it, and heated in a proper vessel fur-

nished with a pneumatic apparatus, it will be easy to
discover what passes. - During the reduction, a great
deal of carbonic acid and carbonic oxide comes over.
These, together with the metal, are equal to the weight
of the oxide and the charcoal : they must therefore con-
tain all the ingredients; and we know that they are
composed of carbon and oxygen. During the process,
then, the oxygen of the oxide combines with the char-
coal, and the metal remains behind. ~ In the same man-
ner, when oxide of iron is heated sufficiently, in ¢on-
tact with hydrogen, the iron is reduced, and water
formed, as was ascertained by the experiments of Dr
Priestley. =

6. It cannot be doubted, therefore, that all the me
tallic calces are composed of the entire metals combi-
ned with oxygen; and that calcination, like combus.
tion, is merely the act of this combination. Metals,

_ then, in the present state of chemistry, must be consider-

ed as simple substances ; for they have never yet been
decompounded.

The words calx and calecination being evidently im-
proper, because they convey false ideas, the words oxide
and owidizement *, which were invented by the French
chemists, are substituted for them. A metallic oxide
signifies 2 metal united with oxygen ; and oxidizement
implies the act of that union.

* Oxidation was the word formerly used by British chemists. Bat
the reasons assigned by Mr Chenevix in his Remarks on the Chemical No-
menclature, page 163. have induced me to prefer the terms which he has
there substituted for it,

141

Chap. IV.
bvﬁ)

Oxide and
oxidizement
explained.



142

Book L.
Division k.
A et
Metals
combine
with oxy-
gen.

Nomencla-
ture of ox=
ides.

CONFINABLE BODIES.

7. Metals, then, are all capable of combining with
oxygen ; and this combination is sometimes accompa-
nied by combustion and sometimes not. - The new
compounds formed are called mezallic oxides, and in some
cases metallic acids.  Like the two last classes of bo-
dies, they are capable of combining with different doses
of oxygen, and of forming different species of oxides or
acids.  These were formerly distinguished from each
other by their colour. One of the oxides of iron, for
instance, was called dluck oxide, anether was termed
red oxide ; but it is now known that the same ozide is
capable of assuming different colours according to cir-
cumstances. The mode of naming them from their
colour, therefore, wants precision, and is apt to mis-
lead ; especially as there occur different examples of
‘two distinct oxides of the same metal having the same
colour.

As it is absolutely necessary to be able to distinguish
the different oxides of the same metal from each other
with perfect precision, and as the present chemical no-
menclature is defective in this respect, I shall, till some
better method be proposed, distinguish them from each
other, by prefixing to the word oxide the first syllable
of the Greek ordinal numerals. = Thus the protoxide of
a metal will denote the metal combined with a mini-
mum of oxygen, or the first oxide which the metal is
capable of forming ; dewtoxide will denote the second
oxide of a metal, or the metal combined with two doses
of oxygen.* When a metal has combined with as

* The same explanation will 2pply to trifoxide (third ozide), tefoxide
(fourth oxide), pentoxide (fifch oxide), bectoxid: (sixth oxide), whenever
they become necessary.
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much oxygen as possible, I shall denote the compound
formed by the term peroxide ; indicating by it, that the
metal is thoroughly oxidized t.

Thus we have the term oxide to denote the combina-
tion of metals with axygen in general ; the terms pro-
toxide and pe;oxide to denote the minimum and maxi-
mum of oxidizement; and the terms deutoxide, tritoxide,
&c. to denote all the intermediate states which are ca-
pable of being formed. :

III. Metals are capable of combining with the simple
combustibles. The compounds thus formed are deno-
ted by the simple combustible which enters into the
combination, with the termination zret added to it.
Thus the combination of a metal with sulphur, phos-
phorus, or carbon, is called the sulpburet, phospburet, or
carburet of the metal. The compounds formed by the
metals with the three combustibles just mentioned are
usnally solid ; bat when hydrogen unites with them, it
still retains its elastic state.  These solutions of me-
tals in hydrogen have been but slightly examined.
They are usually distinguished by an epithet, indica-
ting the metal, prefixed ‘to the word hydrogen. Thus
arsenical bydrogen gas means hydrogen holding arsenic
in solution.

% Etymologists will doubtless object to this term, that it is a hetero-
geneous compound of a Greek and Latin word ; but this fault, if it be
one, has been already committed very frequently in the formation of
chemical terms. My object was, not to prevent the objections of etymo-
Jogists, hut to employ a word perfectly precise, which could not mislead
and which was not unwicldy nor unsuitable to the genius of the Erglish

language.
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IV. The simple incombustibles, as far as is known
at present, do not combine ‘with the metals.

V. The metals, in general, unite very readily to one
another, and form compounds, some of which are ex-
tremely useful in the manufacture of instruments and
utensils. Thus pewter is a compound of lead and tin ;
&rass, a compound of copper and zinc ; dell-metal, a
compound of copper and tin. These metallic com-
pounds are ‘called by chemists alloys, except when one
of the combining metals is mercury. ~ In that case the
compound is called an amalgam. Thus the compound
of mercury and gold is called the amalgam of gold.

VI. The metals at present known, or concluded from
analogy to exist, amount to about 40. But 12 of these,
newly discovered by Mr Davy, and constituting the
bases of the alkalies and earths, are still so imperfectly
known, or possess such peculiar properties, that I shall
defer giving an account of them till I come to treat of
those bodies hitherto known by the names of alfalies
and earths. In this chapter, then, we have to censider
the properties of 28 metals. Of these only 7 were
known to the ancients as metals, and no fewer than 17
have been discovered since the year 1730. Their num-
ber has multiplied exceedingly within these few years :
but the more recently discovered metals, with a small
number of exceptions, are so scarce as to be of com-
paratively small importance. - Metals may be conve-
niently arranged under four classes : namely, 1. Malle-
able metals ; 2. Brittle and easily fusible metals; 3.
Brittle and difficultly fusible metals; 4. Refractory
metals.. Under which last name I comprehend all
those metallic bodies which are only known at present
in the state of combination ; chemists not having suc-
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ceeded hitherto in reducing them to thé metallic state; Chap.IV..
The metals which belong to each of these heads will be
seen from the followmg Tablc

SGR

e # MALLF.ABLE. 2 shoil 7 Classificad
g tion.
1::Gold, 11 9. Copper. ‘
2. Platinum. "0, Tron. 3
3. Silver. oy w316 Niekelo s ¢
4% Mercury. dt 0 g2, Nicolanum: >
'5. Palladium. - 7o 13, Tin.
6. Rhodium. 14. Lead.
7. Iridium. 15. Zinc.

8. Osmium.

II. BRITTLE AND EASILY FUSED.

1. Bismuth. 3. Tellurium.
2. Antimony. 4. Arsenic.

III. BRITTLE AND DIFFICULTLY FUSED:

1. Cobalt. 4. Molybdenum.
2. Manganese. 5. Uranium.
3. Chromium. 6. Tungsten.

IV. REFRACTORY.

1. Titanium. 3. Cerium,
2. Columbium.

The metals of the first class were formerly called
metels by way of eminence, because they are possessed
either of malleability or ductility, or of both properties
together : the rest were called semimetals, because they
are brittle. But this distinction is now pretty general- ~

ly laid aside ; and, as Bergman observes, it ought to be
. 1, K
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By % altogether, as it is founded on a false hypothesis, and

“——~— conveys very erroncous ideas to the mind. The first
four metals were formerly called noble or perfect metals,
because their oxides are reducible by the mere applica-
tion of heat ; the rest were imperfect metals, because
their oxides were thought not reducible without the ad-
dition of some combustible substance® ; but this dis-
tinction also is now very properly exploded.

The different metals, in the order in which they have
been enumerated, will occupy our attention in the fol-
lowing Sections.

* Nickel and lead are reducible by mere heat, and of course entitled
%0 the name of moble metals also,
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CLASS 1.
SMALLEABLE METALS.
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i metals belonging to this €lass, from their mal-
leabxhty, are of much more importance than the rest 3
all those known to the ancients belong to it, and five
more which have been discovered by the moderns.
Besides these five, I have included in this class three
other recently discovered metals ; theé malleability of
which has not been ascertained, but which may be in-
ferred, perhaps, from the great analogy which they bear
to the most perfect of the malleable metals.

-
=3
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SECT. I.

OF G OLD.

1. (FoLp seeriis to have been known from the very
beginning of the world. Its properties and its scar-
city have rendered it more valuable than any other
metal ®.

1 Itis of an orange red, or reddish yellow colour,
and has no perceptible taste or smell Its lustre is con-
siderable, yielding only to that of platmum, steel, sil-
yer, and mercury. X

o

2. Its hardness 18 6*{

- ., 3 3 3 r 3
{ : H »

# The fullest treatisc on gold hitherto published is that by Dr Lewis
in his Pbilosphical Commerce of the Arts. The account of gold in Was-
serberg’s Tustitutiones Chemie, vol. i, is, a great part of it at least, nearly
a translation of Dr Lewis; but it ¢ontains likewise several discoveries
of posterior date, chiefly made by Bergman. Mr Hatchett’s Experi-
ments and Observations on the Alloys, Specific Gravity, and comparative wear
of Gold, published in the Pkil. Trans. for 1803, are of the utmost impor-
tance, on account of the care with which they were made, and the many
mistaken notions which they have embled ns to rectify.

+ Mr Kirwan’s method of denoting the different degrees of hardness
by figures has been adopted in consequence of its brevity. Mr Kirwan’s
plan will bo understood from his own explanation, which is here sub«
joined. h

3, Denotes the hardness of chalk.

4, A superior hardness, but yet what yields to the n:uI

5> What will not yield to the nail, but easily, and without grittinessy
to the knife.

6, That which yields more difficultly to the knife,

7, That which scarcely yields to the knife,

T T W Py
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Tts specific gravity is 19-3 *,

malleability. Tt may be beaten out into leaves so thin,
that one grain of gold will cover 56} square inches.
These leaves are only ;%5 of aninch thick. But

the gold leaf with which silver wire is covered has on-’

Iy +% of that thickness. An ounce of gold upon silver
wire 1s capable of being extended more than 1300 miles
m fength 1.
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3. No other substance is equal to it in ductility and Malleabi-

lity.

4. TIts tenacity isconsiderable; though in this respect’ Tenacity.

it yields to iron, copper, platinum, and silver. From
the experiments of Sickingen, it appears that a gold

wire 0°078 inch in diameter is capable of supporting a’

weight of 150°071bs. avoirdupois, without breaking f.

8, That which cannot be scraped by a knife, but does not give fire
with steel,

9, That which gives a few feeble sparks with steel.

10, That which gives plentiful lively sparks—Kirwan's Mincralogy,
i. 38.

?I'he same meaning, however, isnot affixed here to the figures; but 3
series of degrees of hardness is conceived, descending from steel to arse-
nic, each of which is denoted by arbitrary figures.

® The specific gravity of gold varies somewhat according to its state,
that being heaviest which has been hammered or rolled. Dr Lewis
informs us that he found, on many different trials, the specific gravity of
pure gold, well hammered, between 19°300 and 19-400. The specific
gravity of one mass which he specifies was 19'376, (Pbilosopbical Com-
merce of the Arts,p. 41). Brisson found the specific gravity of another
specimen of fine gold, hammered, 19-361. Mr Hatohett tried gold of 23
carats 33 grains, (or gold™ containing 1-96 of alloy) ; its cpccxﬁc gra-
gravity was 19°277.

+ See Shaw’s Boyle, i. 404. and Lewis’s Phlm;zb. Commerce af the Arh.
P44

" 4 ?{nn. de Chim, XXV. 9.
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. It melts at 32° of Wedgewood’s pyrometer*.
When melted, it assumes 2 bnght bluish green colour,
It expands in the act of fusion, and consequently con-
tracts while becoming solid more ' than most metals ; 2
circumstance which renders it less proper for casting
into moulds t.

It requires a yery violent heat to volatilize it ; it is
therefore, to use a chemical term, exceedingly fixed,
Gasto Claveus informs us that he put an ounce of pure
gold in an earthen vessel, into that part of a glass-house
furnace where the glass is kept constantly melted, and
kept it in a state of fusion for two months, yet it did
not lose the smallest portion of its weightt, Kunkel
relates a similar experiment attended with the same re-
sult § ; neither did gold lose any perceptible weight,
after being exposed for some hours to the utmost heat
of Mr Parker’s lens ||. Homberg, however, observed,
that when a very small portion of gold is kept ina vio-
lent heat, part of it is volatilized 9. This observation
was confirmed by Macquer, who observed the metal
rising in fumes to the height of five or six inches, and
attaching itself to a plate of silver, which it gilded very
sensxbly ** . and Mr Lavoisier observed the very same
thing when a piece of silver was held over gold melted

* According to the calculation of the Dijon academicians, it melts at
11980 Fahrepheit ; accordmg to. Mortimer, at 1301°

+ Lewis’s Pbtlaxapbrml Commerce, p. 67.

3« Nec minimum, de pondere decidisse conspexi ””  Gastonis Clavei
Apologia Arg:,ra‘bo_:m et Cbrjwfmi' adversus Thomam Erastum, Theatrum
Chemicum, ii. 37. : :

; § Lewis, Pbiosopbical Commerce, p. 70.
§l Kirwan’s Mineralogy, i. 92. ;
9 Mem, Par. 3702, p. 147. *% Dictionaire de Chimiz, ii. 148 .
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by a fire blown by oxygen gas, whxch preduces a'much
greater heat than common air ¥,

~ After fusion, it is capable of assuming a crystanmc
form. - Tillet and Mongez obtained it in short quadran-
gular pyramidal crystals.

