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PREFACE. 

SEVERAL circumstances, which it is unneces- 
sary to state to the ptiplic, 	have retarded the 
appearance of this Edition much longer than was 
expected or wished for by ti;e Author. Meanwhile 
the Science of Chemistry has;:liben advancing with 
Unprecedented rapidity ; and" in consequence of 
the introduction of the aton`iic theory and the 
improvements in analytical precision, which were 
the natural consequences of that introduction, -it 
has assumed a regularity and simpliCity that could 
hardly have been anticipated. 	This revolution, 
together with .the great number of new ideas and 
new names that have been introduced, in conse. 
quence of Davy's new views respecting the nature 
of chlorine and muriatic acid, of the discovery of 
iodine, and of the knowledge of cyanogen and its 0 
compounds by the sagacity of Gay-Lussac, had 

. thrown a certain degree of obscurity over the 
science, and 'had given it that unsettled 	and 
fluctuating appearance, which is apt to discourage 
those who are commencing, the study. , 	• 
. I thought it necessary, in consequence of tnese 
great changes and improvements, to new model 

   
  



vii 	 PREFACE. 

this Edition entirely. 	Indeed almost the who-1'e-
of the First Two Volumes, which contain- the 
elementary part of the science, has been written 
anew. 	I have been at great pains to in ,roduce 
every new fact, as far as I was acquainted with it, 
and to present the science to my readers in its 
most recent state. 	The work-1-.as passed so ra- 
pidly through the press, that it has been unneces-
sary to add any appendix whatever, no facts of 
sufficient importance, of Which I was ignorant 
when we began to prir;c, having come to my know-
ledge since, except-  such as I was able to intro= 
duce at least nearly into their proper places. *This 
the thorina of Berzelius was unknown to me when 
the chapter on simple combustibles in the First 
Volume was printing ; but I was still able to place 

• it at the end of that chapter. 	.:11forphia of Ser- 
turner was unknown to me while treating of the 
alkalies; but I have been able at least to place it 
among the vegetable principles ; where it must 
always continue to figure. . 

Considerable difference 	of opinion exists 	at 
p'esent respecting the nomenclature of the nu-
merous class of new substances that have been 
lately introduced into Chemistry.' , .Sir Humphry 
Davy has invented a' nomenclature of his own ; 
but I am not aware that he has obtained hitherto 
any, followers in this country ; 	unless Dr. Davy • 
and Mr. Brande constitute exceptions to the ob- 
servation. 	Professor Berzelius, of Stockholm, has 

   
  



_PREFACE. 	 ix 

i gven another nomenclature• to the public ; and 
he seems to be followed by the Swedish chemists; 
iind aqew of his terms appear to have made their i 
.way ointo Germany. 	A third nomenclature • has 
been contrived by M. Gay-Lussac, and it would 
appear that it has been adopted by the greater 
number, if not the whole, of the French chemists. 
The names, whictil,have adopted, are all exactly 
conformable to the law,), laid down by Lavoisier 
and his associates, when, they published the new 
chemical nomenclature. ''' They merely constitute 
an extension of that nomenclature, and seem to 
apply so happily to the present state of the science, 
that I entertain sanguine hopes that they will be 
found to suit not merely the English language, 
but that they will be easily intelligible to scientific.  
chemists in every country of Europe. 

Concerning the 	arrangement 	which 	I have 
adopted, it appears. unnecessary to say much. 	It 
is merely an improvement of the arrangement fol-
lowed in the preceding Editions of this Work. 
And it appears to me to be better adapted to 
convey a clear idea of the present state of dip 
science in all its beariii'gs to the tyro, who is just 
commencing the study of Chemistry, than any 
other that I have yet seen. 

Mistakes and defects, the consequence of want 
of sufficient information, May no doubt still. be 

VOL. I. 
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detected in this Edition ; but I trust that tile-- 
reader will give me credit'when I' assure "him that 
they are wholly involuntary ; and that i either 
expense 'nor pains were spared. 
much as possible. 

to avoid awn as 

LONDON, 
October 1, 1817. 
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F. 