6. Gold is not in the least altered by being kept ex-
posed to the air ; it does not even lose its lustre. Nei~
ther has water the smallest action upon it.

II. It is capable, however, of combining with oxy-
gen, and even of undergoing combustion in particular
circumstances. The resulting compound is an oxide of
gold. Gold must be raised to a very high température
before it is capable of abstracting oxygen from common
air. It may be kept red hot almost any length of
time without any such change. Homberg, however,
observed, that when placed in the focus of Tschirnhaus’s
burning-glass, a little of it was converted into a purplec
coloured oxide ; and the truth of his observations were
confirmed by the subsequent experiments of Macquer
with the very same burning-glass+. But the portion
of oxide formed in these trials is too small to admit of
being examined, Electricity furnishes a method of oxi-

" dizing it in greater quantity.

If a narrow slip of gold leaf be put, -with both ends
hanging out a little, between two glass plates tied toge-
ther, and a strong electrical explosion be passed through
it, the gold leaf is missing in several places, and the
glass is tinged of a purple colour by the portion of the
metal which has been oxidized. This curious experi-

* Kirwan's Min. ii. 92. 4 Dict.iio 153-
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ment, was first made by Dr Franklin* ; it was con-
firmed in 1773 bjr Camus. © The reality of the.oxidize~ .
ment of gold by electricity was disputed by some phi-~
losophers, but it has been put beyond the reach of
doubt by the experiments of Vaa Marum. When he.
made electric sparks from the powerful Teylerian ma-
chine pass through a gold wire suspended in the air, it
took fire, burnt with a green coloured flame, and was
completély dissipated in fumes, which when collected
proved to be a purple coloured oxide of gold.  This
combustion, according to Van Marum, succeeded not
only in common air, but also when the wire was sus-
pended in hydrogen gas, and other gases which are not.
capable of supporting combustion. The combustion
of gold is now easily affected by ¢xposing gold-leaf to
the action of the galvanic battery. I have made it
burn with great brilliancy, and a green coloured flame,
by exposing a gold wire to the ‘action of a stream of
oxygen and hydrogen gas mixed together and burning.
Now in all cases of combustion the gold is oxidized.
We are at present acquainted with two oxides of gold :
the protoxide has a purple or violet, the peroxide a yellow
colour.

1. Of these the peroxide is most easily procured; it is
therefore best known, It may be procured in the fol-
lowing manner : One part of nitric and four of muriatic
acid are mixed together +, and poured upon gold: an

* Lewis’s Pbilosoph. Commerce, p. 175. 'This work was published in
1563. . ¢

'} "This mixture, from its property of dissolving gold, was formerly cal+
led agua regi (for gold, among the alchymists, was the king of netals) ; i
it is now called nitro-muriatic acid,
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effervescence takes place, the gold is gradually dissol.
ved, and the liquid assumes a yellow colour.  Itiseasy
to see in what manner this solution is produced. No
metal is soluble in acids till it has been reduced to the
state of an oxide.  There is a strong affinity between
the oxide of gold and muriatic acid. ~The nitric acid
furnishes oxygen to the gold, and the muriatic acid dis-
solves the oxide as it forms. When nitric acid is de-
prived of the greater part of its oxygen, it assumes a
gaseous form, and flies off in the state of nitrous gas,
It is the emission of this gas which causes the-effer-
vescence. The oxide of gold may be precipitated from
the nitro-muriatic acid by pouring in a little potash dis-
solved in water, or even by lime water. It subsides
slowly, and has a yellowish brown colour, and some-
times, indeed, approaches to black. When carefully
washed and dried, it is insoluble in water and tasteless,
Bergman found that 100 parts of gold, when treated in
this manner, weigh 110, Were we to suppose this
estimate correct, but Bergman himself expresses his
doubts ofits accuracy, it would follow from it, that the
peroxide of gold is composed of about

91 gold

9 oxygen

100* .
When this oxide is moderately heated, it becomes pur-
ple. A stronger heat expels the whole of the oxygen,
and reduces it to the metallic state.
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#* Bergman’s Opuse, ii. 201.
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little known. It is formed when the metal is subject-
ed to combustion, or to the action of electricity, and
likewise by exposing the peroxide to the proper degree
of heat, or even by placing it in the rays of the sun.
Its colour is purple. Various preparations containing
it are used in the arts.

The oxides of gold are still but imperfectly known ;
and all the attempts hitherto made to investigate them
with more accuracy have been unasuccessful. Proust,
in a dissertation which he has recently published, en-
deavours to show, that what has been called the purple
oxtde of gold, is in reality gold in the metallic state *,
But his experiments do not appear to me satisfactory.
From Proust’s experiments compared with some of my
own, it is probable that there are three oxides of gold,
composed respectively of 100 parts gold combined with
8, 16, and 32 parts of«bxygcn. But from the great
readiness with which they are decomposed and altered,
it is extremely difficult to estimate their composition
with precision.

111. Hitherto gold has been united artxﬁma}ly to none
of the simple combustibles except phosphorus. Hydro-
gen and charcoal are said to precipitate it from its solu-
tions in the metallic state.

1. Sulphur, even when assisted by heat, has no ac-
tion on it whatever ; nor isit ever found hatura]ly
combined with sulphur, as is the case with most of the
other metals 5 yet it can scarcely be doubted that sul-
phur exercises some action on gold, though but a small

* Nicholson’s Four. xiv. 238, and 324.
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one: for when an alkaline bydro-sulpburet* is dropt
into a solution of gold, a black powder falls to the bot-
tom, which is found to consist of gald and sulphur,
merely, as Proust informs us, in a state of mixturet ;
and when potash, sulphur, and gold, are heated together,
and the mixture boiled in water, a considerable portion
of gold is dissolved, as Stahi first: discovered. Three
parts of snlphur, and three of potash, are sufficient to
dissolve one of gold, The solution has a yellow colour.
When an acid is dropt into it, the gold falls down, united
to the sulpbur in the state of a reddish powder, which
becomes gradually blacki. From the experiments of
Bucholz, it seems to be composed of about one part of
sulphur to 45 of gold, or of about

82 gold

18 sulphur

100§

2. Margraf failed in his attempts to unite gold with
phosphorus || ; but Pelletier was fortunate enough to
succeed by melting together in a crucible half an ounce
of gold and an ounce of phosphoric glass €, surrounded
with charcoal. The phospburet of gold thus produced
was brittle, whiter than gold, and had a crystallized ap-
pearance. It was composed of 23 parts of gold and

L

* By this is understood 2 combination of sulphureted hydrogen and
an alkali, These compounds will be described hereafter.

+ Nicholson’s Joxr. xiv. 241.

3 Stahl’s Opusc. Chym.-Phys.-M:d. p. 6¢6.

§ Bucholz, Beitrage zur erweiterung und Bericbtigung der Chemie, iil. 171.

fl Opusc. i. 2. ; ’

§ Phosphoric acid evaporated to dryness, and then fused,
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one of phosphorus *. He formed the same compound
by dropping small pieces of phosphorus into gold in

_fusiont. By the application of a sufficient heat, the

phosphorus is dissipated and the gold remains,

IV. Gold does not combine, as far as is known,
with either of the simple incombustible bodies.

V. But gold combines readily with the greater num-
ber of the metals, and forms a .'variety of alloys.

This metal is so soft that it is seldom employed in
a state of purity. Itis almost alwaysmixed with small
quantities of copper and silver. Goldsmiths usually
announce the purity of the gold which they sell in the
following manner :—¥Pure gold they suppose divided in-
to 24 parts called carats. Gold of 24 carats means
pure gold; gold of 23 carats means an alloy of 23 parts
gold, and one of some other metal ; gold of 22 carats
means an alloy of 22 parts of gold, and two of another
metal. The number of carats mentioned, specifies the
pure gold; and what that number wants of 24, indicates
the quantity of alloy. Thus gold of 12 carats would
be an alloy containing 12 parts gold, and 12 of some
other metal. In this country the caratis divided into
four grains ; among the Germans into 12 ; and by the
French it was formerly divided into 32 1. 5

% Ann. & Chim.i. 71, t Zbid, xiii. 104
$ Lewis's Philosoply. Commerce. p. 115.
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SECT. II. '

OF PLATINUM.

G oLD, the metal’just described, ‘was known in the
earliest ages, and has been always in high estimation,
on account of its scarcity, beaaty, ductility, and ‘inde-
structibility. = But platinum, though perhaps inferior
in few of these qualities, and certainly far superior in
others, was unknown in Europe, as a distinct metal, be-
fore the year 1749+, S b

reiagy ¥
Hgo

"} Father Cortinovis, indeed, has attempted to prove that this metal
was the electrum of the ancients. ' Seethe Chemical Anuals of Bragnatelli,
3790. ‘'That the elecszum of the ancients wasa metal, and a very valuable

. one, is evident from many of the ancient writers, patticularly Homer.
The following lines of €laudian are alone sufficient to prove it :
% Atria cinxit ebur, trabibus solidatur ahenis y
“ Culmen et in celsas surgunt dectra columnas.” L. I v.164.
. Pliny gives us an account of it in his Natural History. He informs us
that it. was a compesition of silver and gold ; and that by candle-light it
shone with more splendour thansilver.  The ancients made cups, statues,
and columns of it. Now, had it been our platinum, isit not rather ¢x-
traordinary that no traces of a metal, which must bave been pretty abun-
daat, should be perceptible in any part of the old continent ? .
4-As the passage of Pliny contains the fullest account of electrum to h,e
found in any ancient anthor, I shall give it in his own words, that, every
one may have it in his power to judge whether or not the descriptivn
will apply to the platinum of the moderns, .
% Omni ayro inest argentum vario pondere~ Ubicurque quinta arges-
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I. It hashitherto been found only in America, in Choco
in Peru, and in the mine of Santa Fe, near Carthagena.
Vauquelin has lately discovered it in considerable
quantity in the silver mines of Guadalcanal, in the pro-
vince of Estremadura in Spain*. The workmen of
the American mines must no doubt have been early
acquainted with it; and indeed some of its properties
are obscurely mentioned by some of the writers of the
16th century. Mr Charles Wood, assay-master in Ja-
maica, saw it in the West Indies about the year 1741.
He gave some specimens of it to Dr Brownrigg, whe
presented it to the Royal Society in 1750. In 1748 it
was noticed by Don Antonio de Ulloa, a Spanish ma-
thematician, who, in 1735, had accompanied the French
academicians to Peru in their voyage to measure a des
gree of the meridian. A paper on'it was published by
Mr Wood in the 44th volume of the Philosophical
Transactions for 1749 and 1750. Dr Lewis began a
set of experiments on it in 1749, the result of which
was published in four papers in the Philosophical Tran«
sactions for 1754, and afterwards two other papers were

& portio est, electrum vocatur.  Scrobes ez reperiuntar in Canaliensi, Fit
et cura electrum argento addito. Quod si quintam portionem excessit
incudibus non restitit. ' Et electro auctoritas, Homero teste, qui Menelai
regiam aure, Flectro, argento, ebore fulgere tradit. Minervz templum
habet Lindos insulz Rhodiorum in juo Helena sacravit calicem ex clecs
tro~~Electri natura cst ad lusernarum lumina clatius argento splendere.
Quod est nativum et venena deprehendit. Namgque discurrunt in calick
bus arcus ceelestibus similes cum igneo stridore, et gemina ratione prasdie
cunt,”’—Lib, xxxiii. cap. iv.
®* Ann. de Chim. 1x. 317.
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added*. These experiments demonstrate its peculiar
nature and its remarkable properties. In 1752, Schef-
fer of Sweden published a dissertation on this metal,
remarkable for its precision, if we consider the small
quantity of ore on which he had to work, which ‘was
not more than 40.grains. The experiments of Lewis
were repeated, and many curious additions made to
them by Margraf in 1751+ These dissertations ha-
ving been translated iu.0 French, drew the attention of
the chemists of that country, and induced Macquer and
Baumé 1 to make a set of experiments on platinum,
which were soon followed by the experiments of Buf-
fon, Tillet, and Morveau§ ; Sickengen ||, Bergman €,
Lavoisier *¥, and more lately Mussin Puschkin 4, and
Morveau 11 ; and several other chemists of eminence
have added to our knowledge of this mineral.

Crude platina comes from America in small flat
grains.of a silvery lustre. In this state it is exceeding-
ly impure, containing, either mechanically mixed, or
chemically united, no less than nine other metals; but
it may be reduced nearly to ai state of purity by the
following process. Dissolve the grains in dilated nitro-
muriatic acid with as little heat as possible. Decant
the solution from the black matter which resists the ac-
tion of the acig!. Dropinto it a solution of sal ammox

* Pbil, Trans. xlviii. 638, and ). 148, See also Pbik Com: p. 443, for &
full detail of all the experiments on this metal made before 1963,

t Mem. Berlin, 2757, p- 3t. and Margraf’s Opuac. ii. 226,

3 Mem. Par. 1758,p. 119, § Four. de Plys. iii. 324.

It Macquer’s Dictionary. §: Opusc. ii. 166.

¥ Ann, de Chien. ¥. 137. $4 284, xxiv. 208.

$3 16id xxv. 3. [
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nigc*.  An orange yellow-coloured precipitate falls t&
the bottom. Wash this precipitate; and when dry;
expose. it to a heat slowly raised to redness in a porce=
lain crucible. The powder which remains is platinuni
nearly pure. By redissolving it in nitro-muriatic acid,
and repeating the whole process, it may be made" still
purer. When these grains are wraptup in a thin plate
of platinum, heated to redness, and cautiously hammer-
ed, they unite, and the whole may be formed into an
ingott.

1. Platinum, thus obtained, is of a white colour like
silver, but not so bright f. It has no taste nor smell.

2. Its hardnessis 8. Its specific gravity, after being
hammered, 1s 23:000; so that it is by far the heaviest
body known §. t

3. It is exceedingly ductile and malleable; it may
be hammered out inte very thin plates, and drawn into
wires not exceeding s inch in diameter. In these

i # This salt will be deseribed afterwards, It is 3 combination of muri-
atic acid and emmonia. . )

+ Pbil. Mag. xxi. 175.

1To"this colour it owes its name. Plata, in Spamsh, is ¢ silver ,” and *
platina,  little silver,” was the name first given to the metal. Bergman
changed that name into' platinum, that the Latin names of all the metalt
might have the same termination and gender. It had been, however,
called platinum by Linnzus long before.

§ Kirwan's Miner. ii. 103, Authors differ considerably in their esti--
mate of the specific gravity of this metal. ' Lewis did not obtain it hea-
vier than geld ; but his trials were made on impiite’specimens.  Schef-
fer, from the specific gravity of the alloys made/by Lewis, calculated the
specific gravity of platinum at 21 ; but this theory, wis érroneous. - Sick-
ingen found it 21°061.. I have a crucible whese specific gravity at first
was near 22. Chabanau found the specific gravity osfépure hemmered
platinurg no less than 24. R




PLATINUM.

-propcmcs it is probably infeflor to gold, but it seems
to surpass all the other metals.

‘4. Its tenacity is such, that a wire of platinum 0°0'18
inch in diameter is capable of supporting a weight of
27431 1bs avoirdupois without breaking *

5. It is one of the most infusible of all metals, and
cannot be melted in any quantity at least, by the strong-
est artificial heat which can be produced. Macquer and
Baumé melted small particles of it by means "of a
blow-pipe, and Lavoisier by exposing them on red hot
charcoal to a stream of oxygen gas. It may indeed be
melted without difficulty when combined or mixed with
other tbodies, but then it is not in a state of purity.
Pieces of platinum, when heated to whiteness, may be
welded together by hammering in the same manner as
hot iron.

6. This metal is not in the smallest degree altered
by the action of air or water.

II. It cannot be combined with oxygen and convert-
ed into an oxide by the strongest artificial heat of our
furnaces. Platinum, indeed, in the state in which it is
brought from America, may be partially oxidized by
exposure to a violent heat, as numerous experiments
have proved ; but in that state it is not pure, but com-
bined with a quantity of iron. It cannot be doubted,
however, that if we could subject it to a sufficient heat,
platinam would burn, and be oxidized like other me-
tals : For when Van Marum exposed a wire of plati-
num to the action of his powerful electrical machine,
it burnt with 2 faint white flame, and was dissipated in-

* Morveau, Asn. de Chim. xxV. 9.

7ol. 1. L
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to a species of dust, which proved to be the oxide of
platinum. By putting a platinum wire into the flame
produced by the combustion of hydrogen gas mixed
with oxygen, I caused it to burn with all the brilliancy
of iron wire, and to emit sparks in abundance.

1. To obtain the oxides of this metal, it is necessary
to have recourse to the action of an acid. When the

deep brown solution of platmum in nitro-muriatic_acid

is treated with lime watcr a yellowish-brown powder

falls. ~ Dissolve this powder in nitric acid ; evaporate

to dryness, and apply a heat sufficient to drive off the
acid. The brown powder which remains is the per-
oxide of platinum. It is tasteless and insoluble jn wa-
ter.  When heated to redness, the oxygen is driven off,
and the oxide reduced to the metallic state. One hun-
dred and fifteen parts of oxide, by this treatment, leave
100 parts of metal. Hence the oxide is composed of

87 platinum

. 13 oxygen

100 *

2. If the heat in this experiment be very cautiously
raised, the oxide, before it is reduced, assumes a green
colour, Thls change is occasioned by the separation of
a portion of the oxygen. The green-coloured powder
is, according to Chenevix, a protoxide of platinum.
From his experiments, we learn that it is composed of

93 platinum
7 oxygen

100+

* Chenevix on Palladium, P&, Trans. 1863, °  4id.
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- 1. Neither hydrogen nor carbon have been hitherto
- combined with it.

2. Phosphorus unites without difficulty, and forms a
~ phosphiret. By mixing together an ounce of platinum,
- an ounce of phosphoric glass, and a dram of powdered
~ charcoal, and applying a heat of about 32° Wedge-

wood, Mr Pelletier formed a phospburet weighing more
than an ounce. It was partly in the form of a button,
and partly in cubic érystals. It was covered above by
a blackish glass. It was of a silver white colour, very
brittle, and hard enough to strike fire with steel. When
exposed toa fire strong enough to melt it, the phospho-
rus was disengaged, and burnt on the surface *. He
found also, that when phosphorus was projected on red
hot platinum, the metal instantly fused and formed a
phosphuret. = As heat expels the phosphorus, Mr Pel-

- letier has proposed this as an easy method of purifying
platinum .

3. Platinum cannot be made to unite to sulphur by
heating them together f. In this respect it resembles
gold. Yet there seems to be an affinity between the
two substances; for when the metal is heated with a
mixture of potash. and sulphur, it is corroded and ren-
dered partly soluble in water, as was proved by the
experiments of Lewis§ and Margraf|l. And when
sulphureted hydrogen gasis passed into a solution of
platinum in an acid, the metal is thrown down in dark

¥ Ann.de Chim. i. 71, } 2bid. xiik. 105,
t Lewis, Pbil, Com. p. 498, § Ibid. p. 499.
fl Opuss. ii. 234.7 ‘

L2

1635

I i i bustibl this Chap.IV.
..,H{.'Ll’hc action of ,the' simple comlpusihied; on/shis
metal is not more remarkable than their action on gold.

Phosphue

Sulphuret,
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brown flakes, apparently in combination with sulphur.
Indeed, if we believe Mr Proust, a sulphuret of this
metal occurs sometimes mixed with native piatina . 3

IV. Platinum, as far as is known, does not combine
with the simple incombustibles.

V. It combines with most of the metals and forms
alloys, which were first examined by Dr Lewis.

1. Dr Lewis found that gold united with platinum
when they were melted together in a strong heat. He
employed only erude platina; but Vauquelin, Hatchett,
and Klaproth, have since examined the properties of the
alloy of pure platinum and gold +. To form the alloy,
it is necessary to fuse the metals with a strong heat,
otherwise the platinum is only dispersed through the
gold.  When gold is alloyed with this metal, its co-
lour is remarkably injured ; the alloy having the ap-
pearance of bell metal, or rather of tarnished silver.
Dr Lewis found, that when the platinum amounted only
to ith, the alloy had nothing of the colour of gold;
even one forty-second part of platinum greatly injured
the colour of the gold. The alloy formed by Mr
Hatchett of nearly eleven parts of gold to one of pla-
tinum, had the colour of tarnished silver. It was very
ductile and elastic. From Klaproth we learn, that if
the platinum exceed th of the gold, the colour of the
alloy is much paler than gold ; but if it be under ;% th,
the colour of the gold is not sensibly altered. Neither

% Ann. de Chim. xxxviii. 149. Tt is not unlikely that this ingenious
chemist took for a sulphuret of platinum some one of the numerous me-
tallic bodies that have been lately discovered in crude platina.

+ Vauquelin, Manuel de I’ Ersayeur, p. 44—~Hatchett on the Alloys of
Gold, &e. Pbil. Trans 1803.—Klaproth, Jewrnal de Chimiey v, 29,
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is there any alteration in the ductility of the gold.
Platinum may be alloyed with a considerable propor-
tion of gold without sensibly altering its colour. Thus
an alloy of one part of platinum with four parts of

. gold can scarcely be distinguished in appearance from

pure platinum.  The colour of gold does not become
predominant till it constitutes eight-ninths of the al-
loy *.

From these facts it follows, that gold cannot be al-
loyed with ;% th of its weight of platinum, without ea-
sily detecting the fraud by the debasement of the co-
lour ; and Vauquelin has shown, that when the plati-
num does not exceed y;th, it may be completely sepa-
rated from gold by rolling out the alloy into thin plates,
and digesting it in nitric acid. < The platinum is taken
up by the acid while the gold remains. But if the
quantity of platinum exceeds ;th, it cannot be separa-
ted completely by that method +.

SECT. III.
OF SILVER.

1. Srzver seems to have been known .almost as early
as gold.

1. It is a metal of a fine white colour with a shade
of yellow, without either taste or smell ; and in point

1.7

* Klaproth, Journal de Chimie, iv, 29.
t Manuel de I’ Essayaur, p. 48.
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of brilliancy is perhaps inferior to none of the metallic
bodies, if 'we except pohshed steel.

2. Its hdrdness is 7. ' When melted, its $pecific gra+
vity'is 10°474 * ; when hammered, 10°510.

‘3! In malleability' it is inferior to none of the me-
tals, if we except' gold. : It may be beat out into
leavesi only v'5so inch thick.  Its ductility is equally
remarkable: it may be drawn out into a wire much
finer than a human hair; so fine ‘indeed, that a single -
grain/ of i silver may be extended about' 460 feet in
length. = aprfstely

4. Its tenacity is such, that a wire of silver 0-078
inch in diameter is capable of supporting a weight of
187°131bs avoirdupois without breaking .

5. Silver melts when it is heated completely red
hot 3 ‘and ‘while melted 'its brilliancy is ' much’ increas
sed. - According to the calculation of Mortimer and
Bergman, its fusing point is 1000° of Fahrenheit. - Dt
Kennedy ascertained, that the temperature at which it
melts corresponds to 22° of Wedgewood’s pyrometer §.
If the heat be increased after the silver is melted, the
liquid metal boils, and* may be volatilized ; but a very

% Brisson and Hatchett, Fahrenheit found it 10'481. (PUil. Trans.
1724, vol. xxxiii. p. 114.) 1 found pure silver melted and slowly cooled
of the’ specific gravity 103946 ; when hammered it became 1041773
when rolled out into a plate it became 104812, Nicholson’s Jour. xiv,
397 ol e
t According, to Brisson.  Muschenbro¢ck found the specific gravity of
hammered silver 10'500. Dr Lewis makes it no less than 10980, (Phil.
Conz. p. 549.)

$ Ann. de Chim. xxv. 9o

§ Sir James Hall, Nicholsor’s' Jour. i 99:
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 strong and long-continued heat is necessary. Gasto
Claveus kept an ounce of silver melted in a glass-house
furnace for two months, and found, by weighing it,
that it had sustained a loss of 4% of its weight*.

When cooled slowly, its surface exhibits the appear-
ance of crystals; and if the liquid part of the metal be
poured out as soon as the surface congedls, pretty large
crystals .of silver may be obtained. By this method
Tillet, and Mongez junior, obtained it in four-sided
pyramids, both insulated and in groups.

- IL Silver is not. oxidized by exposure to the air':
it gradually indeed loses its lustre, and becomes tar~
nished ; but this is owing to a different cause. Nei-
ther is it altered by being kept under water. But if it
be kept for a long -time melted in an open vessel, it
gradually attracts oxygen from the atmosphere, and
is converted into an oxide. This experiment was first
- made by Junker, who converted a quantity of silver into
avitrifermoxidet. It wasafterwards confirmed by Mac-
quer and Darcet.  Macquer, by exposing silver 20
times successively to- the heat of a porcelain furnace,
obtained a glasst of an olive green colour§. Nay, if
the heat be sufficient, the silver even takes fire, and
burns like othér combustible bodies. - Van Marum
made electric sparks from-his powerful Teylerian ma-
" chine pass through a silver wire ; the wire exhibited 2

* Tleatrum Chem. ii. 17.

1 Junker’s Conspectus Chem. 1. 837.

$ Metallic oxides, after fusion, are called glzss, because they acquire 2
good deal of resemblance, in some particulars, to common glasse

§ Macquer’s Dictionary, il §71.
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greenish white flame, and was dissipated into smoke.
Before @ stream of oxygen and hydrogen gas, it
burns rapidly with a light green flame. By means
of the galvanic battery it may be burnt with great
brilliancy. '
The oxide of silver, obtained by means of heat, is of

a greenish or olive colour.  When silver is dissolved
in nitric acid, and precipitated by lime water, it falls
to. the bottom under the form of a powder of a
dark olive brown colour. From the experiments of
Klaproth we learn, that this oxide is composed of 100
parts of silver united to 12'8 of oxygen ¥, or per cent.
of about :

89 silver

11 oxygen

100

which differs but little from the previous statements of
Bergman+ and Wenzel. But Proust, from an experi-
ment, which however he thinks requires repetition,
considers this oxide as 2 compound of 100 silver and
o oxygen I. This oxide is tasteless and insoluble in
water. When exposed to the light, part of its oxygen
1s separated, as Scheele first ascertained, and it is con~
verted into a black powder, which contains but a very
small portion of oxygen, and may be considered as sil-
ver reduced. By exposing the solution of silver in ni-
tric acid to sunshine, the silver precipitates in the form
of a flea-brown powder,

* Beitrage, lii. 299. $ Opuse. iii. 391.
$ Nicholson’s Jour. xv. 375.
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The oxide now described, as far as we know at pre-
sent, is the peroxide of silver ; the protoxide, as Proust
has discovered, may be formed by dissolving silver in
nitric acid, and heating the solution in contact with a
portion of the metal in the state of powder. Its colour
resembles that of the peroxide; but its combination
with nitric acid is much more soluble *.