SYSTEM 
OF 

CHEMISTRY. 
..., 

As soon as man begins to whink and to reason, the dif- Introduc-
ferent objects which surround -,kim on all sides naturally ti°n• 
engage his attention. 	He carn.,,ov fail to be struck with fl.-.'"1-1  
their number, diversity, and beacty ; 'and naturally feels a 
desire to be better acquainted with ,heir properties and uses. 
If he reflect also that he himself is altogether dependent Study of 
upon these objects, not merely for his pleasures and corn- an ture. 

forts, but for his very existence; this desire must become 
irresistible. 	Hence that curiosity, 	that eager thirst for 
knowledge, 	which animates and distinguishes generous 
minds. 

Natural objects present themselves to our view in two Divided
his 

 
different ways; for we may consider them either as separate andscience.

m, 
individuals, or as connected together .and depending on 
each other. 	In the first case we contemplate nature as in 
a state of rest, and consider objects merely as they resemble 
one another, or as they differ from one another: in the 
second we examine the mutual action of substances on each 
other, and the changes praluced by that action. 	The first 
of these views of objects is distinguished by the name of 
Natural History; the second, by that of Science. 

Natural science then is an account of the events which Science, 
take place in,  the material world. 	But every event, or, 
which is the same thing, every change in bodies, indicates 
motion; for we . cannot conceive change, unless at the same 
time we suppose motion. Science then is in fact an account 
of the different motions to which bodies are subjected, in 
eonsequetice of their mutual.action on each other. 

VOL. I. , 	 B 

   
  



2 	 INTRODUCTION. 

Introduc- Now bodies vary exceedingly in their distances from. €ach 
riots. 
4.........v.......) other. 	Some,as the planets, are separated by inpriy mil- 
Of two 'lions of miles; while others, as the particles of which water 
kinds, viz. is composed, are so near each other, that we ca mot, 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 mea-
sure at least upon their distance from each other; 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 admit of measure- 

. ment. 	But when the dista7;ce between two bodies is tJo 
small to be perceptible by our senses, it is evident that no 
change in that distance, t,:an be perceptible; 	and conse- 
quently every relative r,totion 	in such bodies must be 
insensible.  

Mechani- Science, therefore, 4aturally divides itself into two great 
cal philo- 
sophy, and branches : the first, comprehending all those natural events 
chemistry. 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 Bri-
tain by the name of Natural Philosophy, and of late by the 
more proper appellation of Mechanical Philosophy. 	The 
second is known by the name of Chemistry.  

Definition CHEMISTRY, then, is that science which treats of those 
of chemis- 
try. events or changes in natural bodies, which are not accom-

panied by sensible motions. 
Its import- Chemical events are equally numerous and 	fully as 
&rice. important as those which belong to Mechanical Philosophy; 

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 greatest interest. 
Chemistry, therefore, is highly worthy of our attention, 
not merely for its own sake, because it ir.creases our know-
ledge, and gives us the noblest display of the wisdom and 
goodness of the author of nature; but because it adds to 
our resources by extending our dominion over the materiaL 
world; and is therefore calculated to promote our enjok- - 
ment and increase our power. 

As a science, it is intimately connected wil all the 

   
  



INTRODUCTION. 
	 3 

e 	ena of nature; the causes 'of rain, snow, hail, dew, pfi -i,\-mp Introduc- 
wind, \\Iarthquakes, even the changes of the seasons, can 
never tre explored with any chance of success while we are 
ignorari! of chemistry ; and the vegetation of plants and 
some•of the most important functions of animals, have 
receivel 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 every where the most astonishing effects produced by the 
most simple, though adequate means; and displays to our 
view .the great care which has every where been taken to 
secure the Comfort and happiness of every living creature. 

ti°' 

-Xs an art, it is intimately connected with all our manufac- 
tures. 	The glass blower, the'potter, the smith, and every 
other worker in metals, the tanner, the soap maker, the 
dyer, the bleacher, are really practical chemists; and the 
most essential improvements have,b&,m introduced into all 
these • arts by the progress which chemistry has made as a 
science. 	Agriculture can only be, improved by calling in 
the assisfance - of chemistry : 	and the advantages which 
medicine has •derived from the same source 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 
phildrophyin its most extensive sense. 	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 great import-
ance attached by the ancients to the art of working metals. 

Origin. 