III. Neither carbon nor hydrogen have been com-
bined with silver; but it combines readily with sulphur
and phosphorus.

1. When thin plates of silver and sulphur are laid al-
ternately above each other in a crucible, they melt rea-
dily in 2 low red heat, and form sulpburet of silver. Tt
is of a black or very deep violet colour; capable of
being cut with a knife; often crystallized in small
needles; and much more fusible than silver. If suf-
ficient heat be applied, the sulphur is slowly volatilized,
and the metal remains behind in a state of purity. This
compound frequently occurs native. It has a dark
grey colour, a metallic lustre, and the softness, flexibi-
lity, and malleability of lead. Its specific gravity is

about 7°2. According to the analysis of Klaproth, it is
composed of )
. 85 silver

15 sulphur

100+
Hence 100 parts of silver unite with about 176 parts
of sulphur 1.

#® Nicholson’s Jour. xv. 376. + Beitrage, i 162.

tIn ‘Wenzel’s trials, 100 parts of silver took up only 147 parts of sul-
phur. But probably thchcat was too great, Verwandtschaft, p, 279
Grindel's edition. j
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It is well known that when silver is long exposed to
the air, especially in frequented places, as chuarches,
theatres, &ec. it acquires a covering of a violet colour,
which deprives it of its lustre and malleability. This
covering, which forms a thin layer, can enly be detach-
ed from the silver by beuding it, or breaking it in pieces
with a hammer. It was examined by Mr Proust, and
found to be sulpburet of silver *.

2. Silver was first combined with phosphorus by Mr
Pelletier. If one ounce of silver, one ounce of phospho-
ric glass, and two drams of charcoal, be mixed together,
and  heated in a crucible, phospburet of silver is forma
ed. Itisof a white colour, and appears granulated, or
as it were crystallized. It breaks under the hammer,
but may be cut with a knife. It is composed, of four
parts of silver and one of phosphorus. . Heat decom-
poses it by separating the phosphorus+t. = Pelletier has
observed that silver in fusion is capable of combining
with more phosphorus than solid silver: for. when
phosphuret of silver is formed by projecting phospho-
ras. into melted silver, after the crucible is taken from
the fire, a quantity of phosphorus is emitted the mo-
ment the metal congeals 1.

IV. Silver doesnot combine with the simple incom-
bustibles.

V. Silver combines readily with the greater number
of metallic bodies.

1. When silver and gold are kept melted together,
they combine, and form an alloy composed, as Homberg

#° 4. di Chir. . T4 $ Pelletizt, Ann, de’ Chim. i. 73,
t Aus. de Chim 3iii. 116, . ;
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ascertained, of one part of silver-and five of gold. He
kept equal parts of gold and silver in gentle fusion for
a quarter of an hour, and found, on breaking the cruci-
ble, two masses, the uppermost of which. was pure sil-
ver, the undermost the whole gold combined with . of
silver. Silver, however, may be melted with gold in
almost any proportion ; and if the proper precau-
tions be employed, the two metals remain combined
together.

The alloy of gold and silver is harder and more so-
norous than gold. - Its hardness is'a maximum when
the alloy contains two parts of gold and one of silver *.
The density of these metals is a little diminished +, and
the colour of the gold is much altered, even when the
proportion of the silver is small ; one part of silver pro-
duces a sensible whiteness in twenty parts of gold.
The colour is not only pale, but it has also. a very sen-
sible greenish tinge, as if the light reflected by the sil-
ver passed through a very thin éovering of gold. This
alloy, being more fusible than gold, is employed to sol-
der pieces of that metal together.

2. When silver and platinum are fused together (for
which a very strong heat is necessary), they form a
mixture, not. so ductile as silyer, but harder and less
white. The two metals are separated by keeping them
for some time in the state of fusion; the platinum
sinking to the bottom from its weight. This circum-
stance would induce one to suppose that there is very
little affinity between them. ' Indeed Dr Lewis found,
that when the two metals were melted together, they

# Muschenbroeck, + Hatchett.
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Book I sputtered up-as if there were a kind of repugnance be-
Efﬁff_l, tween them. The difficulty of uniting them was no-

ticed also by Scheffer *

SECT. IV.

OF MERCURY,

1. MERCURY, called also QUICKSILVER, was known in
the remotest ages, and seems to have been employed by
the ancients in gilding and in separating gold from other
bodies just as it is by the moderns.

1. Its colour is white and similar to that of silver;
hence the names bydrargyrum, argentum vivum, quick-
silver, by which it has been known inall ages. Ithas
no taste nor smell. It possesses a good deal of brillian-
cy: and when its surface is not tarnished, makes a very
good mirror.

2. Its specific gravity is 13568 +.

When in a solid state its density is increased ; its
specific gravity, according to the experiments of Schulz,

Properties.

* Lewis’s Pbilosoph. Commeree, . 522+

+ Cavendish and Brisson. The specific gravity varies considerably
bike that of all other metals. Fahrenheit found it 13:575. (Phil, Trans.
1724.vol. xxxiii. 114.) Mr Biddle found it 13°613 at the temperature
of 50°, (Phil. Mag. xxx. 134).
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being 14°301%, according to the experiments of Mr
Biddle 14465 1.

3. At the common temperatare of the atmosphere it
is always in a state of fluidity.  In this respect it dif-
fers from all other metals. But it becomes solid when
exposed to a sufficient degree of cold. The tempera-
ture necessary for freezing this metal is —399, as was
ascertained by the experiments of Mr Hutchins 1 at
Hudson’s Bay. The congelation of mercury was acci-
dentally discovered by Professor Braun at Petersburghin
1759. Taking the advantage of a very severe frost,
he plunged a thermometer into a mixture of snow
and salt, in order to ascertain the degree of cold there-
by produced. Observing the mercury stationary, even
after it was removed from the mixture, he broke the
bulb of the thermometer, and found the metal frozen in<
to 2 solid mass. This experiment has been repeated
very often siuce, especially in Britain §. Mercury con-
tracts considerably at the instant of freezing ; a circum-
stance which misled the philosophers who first witnes-
sed its congelation. The mercury in their thermome-
ters sunk so much before it froze, that they thought
the cold to which it had been exposed much greater
than it really was.” It was in consequence of the
rules laid down by Mr Cavendish, that Mr Hutchins

* Gehlen’s Jour. iv. 434. + Pbil. Mag. xxx.134.

} Pbil. Trans. 1783, p. 303. Sce also Mr Cavendish’s observations on
Mr Hutchin’s experiments in the same volume of the Transactions.

§ The method of performing this experiment will be described in the
Second Division of the first part of this Work.

Point of
congela-
tion.
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was enabled to ascertain the real freezing point of the
metal. =3

4. Solid mercury may be subjected to the blows of a
hammer, and may be extended without breaking. . It is
therefore malleable ; but neither the degree of its mal-
leability, nor its ductility, nor its tenacity, have been
ascertained.

5. Mercury boils when heated to 656°*. It may
therefore be totally evaporated, or distilled from one
vessel into another. It is by distillation that mercury
is purified from various metallic bodies with which
it is often contaminated. The vapour of mercury
is invisible and elastic like common air: like air,
too, its elasticity 1is indefinitely increased by heat,
so that it breaks through the strongest vessel. Geoff-
ray, at the desire of an alchymist, inclosed a quan-
tity of it in an iron globe strongly secured by iron
hoops, and put the apparatus into a furnace.  Soon
after the globe became red hot, it burst with all the
violence of a bomb, and the whole of the mercury was
dissipated .

II. Mercury is not altered by being kept under wa-
ter. When exposed to the air, its surface is gradually
tarnished, and covered with a black powder, owing to
its combining with the oxygen of the atmosphere. But
this change goes on very slowly, unless the mercury be
either heated or agitated, by shaking it, for instance, in
a large bottle full of air. By either of these processes

% Crichten, Pbil. Mag. xiv. 49. + Macquer's Clewirisy.




T

MERCURY. -

the metal is converted into an oxide: by the last, into
a black coloured oxide; and by the first, into a red
coloured oxide.  This metal does not seem to be capable
of combustion; at least no method which I have hither-
to tried to burn it has succeeded. It is the only metal
I have hitherto had an opportunity of examining which
may not, by peculiar management, be made to bura.

The oxides of mercury at present known are four in
number.

1. The protoxide was first described with accuracy
by Boerhaave. He formed it by putting a little mer-
cury into 2 bottle, and tying it to the spoke of a mill-
wheel*. By the constant agitation which it thus under-
went, it was converted into a black powder, to which
he gave the name of ethigps per se. It is a black pow-
der without any of the metallic lustre, has a coppery
taste, and is insoluble in water. According to the ex-
periments of Fourcroy, it is composed of 96 parts of
mercury and four of oxygent. According to Messrs
Braamcamp and Siquiera-Oliva, it is composed of
92:5 mercury and 7°5 oxygenf. When this oxide is
exposed to a strong heat, oxygen gas is emitted, and the
mercury reduced to the metallic state. In a more mo-
derate heat it combines with an additional dose of oxy-
gen, and assumes a red colour.

This black oxide may be procured by shaking pute

* This experiment was first made by Homberg in 1699. He at-
tached a bottle holding some mercury to the clapper of a mill. Max-
tyn’s Abridg. of the Par. Mem. vol. i. -

t Jour. de Mixes, An. x. p. 233. t Ana.de Chim. liv. x30.
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mercury in oXygen gas or common air, or by triturating
1t with water*,

2. When mercury is dissolved in nitric acid without
the assistance of heat, and the acid is made to take up
as much mercury as possible, it has been ascertained
by the experiments of Mr Chenevix, that an oxide is
formed, composed of 893 mercury and 107 oxygent.
In this case, 100 parts of mercury unite with about 12
of oxygen. This oxide cannot be separated complete-
ly from the acid which holds it in solution without un-
dergoing a change in its composition; of course we
are at present ignorant of its colozr and other properties.
Indeed it is believed by many to be the same with the
black oxide just described under the name of protoxide ;
but as this has not been proved, and as experiments
have given a different proportion of oxygen for each,
it would be improper at present to confound them to-
gether. Besides, during the formation of the 7ed oxide
of mercury by heat, three stages may be observed:
The metal first assumes the form of a black powder ;
this powder becomes afterwards ye/low, and at last red.
The yellow powder may be the very oxide which is
formed by nitric acid in the above process.

3. When mercury, or its protoxide, is exposed to a
heat of about 600°, it combines with additional oxy-
gen, assumes a red colour, and is converted into an ox-
ide, which, in the present state of our knowledge, we
must consider as a #ritoxide. This oxide may be form-
ed two different ways: 1. By putting a little mercury

# Sce Wasserberg's nstitutiones Chemie, it. 26,
¥ Plil. Trans. 1803,
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into a flat-bottomed glass bottle or matrass, the neck of Chap.1V.
L——y_i

which is drawn out into 2 very narrow tube, putting
the matrass into a sand bath, and keeping it constantly
at the boiling point. The height of the matrass, and
the smallness of its mouth, prevents the mercury from
making its escape, while it affords free access to the air.
The surface of the mercury becomes gradually black,
and then red, by combining with the oxygen of the air:
and at the end of several weeks, the whole is converted
into a red powder, or rather into small crystals of a
very deep red colour. The oxide, when thus obtain~
ed, was formerly called precipitate per se. 2. When
mercury is dissolved in nitric acid, evaporated to dry-
ness, and then exposed to a graduated heat, it assumes
a brilliant scarlet colour. The powder thus obtained
was formerly called »ed precipitate, and possesses ex-
actly the properties of the oxide obtained by the for-
mer process ¥, ;

This oxide has an acrid and disagreeable taste, pos-
sesses poisonous qualities, and acts as an escharotic
when applied to any part of the skin. It is somewhat
soluble in water. When triturated with mercury, it
gives out part of its oxygen, and the mixture assumes
various colours according to the proportion of the in-
gredients. When heated along with zinc or tin filings,
it sets these metals on fire. According to Foureroy, it
is composed of 92 parts of mercury and eight of
oxygent. But the analysis of Mr Ghenevix, to be

* See a description of the method of manufacturing this oxide, by
Payssé, Ann.de Chim. 1i. 202.
1 Jour. de Mines, Ap. x. p. 283. L
Yol 1. M
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described hereafter, gives, for _ the proporiion of its
component parts, 85 parts of mercury and 15 parts of
oxygen. Messrs Braamcamp and Siquiera-Oliva, on
the other hand, found it a compound of 90 mercury
and 10 oxygen*.

4. When a current of oxymuriatic gas is passed
through water in which there is.red oxide of mercury,
the oxide gradually assumes a dark brown colour, and
a portion of -it is dissolved. = This brown powder re-
tains the form and crystalline appearance of the red
oxide. It dissolves in nitric acid without effervescence ;
with muriatic acid it forms the very same compound as
the red oxide ; and from both it is thrown down in the
state of a yellow powder by potash, as is the case with
the red oxide when, similarly dissolved. We have
therefore no proof, except the new colour, to lead us to
suppose that the brown powder is a different oxide from
the red. Mr Chenevix, however, to whom we are in-
debted foriall these facts, is rather inclined to consider
them: as:distinct +..  Bus Messrs Braamcamp and Si-
quiera<Oliva have rendered it extremely probable, that
the . darkrcolour is ‘owing merely to the presence of a
portion of muriatic acid, and not to any. difference in
the state of ioxidizement .

IIT.. Mercory does not combine with carbon nor hy-
drogen ;:but it unites readily with sulphur and with
phosphorus. . 1

1./ When two’ parts of sulpbur and one of mercury
are triturated together in a mortar, the mercury gradually

# Aun, de Chim, liv. 118. + Pbhil. Trans. 1802
3 dande Glim. liv. 129.

: .
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disappears, and the whole assumes the form of a black
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powder; formerly called ethiops mineral. It is scarcely

possible by this process to combine the sulphur and
mercary ‘so completely, that small globules of the me-
tal may not be detected by 'a microscope. -When mer-
cury is added slowly to its own weight of melted sul-
phur, and the mixture is constantly stirred, the same
black compound is formed. i

When this substance is heated, part of the sulphur 1s
dissipated, and the compound assumes a deep violet co-
lour.

Fourcroy had suggested that'in this compound the
mercary is in the state of black oxide, absorbing the
necessary portion of oxygen from the atmosphere du-
ting its combination with the sulphur*. But the late
experiments of Proust have shown that this is not the
case +. Berthollet had conjectured that it contains sul-
phureted hydrogen; but Seguin has ascertained that
this opinion is not well foundedf. FEthiops mineral,
then, is merely a sulphuret of mercury. The union
is probably less intimate, and the proportion of sulphur
greater, than in red sulphuret of mercury.

2. When ethiops mineral is heated red hot, it sub-
limes ; and if a proper vessel be placed to receive it, a
cake is obtained of a fine red colour. This cake was
formerly called cinmabar ; and when reduced to a fine
powder, is well known in commerce under the name of

* Fourcroy,, v. 298, 1 Four.de Phys. liii. 92.
t Statigwe Chimigue, i, 438,

Me
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D}‘z;’i':::;:l. vermilion®. It has been hitherto supposed a compound
of the oxide of mercury and sulphur. But the experi-
ments of Proust have demonstrated that the mercury
which it contains is in the metallic state. According
to that very accurate chemist, it is composed of 85 parts
of mercury, and 15 of sulphur+. It is therefore a sul-
phuret of mercary.

This sulphuret of mercury has a scarlet colour, more

or less beautiful, according to the mode of preparing it.

Its specific gravity is about 10. It is tasteless, inso-

luble in water, and in muriatic acid, and not altered by

exposure to the air.  When heated sufficiently, it takes

fire, and burns with a blue flame. - When mixed with

half its weight of iren filings, and distilled in a stone

ware retort, the sulphur combines with the iron, and

the mercury passes into the receiver, which ought to

contain water. By this process mercury may be ob-

tained in a state of purity. The use of this sulphuret

of mercury as a paint is well known 1. )

Cinnaber may be prepared by various other proces-
ses. One of the simplest of these is the following,
lately discovered by Mr Kirchoff. When 300 grains
of ‘mercury, and 68 of sulphur, with a few drops of so-
lution ‘of potash to moisten them, are triturated for

"% The word wermilion is derived from the French word wermei, which
comes from wermiculus, or wermiculum : names given in the middle ages to
the kermes or coceus illicis, well known as a red dye.  Permilion originally
signified the red dye of the kermes. Sce Beckmann's History of Discovetiss,
ii. 180.

+ Jour. de Phys. lifi. 9.

t Sec a description of the precess of making it by Paysse, Ann. &e Chim.
Ji. 196, and by Tuckert, iid, iv, 25,
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some time 1n a porcelain cup by means of a glass pestle,
ethiops mineral is produced. < Add to this 160 grains
of potash dissolved in as much water. Heat the ves-
sel containing the ingredients over the flame of a can-
dle, and continue the trituration without interruption
during the heating. In proportion as the li.quid evapo-
rates, add clear water from time to time, so that the ox-
ide may be constantly covered to the depth of near an
inch. The trituration must be continued 2bout two
hours; at the end of which time the mixture begins to
change from its original black colour to a brown, which
usually happens when a large part of the fluid is evapo-
rated. It then passes very rapidly to a red. No more
water is to be added ; but the trituration is to be con-
tinued without interruption. When the mass has ac-
quired the consistence of a jelly, thered colour becomes
more and more bright, with an incredible degree of
quickness. The instant the colour has acquired its ut-
most beauty, the heat must be withdrawn, otherwise the
red passes to a dirty brown. Count de Moussin Pousch-
kin has discovered, that its passing to a brown colour
may be prevented by taking it from the fire as soon as
it has acquired a red colour, and placing it for two or
three days in a gentle heat, taking care to add a few
drops of water, and to agitate the mixture from time
to time. During this exposure the red colour gradu-
ally improves, and at last becomes excellent. He dis-
covered also, that when this sulphuret is exposed to a
strong heat, it becomes instantly brown, and then pas-
ses into a dark violet ; when taken from thefire, it pas-
ses instantly to a beautiful carmine red *.

« * Nicholsor’s Jouraal, ii, 1.
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3. Mr Pelletier, after several unsuccessful attempts

‘——~— to combine phosphorus.and.mercury, at last sncceeded

Phosphuret.

Amalgams,

Of Gold.

by distilling 2 mixture of red oxide of mercury and
phosphorus.  Part of the phosphorus combined with
the oxygen of the oxide, and was converted into an acid ;
the ‘rest combined with the mercury. He observed,
that the mercury was converted into a black powder be-
fore it combined with the phosphorus. On making the
experiment, I found that phosphorus combines very
readily with the black oxide of mercury, when melted
along with it ina retort filled with hydrogen gas to
prevent the combustion of the phosphorus. |As Pelle~
tier could not succeed in his attempts to combine phos=
phorus with mercury in its metallic state, we must
conclude that it is not with mercury, but with the black
oxide of mercury, that the phosphorus combines. The
compound therefore is not phosphuret of ey but

black phosphureted oxide of mercury.

It 1s of 2 black colour, of a pretty solid consistence,
and capable of being cut with a knife. When exposed
to the air, it exhales vapours of phosphorus *.

IV. Mercury does not combine with the simple in-
combustibles.

V. Mercury combines with the greater number of
metals. These combinations are known in chemistry
by the name of aemalgams +.

1. The amalgam of gold is formed very readily, be+
cause there is a very strong affinity between the two

* Ann. de Chim. xiii. 112. ’
t This word is supposed to be derived from aww and yauw 3 of course

it signifies literally intermarriage,
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metals. If a bit of gold be dipped into mercury, its
snrface, by combining with mercury, becomes as white
as silver. The easiest way of forming this amalgam is
to throw small pieces of red hot gold into mercury
heated till it begins to smoke. The proportions of the
ingredients are not determinable, because they combine
in any proportion. This amalgam is of a silvery white-
ness.” By squeezing it through leather, the excess of
mercury may be separated, and a soft white amalgam
obtained, which gradually becomes solid, and consists
of about one part of mercury to two of gold. It melts
at a moderate temperature ; 2nd in a heat below redness
the mercury evaporates, and leaves the gold in a state
of purity. " Itis much used in gilding. ~ The amalgam
is spread upon the metal, which is to be gilt; and then
by the application of a gentle and equal heat, the mer-
cury is driven off, and the gold left adhering to the me-
tallic surface ; this surface is then rubbed with a brass
wire brush under water, and afterwards burnished *.
2. Dr Lewis attempted to form an amalgam of pla-
tinum, but succeeded only imperfectly, as was the case
also with Scheffer+. Guyton Morveau succeeded by
means of heat. He fixed a small cylinder of platinum
at the bottom of a tall glass vessel, and covered it with
mercury. The vessel was then placed in 2 sand-bath,
and the mercury kept constantly boiling. The mercury
gradually combined with the platinum ; the weight of
the cylinder was doubled, and it became brittle. When
heated strongly, the mercury evaporated, and left the

* Gellert's Metallurgic Chemistry, 375, and Lewis, Pbill Com. p. 75,
t Lewis, Pbil. Com. p. 508.
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platinum partly oxidated. It is remarkable that the
platinum, notwithstanding its superior specific gravity,
always swam upon the surface of the mercury, so that
Morvean was under the necessity of fixing it down *.

The simplest and easiest way of combining plati-
num and mercury was pointed out by Muschin Push-
kin. It consists in triturating with mercury the fine
powder obtained by precipitating platinum from nitro-
muriatic acid by sal ammoniac, and exposing the pre-
cipitate to a graduated heat, Some trituration is ne-
cessary to produce the commencement of combination ;
but when once it begins, it goes on rapidly. Small quan-
tities of the platinum and mercury are to be added alter-
nately till the proper portion of amalgam is procured.
The excess of mercury is then separated by squeezing
it through leather. The amalgam obtained is of a fine
silvery whiteness, and does not tarnish by keeping. At
first it is soft, but gradually dequires hardness. It ad-
heres readily to the surface of glass, and converts it
into a smooth mirror. ‘

3. The amalgam of silver is made in the same man-
ner as that of gold, and with equal ease. It forms den-
dritical crystals, which, according to the Dijon acade-

® Ann.dc Cbim. xxv. 12.—This was doubtless owing to the strong co-
hesion which exists between the particles of mercury. ‘If you lay a large
mass of platinum upon the surface of mercury, it sinks directly on ac-
count of its weight; but 2 small slip (a platinum wire, for instance)
swims, being unable to overcome the cohesion of the mercury. How-
ever, if you plunge it to the bottom, it remains there in consequence of
its superior weight. If heat be now applied to the bottom of the vessel,
the wire comes again to the surface, being buoyed up by the hot mercury,
to which it has begun to adhere. These facts explain the seeming anomaly
observed by Morveau.
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micians, contains eight parts of mercury and one of sil-
ver. It is of a white colour, and is always of a soft
consistence. Its specific gravity is greater than the
mean of the two metals. Gellsrt has even remarked,
that when thrown into pure mercury, it sinks to the
bottom of that liquid *. When heated sufficiently, the
mercury is volatilized, and the silver remains behind
pure. This amalgam is sometimes employed, like that
of gold, to cover the surfaces of the inferior metals with
a thin coat of silver.

. SECT. V.

OF PALLADIUM,

"Tats metallic body, recently discovered by Dr Wol-
laston in crude platina, has given birth to a very ex-
traordinary controversy, which is not yet settled.

In the month of April 1803, a printed paper was par-
tially circulated in London, announcing, that a new me-
tal called palladium, or new silver, was sold at Mr
Forster’s, Gerrard-street. Several of the properties of
the metal were stated ; but the name of the discoverer,
and every thing which could lead to the knowledge
of the substance from which it was obtained, were

* Gellert’s Metallurgic Clemisiry, 142
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omitted. This unusual mode of proceeding led Mr
Chenevix to suspect imposition on the part of the dis-
coverer, and induced him to undertake a very labori-
ous set of experiments to detect what he considered as
a fraud. The result of his inguiries was published in
the Philosophical Transactions for 1503. He concluded
palladium to be 2 compound of platinum and mercury.
He pointed out various methods of uniting the two me-
tals together ; but could not succeed in again decompo-
sing them, or in reducing palladium te its constituents.
The very extraordinary consequences that followed from
these experiments and assertions of Chevenix, imme-
diately attracted the attention of all chemists to the suba
ject. Dr Wollaston and Mr Smithson Tennant very
soon announced, that they considered Mr Chenevix as
mistaken, as his experiments in their hands did not
succeed. Dr Wollaston informed him, that he had
detected small quantities of palladium in crude pla-
tina, and endeavoured to convince him that the pal-
Jadium in his experiments had been derived from that
source. Mr Chenevix, however, still persisted in his
original opinion. Some months after, a letter was pub-
lished by the unknown discoverer, denying the accu-
racy of Chenevix’s experiments, affirming that palladi-
um cannot be made artificially, and offering a reward
of twenty guineas to any person who could produce
twenty grains made either by means of the formula of
Chenevix or any other. The money was actually de-
posited, but nobody appeared to lay claim to the re-
ward.

In France some of Mr Chenevix’s experiments were
repeated by Morveau, who exhibited several ot his re-
sults before.the National Institute, and affirmed that
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they coincided in general with those of the British che-
mist. But Fourcrey and Vauquelin investigated the
subject farther, and were led to conclude that mercury
does not enter into the composition of palladium.

In Germany the investigation was taken up by Rose
and {Gehlen, and by Richter; but none of these chemists
succeeded in forming palladium artificially. © Neither
were the attempts of Trommsdorf and Klaproth atten-
ded with better success.. My own trials to obtain the
results of Chenevix were nct more fortunate. :

This uniform failure led the generality of chemists

to suspend their judgment, and even to suspect that Mr

Chenevix had allowed himself to be deceived. This
naturally induced him to resume the subject, to exa-
mine with more precision the mutual action of platinum
and mercury, and to ascertain the circumstances upon
which their union depends. These new experiments
were sent to the Royal Society, and read atone of their
meetings in January 1805. The week following Dr
Wollaston read a paper on palladium, vindicating the
conduct of the unknown discoverer, and assigning his
reasons for believing that he had procured it from crude
platina. He finished, by acknowledging that he him-
self was the discoverer; that he had separated it during
a long continued series of experiments on crude platina ;
and that the occurrence of several anomalous circum-
stances had induced him to act as he did, that he might
have leisure to examine and explain the whole of ‘the
phenomena, before he ventured to publish an account
of them in his own name.

This avowal of Dr Wollaston entirely destroyed the
presumption which had induced Chenevix to under-
take his original experiments ; namely, that palladium
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was an artificial alloy, and that the discoverer had frau-~
dulently attempted to impose upon the public. We
now know that it exists in crude platina, and that Dr
Wollaston extracted it from that mineral. Of conse-
quence, since palladium exists in a natural substance,
since no one has succeeded in decomposing it, and since
all other chemists have hitherto failed in forming it ar-
tificially by any of the methods pointed out by Chene~
vix, we are under the necessity of considering it as a
distinct metal. Mr Chenevix indeed still persists in
his original opinion, even since he has been informed of
the real history of the discovery ; but it cannot be ex-
pected that others will embrace his opinion till he suc-
ceeds in pointing out a method by which his experi-
ments may be successfully repeated. At the same time
it is but justice to say, that even if his conclusions
should not be verified to their full extent, still the ex-
periments of this ingenious chemist would be of great
i,mpgr,tance, by leading chemists to examine the mutual
action of the metals on each other, and the compounds
which they are capable .of forming in various circum-
stances ; investigations which may ultimately tend to
diminish the number of simple metals, which seem at
present likely ,tq multiply almost without limit.