The founders and improvers of it were considered as the 
greatest 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,  
her of the Gods. 	' 

How long the word chemistry retained this new significa-
tion it is impossible to say; but in the third century we 
find it used in a much more limited sense, signifying the 
art of making gold and silver. 	The cause of this new limi- 
tation, and the origin of the opinion that gold can be mask 
iii"art, are equally unknown. 	Chemistry, in this new 

OurgE, nglish word physician has undergone a similar change. 
, 	 S 2 

   
  



INTRODUCTION. 

Introduc- sense, seems to have been cultivated with considciiilile 
tion. ...—v  _.) eagerness in Egypt and Greece; to have passed frgm the 

Greeks to the Arabians, and by the followers of the'Caliphs 
to have been introduced into the west of Europe.° Those 
who professed it gradually assumed the form of a sect under. 

The alchr 
mists. the name of ALCHYMISTS ; a term which is supposed to be 

merely the word chemist with the Arabian article al pre-
fixed: 

The alchymists laid it down as a principle, that the sub-
stances which compose gold exist in all metals, contami-
nated indeed with various impurities, but capable, by a 
proper purification, of being brought to a-Perfect state. 
The great object of their researches was to find out . the 
means of producing this change, and, consequently, of cols- 
verting the baser metals into gold. 	The substance which 
possessed this wonderfuoperty they called lapis philoso-
phorum, " the philosoliheis' stone;" and many of them 
boasted that they were in possession of that grand instru- 

. went. 	 .. 
Their opi- 
nions. 

Chemistry, as the term was used by the alchymists, 
signified the art of making the philosophers' stone. 	They 
affirmed that this art was above 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 them- 
selves adepti, " adepts ;" that is, 	persons who had got 
possession of the secret : this secret they pretended that 
they were not at liberty to reveal; affirming that dire mis-
fortune would fall upon that man's head who ventured to 
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 con- 
cealed, with the greatest care, their opinions, their know- 

' I am indebted for the following etymology to' my friend, the Rev. 
Mr. Holrne, of St. Peter's, Cambridge, who was supplied with it by the 
Rev. Mr. Palmer, Professor of Arabic in that University. 	" AL-CIIEMY, 
or more properly AL-KEMY, the knowledge pile substance or composition 
9f bodies, so named from the substantive usoLAS, (Kiyaiuon), thai is, 

the substance or constitution of any thing, from the root uz, U (Kama). 
See Golius Lexicon." 
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ledg,, and their pursuits. 	In their communications with in 	A tro..uc. 
each 	 Sher, 	they adopted a mystical and metaphorical tion- oz\.

1t 
 

langue ' , and employed peculiar figures and signs that','' 
their whitings might be understood by the adepts only, and 
might be unintelligible to common readers. 	Notwithstand-
ing 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 hatl proceeded among the ancients, or 

yvhetherit had even assumed the form of a sect, cannot be 
kiseertained. 	Traces of it appear among the Arabians, who 
turned their 'attention to literature soon after the conquest§ 
of the Caliphs, and who communicated to our barbarou§ 
ancestors the sacred seeds 	of --r..nience. 	The 	principal 
chemical writers• among the Arabiziris„.  were Geber and 
Avicenna; and in their writings, at least such of them as I 
have had an opportunity of pertring, there appears but 
little of.that mysticism and enigma which afterwards assumed 
a systematic form. 

The alchymists seem to have been . established in the 
west of Europe so early, .at least, as the 10th century. 
Between 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 in their style' and abilities, 	Some of their 
books are nearly unintelligible, and bear a stronger resem-
blance to the reveries of madmen than to the sober investi- 
gations of philosophers. 	Others, if we make allowance for 
their 	metaphorical 	style, are written with comparative 
plainness, display considerable acuteness, and indicate a 
pretty extensive acquaintance with natural objects. 	They 
often reason with great precision, though generally from 
mistaken principles; and it is frequently easy enough to see 
the accuracy of their experiments, and even to trace the 
particular circumstance which led to their wrong conclu-
sions. 
. ;The principal alchymists who flourished during the dark 
ages, and whose names deserve to be recorded, either on 
account o 	their discoveries, 	or of the influence which 
their writrigs and example had in determining the public 

A . 	 6 

   
  