I. Dr Wollaston separated palladium from crude pla-
tina by the following process :

Digsolve crude platina in nitro-muriatic acid, and in-
to the solution, previously freed from any excess of a-
cid, drop a quantity of prussiate of mercury*. In a
short time the liquid becomes muddy, and a pale yel-

* A salt to be described in a subsequent part of this Work.
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lowish white matter falls down. This precipitate,
washed, dried, and exposed to a strong heat, leaves a
white matter, which is palladium*. By heating it with
sulphur and borax it may be obtained in the state of a
metallic button, which will bear hammering or rolling.

1. Palladium thus obtained is a white metal, which,
when polished, bears a very close resemblance to pla-
tinum.

2. Tt is rather harder than wrought iron. Iis speci-
fic gravity varies according to the state in which it is
exhibited. When completely fused, Mr Chenevix
found it 11-871; but some of the pieces exposed to sale
were as low as 10:972. Dr Wollaston states it as va-
rying from 113 to 11°8.

3. It seems to be as malleable as platinum 1tself. It
possesses but litile elasticity, breaks with a fibrous frac-
ture, and appears of a crystallized texture.

4. It is not altered by exposure to the air. It re-
quires a very violent heat to fuse it. Mr Chenevix
succeeded in melting it, but was not in possession of the
means of estimating the temperature.

II. When strongly heated its surface assumes a blue
colour ; but by increasing the temperature the original
lustre is again restored. This blue colour is doubtless
a commencement of oxidizement; but neither the pro-
perties of the oxides of this metal, nor the proportion of
oxygen with which it combines, have been ascertained.

When sulphuric acid is boiled upon palladium, it ac-
quires a fine red colour, and dissolves a portion of the
metal. Nitric acid acts rather more powerfully, and
forms with it a beautiful red-coloured solution, Mu-

% Wollaston on the Discovery of Pelladium, Plil. Trans. 1805.
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riatic acid acts upon. it alsoat a boiling heat, and be-
comes of a fine red; but nitro-muriatic acid dissolves
it readily, and with.vielence, without the assistance of
heat, and forms a beautiful red solution. When pot-
ash or lime water is dropt into these solutions, the ox-
ide of palladium is precipitated of a fine orange colour,
not in 2 pure state, but in combination with a portion
of the dissolving acid and the precipitating substances.

111. The effect of hydrogen upon palladinm hasmnot
been tried. Chenevix melted the metal in a charcoal
crucible, but it wasnot in the least altered.

Palladium unites very readily tosulphur. “When it
1s strongly heated, the addition of a little sulphur causes
it to run into fusion immediately, and the sulphuret
continues in a liquid state till it be only obscurely red
hot. - Sulphuret of palladium is rather paler than the
pure metal, and is extremely brittle. By means of heat
and air, the sulphur may be gradually dissipated, and
the metal obtained in a state of purity.

IV. Azote has probably no effect upon it; but mu-
riatic acid promotes its oxidizement, and formsa red so=
lution with the oxide.

V. Mr Chenevix alloyed palladium with various
metals. The following are the results which he ob-
tained. :
1. “ Equal parts of palladium and gold were melted
together in a crucible. The colour of ‘the alloy ob=
tained was grey : its hardness about equal to that of
wrought iron. " ‘It yielded to the hammer; but was
less ductile than each metal separate, and broke by re«
peated percussions. Its fracture was coarse-grained,
and bore marks of crystallization. Its specific gravity
was 11°079.

2. % Equal parts of platinum and pallddiam entered
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inte fusion at a heat not much superior to that which
was capable of fusing palladium alone. In colour and
hardness this alloy resembled the former ; but it was,
rather less malleable. Its specific gravity I found to
be 15-141.

3. “ Palladium zalloyed with an equal weight of sil-
ver, gave a button of the same colour as the preceding
alloys. This was harder than silver, but not so hard
as wrought iron; and its polished surface was some-
what like platina, but whiter. Its specific gravity was
11°290.

4. *“ The alloy of equal parts of palladium and cop-
per was 2 little more yellow than any of the preceding
alloys, and broke more easily. "It was harder.than
wrought iron ; and, by the file, assumed rather'a Tead-
en colour. Specific gravity 10:392.

- 5. % Lead increases the fusibility of palladitm. "An
alloy of these metals, but in unknown proportions, was
of a grey colour, and its fracture was fine-grained. It
was superior to 2all the former in hardness, but was ex-
tremely brittle. T found ‘its specific gravity to be
12-000.

6. ¢ Equal parts of palladium and tin gave a grey-
ish button, inferior in hardness to wronght iron, and
extremely brittle. Its fracture was compact and fine-
grained. Specific gravity 8-175.

7. “ With an equal weight of bismuth, palladium
gave a button still more brittle, and nearly as hard as
steel. Its colour was grey; but when reduced to pow-
der it was much darker. Iis specific gravity I found
to be 12°587.

8. “ Iron, when alloyed with palladium, tends much
to diminish its specific gravity, and renders it brittle.
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‘= ders it extremely brittle ¥.”

SECT. VI.
OF RHODIUM.

"L'uirs metal has been discovered in crude platina by
Dr Wollaston, still more recently than the last. The
knowledge of it has enabled him to account for the
anomalous appearances which perplexed his experiments
on palladinm.
Prepotas I. It may be procured from crude platina by the
tion. following method of Wollaston:
The platina was freed from mercury by exposure to
a red heat, and from gold and other impurities by di-
gestion in a small quantity of dilute nitro-muriatic acid.
It was then treated with dilate nitro-muriatic acid in
2 moderate sand heat, till the acid was saturated, and
the whole was dissolved, except 2 shining black powder,
from which the solution was separated. A solution of
sal ammoniac in hot water was poured into this solu-
tion, in order to separate the platinum; the greatest part

% See Chenevix's Enquiries concerning the Nature of a Metallic Substance
called Palladium, Pbil. Trans, 18033 and Wollaston’s Paper en s New.
Metal found in Crude Platina, Ibid. 1804.; and on the Discovery of Palla-
dium, Ibid, x805. From these all the facts contained in this Scction have
been extracted,
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of which was precipitatéd in the forin of a yellow pow-
der. Into the solution thus freed from its platinum, a
piece of clear zinc was immeérsed, and-allowed to remain
till it ceased to produce any farther effect. By the zinc
a black powder was thrown down; which wds washed
and treated with very dilute nitric acid in a gentle heat,
in order to dissolve some copper and lead with which
it was contaminated. It was then washed and digested
in dilute nitro-muriatic acid till the greater part was
dissolved. To this solution some common salt was
added. The whole was then gently evaporated to dry-
ness, and the residuum washed repeatedly with small
guantities of alcohol till it came off nearly colourless.
By this mieans two metallic oxides are washed off in
combinatior with cosmmon salt, namely, the oxides of
platinum and palladium. There remained behind a
deep red-coloured substance, consisting of the oxide of
rhodium united to common salt. By solution in water
and gradual evaporation, it forms rhomboidal crystals
of a deep red colour, whose acute angles are about 75°.
When these crystals are dissolved in water, and a plate
of zinc immersed in the solution; a black powder pre-

_cipitates ; which being strongly heated with borax be-

comes white, and assumes a metallic lustre. In this
state it is thodium. From Wollaston’s analysis it fol-
lows, tliat crude platina contains about one part in 250
of rhodium.

1. Rhodium thus obtdined is of a white colour: Its
specific gravity seems to exceed 11 somewhat. No de-
gree of heat hitherto applied is#capable of fusing it.
‘We do not know, therefore, whether it be malleable ;
but s it forms malleable alloys with the other metals,

Vol. I. N
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it.is probable that it would not be destitute of mallea-
bility if. it could be fused into a button.

H. This metal does not seem to be oxidized by ex-
posure to air, even though assisted by heat; neither is
it much acted upon by acids: but when the red salt,
consisting of the oxide of rhodium and common salt, is
dissolved in water, potash throws down the metal in the
state of a yellow-coloured oxide.

Neither sal ammoniac nor prussiate of potash occa-
sion any precipitate when dropt into this solution.
This readily distinguishes rhodium from platinum and
palladium.

_The solution of this oxide of rhodium in muriati¢
acid, upon being evaporated, did not crystallize: the
residaum was soluble in alcohol, and of a rose colour.
Sal ammoniac, nitre, or common sali, caused no preci-
pitation from the muriatic solution, but formed triple
salts, which were not soluble in alcohol.

The solution in nitric acid also did not crystallize.
A drop of this solution, being placed upon pure silver,
occasioned no stain. On the surface of mercury a me-
tallic film was precipitated, but did not appear to amal-
gamate.  The metal was also precipitated by copper
and other metals, as might be presumed from the usual
order of their affinities for acids.

[1. Rhodium unites readily with sulphur, and, like
palladium, is rendered fusible by it; so also is it .with
arsenie. ‘The arsenic or sulphur may be expelled by
means of heat; but the metallic button obtained does
not become malleables

IV. The following are the result of the experiments
made by Dr Wollaston to alloy rhodium with ether
roetals.
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| 1. ‘It unites readily with all metals that have been ChﬂP 1V,
tried, excepting mercury; and with gold or silver it s
forms very malleable alloys, that are not oxidated by a
high degree of hedt, but become incrusted with a black
oxide when very slowly cooled.

“ When four parts of ‘gold are uonited with one of
rhodium, altiiough the alloy may assume a rounded
form under the blow-pipe, yet it seems to be more in
the state of an amalgam than in complete fusion.

“ When six parts of gold are alloyed with one of
rhodium, the compound may be perfectly fused, but

e e e —Y LY S ) T
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requires far more heat than fine gold. There is no
. cirenmstance in which rhodium differs more from pla-
tina than in the colour of this alloy, which might be
taken for fine gold by any one who is not very much

accustomed to discriminate the different qualities of gold.
On the contrary, the colour of an alloy containing the
| same proportiou of platina, differs but little from that
,‘ of platina. This was originally observed by Dr Lewis,
¢ The colour was still so dull and pale, that the com-
pound (5 to 1) could scarcely be judged by the eye to
contain any gold*.’ 3

“ I find that palladium resembles platina, in this pro-
perty of destroying the colour of a large quantity: of
gold. When one part of palladium is united to six of
gold, the alloy is nearly white.

¢ When I endeavoured to dissolve an alloy of silver
or of gold with rhodium, the rhodium remained une
touched. by either nitric or nitro~muriatic acids; and
when rhodium had been fused with -arsenic or with

5 * Lewis’s Pbil. Coms p. 526.
N2
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sulphur, or when merely heated by itself, it was re«
duced to the same state of insolubility. But when one
part of rhodium had been fused with three parts of bis-
muth, of copper, or of lead, each of these alloys could
be dissolved completely in a mixture of two parts, by
measure, of muriatic acid with one of nitric. With
the two former metals, the proportion of the acids to
each other seemed not to be of so much consequence as
with lead ; but the lead appeared on another account
preferable, as it was most easily separated when re-
duced to an insoluble muriate by evaporation. The
muriate of rhodium had then the same colour and pro-
perties as when formed from the yellow oxide precipi-
tated from the original salt*.”

SECT. VIIL

OF IRIDIUM.

"Frs metal was discovered by Mr Smithson Tennant
in 18033 but before he communicated the result of his
experiments, a dissertation was published on it by Des-
cotils in the Annales de Chimie, who had made the same
discovery ; and the subject was afterwards prosecuted
more in detail by Vauquelin and Fourcroy.

When crude platina is dissolved in nitro-muriatic

# See Dr Wollaston’s paper above quoted, from which all the facts
contained in this Section have becn extracted,
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weid, especially if the acid be dilute, and only a mode.
rate heat applied, there remains behind a quantity of
black shining powder in small scales, which preceding
chemists had mistaken for black lead. Mr Tennant exa-
mined these scales, found their specific gravity to be 10°7,
znd that they consisted of two unknown metals united
together. The first of these metals he called #ridium,
from the variety of colours which its solutions exhibit;
to the second he gave the name of osmium, from the
peculiar smell by which its oxides are distinguished.

Dr Wollaston discovered, that in crude platina there
exists another substance very similar to the grains of
platina in appearance, but differing altogether in its
properties. It consists of flat white grains, often dis-
tinctly foliated. - They are not soluble in any acid, and
their specific gravity is no less than 19-25, which is
higher than that of any other mineral ; the grains of
platina by the trials of this accurate chemist not ex-
ceeding 17°5. These metallic grains are separated
when the platina is dissolved in nitro-muriatic acid,
Dr Wollaston has ascertained them to be a compound
of iridium and osmium. They are therefore of the
same nature with the black powder examined by Mr
Tennant.

To separate the two metals from each other, the
black powder is to be heated to redness in a silver cru-
sible with its own weight of potash, and kept in that
state for some time. The potash is then to be dissolved
off by water. A solution is obtained of deep orange
colour. The portion of powder that remains undis-
solved is to be digested in muriatic acid. The acid
becomes first blue, then olive green, and lastly deep
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ted. The residual powder which has resisted the
action of these agents, is to be treated alternately with
potash and muriatic acid, till the whole of it is dissol-
ved. By this process two solutions are obtained : first,
the alkaline solution of a deep orange colour, which
consists chiefly of the potash united to the oxide of os-
mium; second, the acid solution of a deep red, which
consists chiefly of the muriatic acid united to the oxide
of iridium. "

I. By evaporating this last solution to dryness, dis-
solwing the residuum in water, and evaporating again,
octahedral crystals are obtained, consisting of muriatic
acid united to oxide of iridinm. These crystals being
dissolved 1n water, give a deep red solution, from
which the iridinm may be precipitated in the state of a
black powder by putting into the liquid a plate of zinc
or iron, or indeed any metal, except gold and platinum.
When heat is applied to this powder it becomes white,
and assumes the metallic lustre.  In this state it is pure
iridium.  The metal may be obtained also. by expo-
sing the octahedral crystals to a strong heat.