6 INTRODUCTION. 
lntroduc- taste, were Albertus Magnus, Roger Bacon, Arnoldde 
tion. Villa Nova, Raymond Lully, and the two Isaacs c: Hol- ... land.* 
And writ- The writings of the greater number of althymisti' are re- 
1ngs. markable for nothing but obscurity and absurdity. 	They 

all boast that they are in possession of the philosophers' 
stone; they all profess to communicate the method of 
making it; but their language is enigmatical, that they may 
be understood by those adepts only who, are favoured with 
illumination from heaven. 	Their writings in those be-. 
flighted ages of ignorance gained implicit credit; and the 
covetous were filled with the ridiculous desire of enrich-
ing themselves by means of the discoveries which they pre-', 
tended to communicate. 	This laid the unwary open to tile 
tricks of a set of impostors, who went about the world 
affirming that they, were 16 possession of the philosophers' 
stone, and offering to ,:ommunicate it to others for a suit- 
able reward. 	Thus they contrived to get possession of a 
sum of money; and afterwards they either made off with 
their -booty, or tired oqt the patience of their pupils by 
tedious, expensive, and ruinous processes. 	It was against. 
these men that Erasmus and Ben Johnson directed their 
well known satires, entitled " The Alchymist." 	The tricks 
of these impostors gradually exasperated mankind against 
the whole fraternity 	of alchymists. 	Books appeared 

• Albertus Magnus was a German ecclesiastic. 	He was born in the 
year 1205, and died in 1280. 	His works are numerous; but the most:  
curious of them is his tract entitled De Akhimia, which contains a dis-
tinct view of the state of chemistry in the 13th century. 
• Roger Bacon was born in the county of Somerset, in England, in 1224. 
His merit is too well known to require any panegyric. 	The greater num- 
ber of his chemical writings are studiously obscure; but he generally 
furnishes us with a key for their explanation. 	Some of them exhibit a 
wonderfully enlightened mipd for the age in which he wrote: his tract De 
Mirabiti Potestate Artis et Waturee would have done 'honour to Lord 
Bacon himself. 

	
, 

Arnoldtis de Villa Nova is believed to have been born in Provence, about 
the year 124Q. 	his reputation was very high; but all of his writings 
that I have examined are so obscure as to be generally unintelligible. 

Raymond Lully was born at Barcelona, in 1235. 	His writings are 
fully as obicure as those of Arnold. 
' It is not known at what period the Isaacs of Holland lived, though it 

is supposed to have been in the 13th century. 	Their writi igs are par. 
fectly plain. 
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 i„-,ct them in all quarters, which the art of printing, just 

1 

Introduc- 
invent0, enabled the authors to spread with facility; the 
wits ofr the age directed against them the shafts of their 
ridicule-; men of science endeavoured to point out the 
infinite difficulty, if not the impracticability of the art; 
men of learning showed that it had never been understood; 
and men in authority endeavoured, by laws and punish, 
ments, to guard their subjects from the talons of alchy-
mistical impostors. 

tic'n• 

Chemists had for ages hinted at the importance of dis- universal 
covering a universal remedy, which should be capable of 
curing, and even of preventing, all diseases; and several of 
ahem had asserted that this remedy was to be found in the 
philosophers' stone; which not only converted baser metals 
into gold, but possessed also the most sovereign virtue, was 
capable of curing all diseases it, an instant, and even of 
prolonging life to an indefinite length, and of conferring on 
the adepts the gift of immortality on earth. 	This notion 
gradually gained ground; and thetword chemistry, in con-
sequence, at length acquired a more extensive signification, 
and implied not only the art of making gold, but the art 
also of preparing the universal medicine.* 

Medicine.  

Just about the time that the first of these branches was 
falling into discredit, the second, and with it the study of 
chemistry, acquired an unparalleled degree of celebrity, 
and attracted the attention of all Europe. 	This was owing 
to the appearance of 'Theophrastus Paracelsus. 	This ex- 
traordinary man, who was born in 1198, near Zurich in 
Switzerland, was, in the $1th year of his age, 	after a 
number of whimsical adventures, 	which had raised his 
reputation to a 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 

, 
• The first man who 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 Triumphalis An- 

' ....:...1;nii is the most famous of his treatises. 	In it he celebrates the virtues 
of antimonial medicines, of which he was the original discoverer. 	It was 
written in Berman; but there is an elegant Latin translation by Kirk. 
ringius. 
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Introduc- 	and debauchery, died at Salzburg, in the 47th year rzi " hit 
tion. age. 	 i ......se....)  

The character -of this extraordinary man is Up!' iersally. 
known. 	That he was an impostor, and boasted oi• secret* 
which he did not poSsess, cannot be denied; that he 'stele 
many opinions and even facts from others, is equally true:. 
his arrogance was unsupportable, his bombast ridiculous,: 
and his whole life a continued 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 contributed 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 observers of 
nature, to that chair from which they ought never to haver 
risen. 	He certainly gave chemistry an eclat which it did- 
not before possess ; and this must hive induced many of' 
those laborious men who succeeded him to turn their at-; 
tention to the science. 	Nor ought we to forget that by car-. 
ryina his speculations concerning the philosophers' stone 
and °the Universal Medicine to the utmost height of absur-
dity, and by exemplifying in his own person their empti-. 
ness and uselessness, he undoubtedly contributed pore: 
than any man to their disgrace and subsequent banishment 
from the science. 

Van Helmont, who was born in '1577, may be considered 
as the last of the alchymists. 	His death completed the 
disgrace of the Universal Medicine. 	His contemporaries,'*' 
and those who immediately succeeded him, if we except 
Crollius and a few other blind admirers of Paracelsus, 
attended only to the improvement of chemistry. . The chief' 
of them were Agricola, l3eguin, Glaser, Erkern, Glauber, 
Kunkel, Boyle, &c. 

The foundations of the alchythistical system being thus 

* I do not mean that he was the only alchymist of his time; but the 
only man of eminence who published on the subject. 	Mr. William 
Oughtred the mathematician, for example, was an alchymist. 	He used 
to talk much of the maiden earth for the philosophers' stone. 	it was 
made of the harshest clear water that he could get, which he let stand to 
petrify, and evaporated by simmering. 	" His son Ben," says l';'-. 
.Aubrey, " tended his furnaces. 	lie told me that his father would 
sometimes say that he could make the, wine." 	ilubrey'A Lives of 
Eminent Men. 	Vol. ii. p. 474. 
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shalie, the facts which had been ascertained soon became Tutroduc- 
a heap ,f rubbish, and chemistry was:left without any fixedli°n• 
principlA and destitute Of an object. • It was then that a Origin of 
man appeared passionately- devoted to the study, 	and chemistry 
thorodghly acquainted with all the facts; who, by. a happy 
hypothesis, connected them altogether, pointed• out the 
proper objects of chemistry, and demonstraled' the im- 
portant. purposes to which it might be applied. 	This man' 
was BECCHER. 	He accomplished the arduous task in his' 

asascienccl 

Physica Subterranea, printed at Francfort in 1669. 	-The 
publication of this book forms a very important era in the' 
history of chemistry. 	It then escaped for ever from the 
trammels :of alehymy, and became the rudiments of the 
science which we End it at present. 

Ernest. Stahl, the 	editor of the Ph!/sica Subter.rane$ 
adopted, soon after Beccher's 'death, the theory of his 
master;  but he simplified' it and imp 'wed it so much, that 
be Made it entirely his own : and accordingly it has been 
ever since distinguished by the name of the Stalin= theory 

Ever 'since the dayS of Stahl, chemistry has been culti- Itsprogress. 
Vital, with ardour in Germany and the north; and the 
illustrious philosophers:  of these countries have c'ontributed' 
highly . towards its progreis, • and its • rapid improvement.. 
The most deservedly celebrated of these Are, kargrAfg 
Bergman, Scheele, Klaproth,' BUcholz, Berzelitis, &c: • 

In.  France, soon after the establishment' of the Academy 
of Sciences, in 1666, Ilomberg, Lemery; itnd Geoffrey, Ac-
quired Celebrity by their chemical experiments and did-.  
coveries ; and after the new modelling of the academy, Che-
mistry became the peCuliar object of a part of that ilrus- 
trions body. 	Rouelle, who was made Professor of Che-
mistry in Paris about the year 1745, contrived to infuse his 
own enthusiasm into the whole body of French 'literary 
men ; and from that moment chemistry became the fashion. 
able study. 	Men of eminence arose every where, dis-
coveries multiplied, the spirit pervaded the whole nation, 
extended itself over Italy, and appeared even in Spain. 
But the most eminent among the French chemists was 
T,,nyoisier, who fell a victim to the fury of the Revolution, 
and died on the scaffold in the year 1794. 