It has the appearance of platinum, and seems to re-
sist the actxon of heat at least as strongly as that metal :
for neither the French chemists nor Mr Tennant were
able to fuse it. Vauquelin considers it as brittle, and
as even occasioning the brittleness of platinum ; but as
it has not been obtained in 2 metallic button, and as it
forms malleable alloys with all metals tried, that pro.,
perty does not seem to be sufficiently decided.

It resists the action of all acids, even the nitro-mu-
riatic almost completely ; much more than three hun-
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dred parts being necessary of that acid to dissolve one
of iridium * .

II. The aﬂinity between iridium and oxygen seems
to be very weak ; but like all other metals it unites
with that principle. The phenomena of its solution
in muriatic acid, indicate that it is capable of uniting
with at least two doses of oxygen, and of forming two
oxides.  ‘The first solution is a deep blue.  In that state
it seems to be united to a minimum of oxygen ; by di-
luting the solution with water it becomes green. - By
digesting the blue solution in an open vessel, or by
adding nitric acid, it becomes dark red. - In this
state the metal appears to be united to a maximum of
oxygen.

Most of the metals destroy the colour of these solu-
tions by depriving the iridium of its oxygen, and
throwing it down in the metallic state. The infusion
of galls and the prussiate of potash likewise destroy
the colour, but accasion no precipitate. The alkalies
precipitate the oxide of iridium, but retain 2 portion of
it in solution.

III. The simple combustibles seem to have little ac-
tion on iridium. Mr Tennant did not succeed in his
attempts to unite it with sulphur.

IV, The following are the results of Mr Tennant’s
experiments to alloy iridium§with the metals :

It does not combine with arsenic, Lead easily
unites with it : but is separated by cupellation, leavmg
the iridium upon the cupel as-a coarse black powder.
Copper forms with it a very malleable alloy, which,

* Fourcroy and Vauquelin, Asn, d2 Ghim. ). 22.
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after cupellation with the addition of lead, left a smal)
proportion of the iridium, but much less than in the
former case. Silver may be wunited with it, and the
compound remains perfectly malleable. =~ The iridium
was not separated from it by cupellation, but occasioned
on the surface a dark and tarnished hue. It appeared
not to be perfectly combined with the silver, but merely
diffused through the substance of it in the state of a
fine powder.  Gold alloyed with iridium is not freed
from it by cupellation, nor by quartation with silver,
The compound was malleable,’ and did not differ much
in colour from pure gold ; though the proportion of al-
loy. was very considerable. = If the gold or silver is
dissolved, the iridium is left in the form of a black
powder by

SECT. VIII.

OF OSMIUM.

For the discovery of this very singular metallic sub-
stance, we are indebted to Mr Tennant ; Fourcroy and
Vauquelin, indeed, observed some of its most re-

% The whole of the propettics of iridium described in this Section
have heen taken from Mr Tennant’s paper on Two Metals found in the
Powder remaining after the Solution of Platina, Phil. Trans, 1504. Des-
cotils did not succeed in obtaining it in'a separate state; but he showed
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miarkable properties, but they confounded it with iri.
dinm.

Osmium is separated from iridium by the process
described in the last Section, and obtained in the al-
kaline solution, to which it communicates a yellow
colour. When the alkaline solution is first formed, a
pungent and peculiar smell is perceived, which Four-
croy and Vauquelin compare to that of oxymuriatic
acid. As this smell constitutes one of the most remark-
able properties of the metallic oxide, Mr Tennant was
induced by it to call the metal osmium.

I. To obtain the oxide in a separate state, we have
only to mix sulphuric acid with the alkaline solution,
and distil with a moderate heat. A colourless liquid
comes over, consisting of the oxide dissolved in water.
This liquid hasa sweetish taste and a strong smell. Tt
does not give a red colour to vegetable blues.

The oxide of osmium may be obtained also in a
more concentrated state by distilling the black powder
from crude platina with nitre. With a degree of heat
under redness, there sublimes into the neck of the retort
a fluid apparently oily, but which on cocling concretes
into a solid semi-transparent mass, soluble in water ;
and the solution exhibits the same properties as that
obtained by the preceding process.

' When mercury is shaken in either of these solutions,

that the red colour which the precipitates of platinum sometimes assume,
isowing to the presence of iridium.  See his paper, Ana. dz Chim. xlviii.
153. Fourcroy and Vanquelin confounded together the propertics
of esmium and iridium, ascribing both to onc metal; to which they have
given the name of pienc.  Sce Ann. dz Chim. xlix. 177.and L. 5.
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they lose their peculiar smell; and the osmium, reduced
to the metallic state, forms an amalgam with the mer-,
cury. By distilling the mercury from this amalgam,
the osmium remains in a state of purity.

It has a dark grey or blue colour, and the metallic
lustre.  'When heated in the open air, it evaporates with
the usual smell; but in close vessels, when the oxidize-
ment is prevented, it does not appear in the least vo-
latile. "

When subjected to a strong white heatin a char-
coal crucible, it didnot melt nor undergo any apparent
alteration. ,

It is not acted upon by any acid, not even the nitro-
muriatic, after exposure to heat; but when heated with
potash it combines with that alkali, and forms with it
an orange yellow solution,

II. The facility with which osmium is oxidized
when heated in the open air, or when fused with pot-
ash, though it resists the action of acids, forms one of
the singular characters of this metal. In these respects
osmium differs from all other metallic bodies.

The great volatility of this oxide, its peculiar smell,
its solubility in water, its sweet taste, and the yellow
colour which it 2ssumes with potash, are not less ano-
malous. ;

Its solution stains the skin of a dark colour, which
cannot be effaced. The infusion of galls immediately
produces a purple colour, becoming soon after of a deep
vivid blue. By this means 2 mixture of iridium and
osmium may be easily detected. The solution of iri-
dium is not apparently altered by being mixed with
the oxide of osmium ; but on adding an infusion of
galls, the red colour of the first is instantly taken away,
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appears.

When alcohol or ether is mjxed with the solution of
oxide of osmium in water, the colour becomes dark,
the oxide is reduced, and the osmium precipitates in
black films.

This oxide appears to part with its oxygen to all the
metals excepting gold and platinom. Silver being kept
in a solution of it for some time, acquires a black co-
lour ; but does not entirely deprive it of smell. Cop-
per, tin, zinc, and phosphorus, guickly produce a black
or grey powder, and deprive the solution of all smell,
and of the pawer of turning galls of a blue colour.
“This black powder, which consists of the osmium in a
metallic ‘state and the oxide of the metal employed to
precipitate it, may be dissolved in nitro-muriatic, acid,
and then becomes blue with infusion of galls.

_III. The action of the simple combustibles on os-
‘mium. has not been tried.

1V. Neither do we know much of its combination Alloys.

with metals, It amalgamates with mercury, Heated
with copper and with gold in 2 charcoal crucible, it
melted with each of these metals, forming alloys which
were quite malleable, These compounds were easily
dissolved in nitro-muriatic acid, and, by disullation,
afforded the oxide of osmium with the usual pro-
perties *. i

* All the facts in this Section were ascertained by Mr Tennant. It
wasimpossible to use the experimentsof the French chemists, because they
have confounded iridium and osmium.
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SECT. IX,
OE COPPER.

L Ir we except gold and silver, copper seems to have
been more early known than any other metal. In the
first ages of the world, before the method of working
iron was discovered, copper was the principal ingre-
dient in all domestic utensils and instruments of war.
Even during the Trojan war, as we learn from Homer,
the combatants had no other armour but what was
made of bronze, which is a mixture of copper and tin.
The word copper is derived from the island of Cyprus, .
where it was first discovered, or at least wrought to any
extent, by the Greeks.

1. This metal is of a fine red colour, and has a great
deal of brilliancy. Its taste is styptic and nauseous ;
and the hands, when rubbed for some time on it, ac-
quire 2 peculiar and disagreeable odour.

2. Its hardness is 7°5. Its specific gravity varies
according to its state. Lewis found the specific gravi-
ty of the finest copper he could procure §:830*. Mr
Hatchett found the finest granulated Swedish copper

% Neuman's Chemistry, p. 61. Fahrenheit had found it 8834. PAil.
Trans . 1724. vol, xxxiiis pa 114.

s
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§+895 *. It is probable that the specimens which have
been found of inferior gravity were not quite pure .
Cronstadt states the specific gravity of Japan copper at
9°600. ¢

3. Its malleability is great: it may be hammered out
into leaves so thin as to be blown about by the slight-
est breeze. - Its ductility is also considerable. Its tes
nacity is'such that a copper wire 0°078 inch in diame-
ter is capable of supporting 302°26 Ibs. avoirdupois
without breaking t.

4. When heated to the temperature of 271° Wedge-
wood, or, according to the calculation of Mortimer §,
to 1450° Fahrenheit, it melts; and if the heat be in-

" creased, it evaporates in visible fumes. While in fu-

sion it appears on the surface of a bluish green, nearly
like that of melted gold ||. When allowed to cool
slowly, it assumes a crystalline form. The Abbé Mon-
gez, to whom we owe many valuable experiments on
the crystallization of metals, obtained it in quadran-
gular pyramids, often inserted into one another.

II. Copper is not altered by water : It is incapable
of decomposing it even at a red heat, unless air have
free access to it at the same time ; in that case the sur-

* On the Alleys of Gold, p. 50. It would have been heavier had it
been hammered or rolled. Bergman states the specific gravity of Swes
dish copper at 9'3243. Opuee. ii. 263.

+ The following are the resnlts of Mr Hatchett’s trials:

Finest granulated Swedish copper, 8:895
Do. Swedish dollardo. - - 8799

Do. sheet Britishdo. - - - 885 .
Fine granulated Britishdo. - 8607
{ Sickengen, Ann. d: Chim. xxv. 9. § Phit. Trans. xliv. 6727

# Dr Lewis, Neuman’s Chemistry, p. 61.
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face of the metal becomes oxidized. Every one must
have remarked, that when water is kept in a copper
vessel, a green crust of werdegris, asitis called, is form-
ed on that part of the vessel which is in contact with the
surface of the water.

When copper is exposed to the air, its surface is gra='
dually tarnished ; it becomes brown, and is at Jast co=
vered with a dark green crust. « This crust consists of
oxide of copper combined with carbonic acid gas. At
the common temperature of the air, this oxidizemeat:
of copper goes on but slowly ; but when a plate of me-
tal is heated red hot, it is covered in a few minntes,
with a crust of oxide, which separates spontaneously in
small scales when the plate is allowed to cool. The
copper plate contracts considerably on cooling, but the
crust of oxide contracts but very little ; it is therefore
broken to pieces and thrown off, when the plate con-
tracts underit. Any quantity of this oxide may be ob-
tained by heating a plate of copper and plunging it al-
ternately in cold water.. The scales fall down to the
bottom of the water. When copper is kept heated be-
low redness, its surface gradually assumes beautifully
variegated shades of orange, yellow, and biue. Thin
plates of it are used in this state to ornament children’s
toys. .

‘In a violent heat, or when copper is exposed to a
stream of oxygen and hydrogen gas, the metal takes
fire and burns with great brilliancy, emitting a lively
green light of such intensity that the eye can scarcely
bear the glare. The product is an oxide of copper.

There are two oxides of copper at present known ;
and it does not appear that the metal is capable of be-
ing exhibited in combination with more than two doses
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of oxygen. The protoxide is found native of a red co-
lour, but when formed artificially it is a fine orange ; but
the peroxide is black, thomgh in combination it assumes
various shades of blue, green, and brown.

1. The ptofoxide of copper was first observed by
Proust ; but we are indebted to Mr Chenevix, who
found it native in Cornwall, far the investigation of its
properties. It may be prepared by mixing together
575 parts of black oxide of copper, aud 50 parts of
copper reduced to a fine powder by precipitating it from
muriatic acid by an iron plate. This mixture is to be
triturated in ‘2 mortar, and put with muriatic acid into
a well-stopped phial. Heat is disengaged, and almost
all the copper 1s dissolved. When potash is dropt into
this solution, the oxide of copper is precipitated orange.
But the easiest process is to dissolve any quantity of
copper in muriatic acid by means of heat. The gréen
liquid thus obtained is to be put into a phial, together
with. some pieces of rolled copper; and the whole is to
be corked up closely. The green colour gradually dis-
appears ; the liquid becomes dark brown and opaque;
and a number of dirty white crystals, like grains of
sand, are gradually deposited. When this liquid, or
the crystals, are thrown into a solution of potash, the

-orange coloured oxide precipitates in abundance.

This oxide i1s composed of 885 parts of copper and
11'5 oxygen™®. It attracts oxygen with such avidity,
that it can scarcely be dried without becoming bluish-
green, at least on the surface; but when onee dry, it
retains its colour pretty well.

® Chencvix, Phil. Trans, 1801, p. 227.

207

Chap. 1V.

Protoxide.



208

Book 1.
Division I.
Vot

Peroxide.

Union with
combusti-
bles.

Sulphuret,

w

MALLEABLE METALS.

2. The peroxide of copper is easily procured purd
from the scales which are formed upon the surface of
red hot copper. These scales have a violet red colour,
owing to the presence of a little metulli¢ copper upor
their under surface; but when kept for some time red
hot in an open vessel, they become black, and are then
pure peroxide of copper. T ‘The same oxide may be ob-
tained by dissolving copper in sulphunc or nitric acid,
precipitating by means of potash, and then heating the
precipitate sufficiently to drive off any water which it
may retain.

The peroxide of copper is composed of 80 parts of
copper and 20 of oxygen +. When mixed with some-
what less than its own weight of copper in powder, and
heated to redness, the whole is converted into prot-
oxide.

The oxides of capper are easily reduced to the me-
tallic state when heated along with charcoal, oils, ot
other fatty bodies; and even with some of the metals,
especially zinc.

ITI. Copper has never been combined artificially
with hydrogen or carbon ; but it combines readily with
sulphur and phosphorus, and forms with them com-
pounds called sulpburet and pl:oaplmre’t of copper.

1. When equal parts of sulphur and copper are stra-
tified alternately in a ‘crucible, they melt and combine
at a red heat. Sulphuret of copper, thus obtained, is a
brittle mass, of a black or very deep blue grey coloury,
much more fusible than copper, and composed, accord-
ing to the experiments of Mr Proust, of 78 parts of

* Ann. de Chim, xxxil. 26.
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coppet and 22 of sulphur *. The same compound may Chap.1V.

be formed by mixing copper filings and sulphur toge-
ther, and making them into a paste with water, or even
by merely mixing them together without any water,
and alowing them to remain a sufficient time exposed
to the air, as I have as¢ertained by. experiment.

If eight parts by weight of copper filings, mixed
with three parts of flowers of sulphur, be putinto a
glass receiver, and placed upon burning coals, the mix~
ture first melts, then a kind of explosion takes place;
it becomes red hot; and when taken from the fire, con-
tinues to glow for some time like a live coal. If we
now. examine it, we find it converted into sulpburet of
copper.  This curions experiment was first made by
the associated Dutch chemists, Dieman, Troostwyk,
Nieuwland, Bondt, and Laurenburg, in 1793+. They
found that the combustion succeeds best when the sub-
stances are mixed in the proportions mentioneé&, above ;
that it succeeds equally, however pure and dry the sul-
phur and copper be, and whatever air be present in the
glass vessel, whether common air, or oxygen gas, or
hydrogen, or azotic gas, or even when the receiver is
filled with water or mercury. This experiment has
excited great attention, and has been very often repeat-
ed 5 because it is the only instance known of apparent
combustion without the presence of oxygen. The dif-
ferent atternpts to explain it will be considered in a suce
ceeding chapter.

2. Mr Proust has shown that the sulphuret of cop- Supersul-
per is capable of combining with an additional dose of goin.

* Ann.de Chim, x33%ili 172. + Jour. de Min, No. ii. 85.
ol 1. O
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Divison 1. Sulphur, and of forming a new compound, which may

be called supersulpburet of copper. It is brittle, has 2
yellow colour, and a metallic lustre, and is found nae
tive abundantly, being well known to mineralogists by
. the name of copper pyrites *,

Phosphu- 3. Mr Pelletier formed phosphuret of copper by melt-
e ing together 16 parts of copper, 16 parts of phosphoric
glass, and one part of charcoal . Margraf was the first
person who formed this phosphuret. His method was
to distil phosphorus. and oxide of copper together. It
is formed most easily by projecting phosphorus into
red hot copper. It is of ‘a white colour ; and, accord-
ing to Pelletier, is composed of 20 parts of phosphorus
and 80 of copperi. This phosphuret is harder than
iron. It is not ductile, and yet cannot easily be pulve-
rised. Its specific gravity is 71220. It.crystallizes
in four-sided prisms§. It is much more fusible than
copper. When exposed to the air, it loses its lustre,
becomes black, falls to pieces; the copper is oxidated,
and - the phosphorus converted into phosphoric acid.
‘When heated sufficiently, the phosphorus burns, and

leaves the copper under the form of black scoriz ||.
Sage has shown that this compound does not easily
part with the whole of its phosphorus, though frequent«
ly melted, but retains about a twelfth. In this state it
may be considered as a sub-phosphuret. It is more
fusible than copper, and has the hardness, the grain,

¥ Sour. de Phye il 95, "t Anms de Chim. i, 74.
t Ann. de Chim. xiii. 3. § Sage, Four.de Phys, xxxviiis 468,
{ Fourcroy, vi.252.
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and the colour of steel; and admits of an equally fine
polish *.

IV. Gopper does not unite to azote. Muriatic acid;
when assisted by heat; converts it into an oxi‘de,’ with
which it enters into combination:

V. Copper is capable of t:ombmmg with most of the
metals ; and some of its alloys are of very great uti-
Ligylitine
1. The alloy of gold and copper is easily formed
by ‘melting the two metals together, This alloy is
much used, because copper has the property of increa«
sing the hardness of gold without injuring its colour:
Indeed a little copper heightens the colour of gold with-
out diminishing its ductility. This alloy is‘more fusible
than gold, and is therefore used as a solder for that
precious metal t. Copper increases likewise the hard-
ness of gold. According to Muschenbroeck, the hard-
ness of this alloy is 2 maximum when it is composed
of seven parts of gold and one of coppert: Gold al-
loyed with *th of pure copper by Mr Hatchett, was per-
fectly ductile, and of a fine yellow colour, inclining to
red. Its specific gravity was 17157, This was be-
low the mean. Hence the metals had suffered an ex-
pansion. Their bulk before union was 2732, after
union 2798. So that 9163 of gold and 83} of copper
when united, instead of occupying the space of 1000,
as would happen were there no expansion, become
1024 1.

* Nicholson’s Jour. ix. 268, + Wasserberg, i. 112,
} Hatchet on the Alloys of Gold, p. 66. 'The gold was already al-
Yoyed with 1-g6th of copper ; the expansion, had the gold been pure,
Q2
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Gold coin, sterling or standard gold, consists of pure
gold alloyed with +%;th of some other metal. The metal
used is always either copper or stlver, or a mixture of
both, as is most common in British eoin,. Now it ap-
pears that when gold is made standard by a mixture of
equal weights of silver and copper, that the expansion
is greater than when the copper alone is used, though
the specific gravity of gold alloyed with silver differs
but little from the mean. The specific gravity of gold
alloyed with ;4 th of silver and ,%th of copper was
17°344. The bulk of the metals before combination
was 2700; after it 2767*. We learn from the experi-

wovld have been ‘greater. For the specific gravity of an alloy of 11
gold and one copper, (supposing the specific gravity of gold 19°3, of cop-
per 89), should be by calculation 17:58.  Itsreal specific gravity is only
17°157-

* The first guineas coined were made standard by silver, afterwards
copper was added to make up for the deficiency of the alloy; and as the
proportion of the silver and copper varies, the specific gravity of our gold
coin is various also.

The spccific gravity of gold made standard by silveris . . . . . 17°927

' €Opper . . ... 17157
silver and copper 17°344

The following trials made by Mr Hatchete, will show the specific gra-
vity of our coins in different reigns,

Reign. Date. Specific gravity,
Curarues 1l afive-guinea piece - - 1681 17:825.
James I atwo-guinea piece - - 1687 17634,
Wisriam IT1, a five-guinea picce = - 1701 17°730.
Grorox I.  a quarter-guinea ~ - 1718 16894
Gzorce II, a guinea - - - 1738 17°637.

a two-guinea piece - - 1740 17:848,
Grorge Il. oneguinea , « - = 1763 17737
one guinca T 1766 15°655.
one guinaa = - - - 1774 17.736,

|
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ments of Mr Hatchett that our standard gold suffers less
from friction than pure gold, or gold made standard by
any other metal besides silver and copper; and ‘that
the stamp is not so liable to be obliterated as in pure
g?ld. It therefore answers better for cain. A pound of
standard gold is coined into 44} guineas. :

2. Platinum may be alloyed with copper by fusion,
but a strong heat is necessary. The alloy is ductile,
hard, takes a fine polish, and is not liable to tarnish.
This alloy has been employed with advantage for com-
posing the mirrors of reflecting telescopes. -The pla-
tinum dilutes the colour of the copper very much, and
even destroys it, unless it be used sparingly. For theex-
periments made upon it we are indebted to Dr Lewis *.
Strauss has lately proposed a method of coating copper
vessels with platinum instead of tin ; it consists in rub-
bing an amalgam of platinum over the copper, and then
exposing it to the proper heatt.

Reign. Date, Specific gravity.
Georee 111 one guinea e - 1778 17:698.
—————- onc guinea = - - 1776 17:486.

- one guinea - - - 3777 17°750.

~ one guinea - e - 1782 17202,

- ene yuinea - - - 1786 17°465.

- onc guinea - e . 1788 17°418.
.~ five guineas - - - 1793. 177712,

- ten half-guineas - - 1801 17°750.

- 15 seven-shilling pieces]] - 1802 17793.

Il Supposing guineas, half-guineas, and seven shilling picces, to be made
from the same metal, there is reacon to expect (in a given comparative
sum of each) an inerease -of specific gravity in the smaller coins, asa
natural consequence of rolling, punching, annealing, blanching, milling,
and stamping ; the cffects of which must become more evident in pro-
portion to the number of the small pieces required to form a given sum
of the larger coins.

The average specific gravity of our gold coin, at the present time,
may probably be estimated at 17-7¢4.

¥ Philosopb, Commerce, p. 519. + Nicholson’s Feur. iz, 203.
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3. Silver is easily alloyed with copper by fusion, The

~~— compound is harder and more sonorous than silver, and

retains its white colour ‘even when the proportion of
copper exceeds one-half.  The bardness is 2 maximum
when the copper amounts to one-fifth of the silver. ‘The
standard or sterling silver of Britain, of which coin is
made, is 2’ compound of 12 silver and one copper. - Its
specific gravity after simple fusion is 10°200 *. By cal-
culation it' should be 10-351. Hence it follows that
the alloy expands, as is the case with gold when united
to copper, . The specific gravity of Paris standard sil-
ver, composed of 137 parts silver and seven copper, ac-
cording to Brisson, is 10°1752 ; but by hammering, it
becomes as high as 10°3765.  The French silver coin,
at least during the old government, was not nearly so
fine, being composed of 261 parts of silver and 27 of
copper, or one part of copper alloyed with 9% of:silver.
Ttsspecific gravity, according to Brisson, was 10'04716 ;
but after being coined, it became as high as 10°4077.
The Austrian silver coin, according to Wasserberg,
contains e of coppert. The silver coin of  the.an-

* Cavallo’s Naz. Pbil, ii. 76. Dr Shaw makes it 107535 after ham-
mering, as it appears from his table. Shaw’s Boyl, ii. 345.

t Wasserberg, i 155.  The following table exhibits the composition
of different Eyropean coins, according to my experiments.

Abloy per Weight of Silver,that of
cents the Copper being 1,
British « = = 75 = e e e = - 12
Dutch - - - = 8 - - o « - o 1173
French - = =« = 9 =« - o = « - 101
Austrian = - - = 95 = = < - - - g%
Sardinian - - - 95 - = = - = « oF

10§ = - = = - - 8%

SBpanish - - -
2 Yispoa i S
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cients was nearly pure, and appears not to have been
mixed with alloy. This seems to be the case also with
coins of the East Indies ; atleast a rupee which I ana-
lysed contained only -*; part of copper; a proportion
so small that it can scarcely be supposed to have been
added on purpose. A pound of standard silver is coin~
ed into 62 shillings. '

4. Mercury acts but feebly upon copper, and does not
dissolve it while cold ; but if a small stream of melted
copper be cautiously poured into mercury heated near-
ly to the boiling point, the two metals combine and form
a soft white amalgam *. Boyle pointed out the follow-
ing method, which succeeds very well: triturate to-
gether two parts of mercury, 2% parts of verdigris, and
one part of common salt, with some acetous acid, and
keep them for some time over a moderate fire, stirring
them constantly, and supplying acid as it evaporatess;
then wash the amalgam and pour it into 2 mould ; it
is at first nearly fluid, but in a few hours it crystallizes
and becomes quite solid +. This amalgam may be form-
ed also by keeping plates of copper in a solution of mer-

Alloy per Weight of Silver, that of
cents tbe Copper beixg 1.
Portuguese~ = - II - = = = - - 8
Danish - = - - 12 R T = L
Swiss - - < - ar Y SO e SUTOIVE 108
Russian = - = = 24 " = =2/= = <2 . 36
Hamburgh- - = 50 = =« = - = = 1

The first column of this Table gives the supposed proportion of alloy
in 100 parts of the respective coin; the second gives the weight of siiver
contained in each coin, on the supposition that the weight of the copper
with which the silver is alloyed is alwiys 1. Nicholson’s Jour.xiv. 409.

# Lewis, Nexman's Chem. p. 65 + Shaw’s Boyle, 1. 343-
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cury in nitric acid. The plate is soon impregnated with
mercury. The amalgam of copper is of a white colour,
and so soft at first that it takes the most delicate im-
pressions ; but it soon becomes harder when exposed to
the air. It is easily decomposed by heat ; the mercury
evaporates, and leaves the copper.

5. All that is known respecting the combination of
copper with palladium, rhodium, iridium, and osmium,
has been mentioned in the preceding Sections.

SECT. X.

OF IRON.

. IRON, the most abundant and most useful of all the
metals, was neither known so early, nor wrought so
easlly, as gold, silver, and copper. For its discovery we
must have recourse to the nations of the East, among
whom, indeed, almost ‘all the arts and sciences first
sprung up. The writings of Moses (who was born a-
bout 1635 years before Christ) furnish us with the am-
plest proof at how early a period it was known in
Egypt and Pheenicia. He mentions furnaces for work-
ing iron*, ores from which it was extractedt; and
tells us, that swords i, kmves §, axes |, and tools for cut-
ting stones 4], were then made of that metal. How
many ages before the birth of Moses iron must have

% Deut. iv. 20, + Ibid. viii. 9. 1 Numb, xxxv. 16,
§ Levit.i. 17, Il Deut. xviii. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>