After th death of Boyle and of some other of the earlier 
members ifrc  the Royal Society, little attention was paid to 
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Introdi c. chemistry in Britain, except by a small number of ;" lifiVi-. 
tion. duals. 	The spirit which Newton had infused for rie ma- 

thematical science was so great, that it drew witnirtheir 
vortex almost every man of eminence in Britain. 	But 

. when Dr. Cullen became Professor of Chemistry in Edin-
burgh, in 1756, he kindled a flame of enthusiasm among 
the - students, which was soon spread. far and wide by the 
subsequent discoveries of Black, Cavendish, and Priestley ; • 
and meeting . with the kindred fires which were already 
burning in France, Germany, 	Sweden, and Italy, the 
science of chemistry burst forth at once with unexampled 
lustre. Hence, the rapid progress which it has made during 
the last 50 years, the universal attention which it has ex-
cited, and the unexpected light which it has thrown on se• 
veral of the most important arts and manufactures. 

And pre- a  The object of this work is to exhibit as complete a view' 
sent state. as possible of the present state of chemistry; and to trace 

at the same :time its gradual progress from its first rude,  
dawnings, as a science-to the improved state which it has,  
now attained. 	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 respect to which the illustrious improvers of 
it are justly entitled. 

A complete account of the present state of chemistry 
must include not merely a detail of the science of chemistry 
strictly so called, but likewise the application of that science 
to substances as they exist in nature, 	constituting the 
mineral, vegetable,., and animal kingdom. 	This work)  
therefore, will be divided into two parts. 	The first wilt 
comprehend THE SCIENCE OF CHEMISTRY properly so called, 
the second will consist of A CHEMICAL. EXAMINATION OF 
NATURE. 
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PART I. 

PRINCIPLES OF CHEMISTRY. 

4 

THE object of chemistry is to ascertain the ingredients Object pi  
-of which bodies are composed ; to examine the compounds Chemistry. 
i.-,rmed: by the combination of these ingredients, and to in-
vestigate the nature 'of the power which produces these 
combinations. 

The science. therefore naturally clivides itself into three 
parts :-I. A description of the comp6..;,----.t.parts of bodies, 
or of simple substances as they are called. 	. A descrip- 
tion of the compound bodies formal by the union of 'simple 
substances. 	3. An account of the nature of the power 
which produces these combinations. 	This power is known 
in chemistry by the name of Affinity. 	These three pars 
ticnlarS will form the subject. of the three following books. 

BOOK I. 
OF SIMPLE SUBSTANCES. 

BY simple substances is not meant what the ancient phi- 	Boot I. 
`—v---!) losophers' called elements of bodies, or particles of matter 

incapable of farther diminInion or division. 	They signify 	Definition. 
merely bodies which have not been decompounded, and. 
which no phenomenon, hitherto observed, indicate to be 
compounds. 	Veily 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. 	Where we 
acquainted with all the elements of bodies, and with all the .. 	• 
combinations of which these elements are capable, 	the 
science of nchemistry would be perfect. 	But at present this. 
is very fah from being the case. 
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Book 1. 
.,- The simple substances at present known amo1v 	to 

Division I' about 50, and naturally divide themselves into two tlassee-. 
Div
1/4..... 

ision.
v....d 

Those which belong to the first class are of todeghbtle a 
nature to be confined in any of the vessels which we pos- 
sess. 	They cannot therefore be exhibited in a separate 
state, and their existence is merely inferred from certain 
phenomena, exhibited by the second class of bodies in pe- 
culiar circumstances. 	They do not sensibly affect the most 
delicate balance, and therefore have received the name of 
imponderable bodies. 	The second class of bodies may be 
confined in proper vessels, may be exhibited in a separate 
state, their weight and other properties may be determined. 
They have received the name of ponderable bodies. 	It will 
be exceedingly convenient to consider these two classes se- 
parately.. 	We shall place the imponderable bodies first, be- 
cause during the account of them we shall have an oppor-
tunity of introducipirAieveral general facts and doctrines 
which will serve to elucidate the other departments of che--
mistry. 

DIVISION I. 
OF IMPONDERABLE BODIES. 

Number. THE imponderable bodies at present supposed to exist 
are four in number; namely, light, heat, electricity, and 
magnetism. 	The first three of these are intimately con- 
nected with chemistry, and appear to be the agents in 
many of the most important phenomena connected with 
the science. 	But as magnetism has no known connection 
with chemistry, it cannot with propriety claim a place in;  
this work. 

CHAP. I. 

OF LIGHT. 

EVERY person is acquainted with the light of the sun, the 
light of a candle, and other burning bodies ; and every one 
knows that it is by means of light that bodies are rendered 
visible. 
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_ .. 
Uy:Icerning the nature of this light, .two different theories Chap. I. 

have bcqn advanced by philosophers. 	Huygens considered 
it a.E.4-11:itle fluid filling space, and rendering bodies visible Name  re  

light. 
by the undulations into which it is thrown. 	According to 
his theory, when the sun rises it agitates this fluid, the un-
dulations gradually extend themselves, and at last, striking 
against our eye, we see the sun. 	This opinion of Huygens 
was adopted also by Euler, who exhausted the whole of his 
consummate mathematical skill in its defence. 

The rest of philosophers, with Newton at their head, con-
sider light as a substance consisting of small particles con-
stantly separating from luminous bodies, moving in straight 
'ines, and rendering bodies luminous by passing from them 
and entering the eye. 	Newton endeavoured to establish 
this theory on the firm basis of mathematical demonstration; 
by showing that all the phenomena of light may be mathe- 
matically deduced from it. 	Huygens and Euler, on the 
contrary, attempted to support their hypotheses, rather by 
starting objections to the theory of (Newton, than by bring- 
ing forward direct proofs. 	Their objections, even if valid, 
instead of establishing their own opinions, would prove 
only that the phenomena of light are not completely un-
derstood ; a truth which no man will refuse to acknowledge, 
whatever side of the question he adopts. 	Newton and his 
disciples, on, the contrary, have endeavoured to show, that 
the known phenomena of light are inconsistent with the un-
dulations of a fluid, and that on such a supposition there 
can be no such thing as darkness at all. 	They have also 
brought forward a great number of direct arguments, which 
it has been impossible to answer, in support of their theory. 
The Newtonian theory therefore is much more probable 
than the other. 	But without attempting to canvass the 
merits of these different hyPotheses, let us proceed to state 
the properties of light. 	. 

1. It was first demonstrated by Roemer,* a Danish phi- 
losopher, that light takes about eight minutes in moving 
across one half of the earth's orbit; consequently it moves 
at the rate of nearly 200,000 miles in a second. 	The dis- 
covery of Roemer has been still farther confirmed and du- 

Its velocity:. 

* Phil. Trans.. ail. 83. 
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IMPONDBRABLr BODIES: 

Book I. cidated by Dr. Bradley's very ingenious theory of thnitiber- 
Division I. 
%—..v........# ration of the light of the fixed stars.* 	 .i 
Refraction. 2. While a ray of light is passing through 1);ie..ame 

medium, 	or when 	it passes perpendicularly from one 
medium to another, it continues to move without chdnging 
its direction ; but when it passes obliquely from onelnediura 
to another of a different density, it always bends a little 
fiom its old direction, and assumes a new one. 	It is then 
said to be refracted. When it passes into , denser medium,. 
it is refracted towards the perpendicular ; but when it passes 
into a rarer medium, it is retracted from the perpendicular: 
In general, the quantity of refraction is proportional to the 
density of the medium; but if the -medium be combustible 
the refraction is greater than it would otherwise be.f 	In 
the same medium the sines of the angles of incidence and 
of refraction have always the same ratio to each other. 

It has been the general opinion of philosophers since the 
days of Newton, 	that the refractive power of the same 
body•in different stateais proportional to its density. 	But 
M. M. Arago and Petit have lately shown by a set of ex-
periments, that when a liquid body is converted into vapour, 
its refractive power diminishes at a greater rate than its 
density. 	Thus the refractive power of sulphuret of carbon, 
while liqUid, when compared to that of air, is a little greater 
than 3; while that of the same substance in the state of 
vapour, being likewise referred to air, does not surpass 2. 
The liquids tried by these philosophers were sulphuret of 
carbon, sulphuric ether, and muriatic ether.$ 	This newly 
discovered fact constitutes one of the strongest objections 
to the Newtonian theory of light that has yet been ad-
vanced. 

Reflection. 3. When a ray of light enters a transparent medium, 
as a plate of glass, with a certain obliquity, it continues to 
move on till it comes to the opposite surface of the glass; 
but then, instead of passing through the .glass, it bends, 
and passes out again at the same surface at which it en- 

. 
* Phil. Trans. xxxv. 637, and xlv. 1. 
t It was the knowledge of this law that led Newton to suspect the 

diamond to be combustible, and water to contain a combustible .&n 
client.—Optics, p. 72. 

t Ann. de Chimie et Physique, i. I. 
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terei.i-• just as a ball would do if made to strike obliquely Chap. 1. 
_against the floor. 	The ray is then -said to be reflected. '---Thr-1  
Th'4,--asire of reflection is always equal to the angle of inci- 
dence. 	When the surface of a medium is polished, as 
glass br mirrors, oblique rays do not enter them at-all, -but 
are reflected when they approach the surface of the body. 
All surfaces are capable of reflecting a greater or smaller 
number of oblique rays. Rays are only reflected at surfaces. 

Newton has explained these phenomena by supposing an 
attraction to exist between light and the medium through 
wbich it is moving, the medium towards which it is ap-
proaching, or the bodies in its neighbourhood. 
' 	4. Some substances, as water, are transparent, or allow Opacity. 

to pass freely through them ; other, as iron, are opaque, 
or allow no light to pass through them. 	Now, it can 
scarcely be doubted that the component particles of all 
bodies are far enough distant from each other to allow the 
free transmission of light; consequently opacity and trans-
parency must depend, not upon the distance of the parti- 
cles of bodies, but upon something else. 	Newton has 
shown, that transparency can only be explained by sup-
posing the particles of transparent bodies uniformly ar- 
ranged and of equal density. 	When a ray of light enters 
such a body, being attracted equally in every direction, it 
is in the same state as if it were not attracted at all, and 
therefore passes through the body without obstruction. 	In 
opaque bodies, on the contrary, the particles are either not 
uniformly arranged, or they are of unequal density. Hence 
the ray is unequally attracted, obliged constantly to change 
its direction, and cannot therefore make its way through 
the body. 

a 	•, 
cy 

 trans 
p
oj

en 
 tran-.. 

5. When a ray of light passes through a crystallized Double rtrs,' 
body, provided the primitife form of the crystal be neither 
a cube nor a regular octahedron, it is split into two distinct 
rays, one of which is refracted in the ordinary way, while 
the other suffers gn extraordinary refraction. 	Hence, when 
an object is viewed through such a crystal it appears double. 

fraction' 

Such bodies are said to refract doubly. 	The laws of this 
double refraction were first accurately explained by Huygens. 
i.::alecareous spar is one of the substances which possesses 
this property in the most striking degree. 

6. If a Ply of light fall upon a polished surface of glass 
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Book I. at an angle' of incidence of 35° 25', it will be refleetsa in a 
Division I. straight line, making the angle of reflection equal to_the 

J. -Polar iza- 
lion. 

angle of incidence. 	Let us suppose another playE  of glass 
• to be so placed that the reflected ray will fall upon it like- 
wise at' an angle of 35° 25'. 	The second plate may be 
turned round its axis without varying ,the angle which it 
makes with the ray that falls upon it. 	A very curious 
circumstance may be observed as this second glass is turned 
round. 	Suppose the two planes of reflection to be parallel 
to each other, in that case the ray of light is reflected from 
the second glass in the same manner as from the first glass. 
Let the second glass be now turned round-a quadrant of a , 
circle, so as to make the planes of reflection perpendicular 
to each other. 	Now the whole of the ray will pass through 
the second glass, and none of it will be reflected. 	Turn the 
second glass round another quadrant of a circle, so as to 
make the reflecting planes again parallel, the ray will now 
be reflected_liy the second glass as at first. 	When the 
second glass is turned round three quadrants, the whole 
light will be again transmitted, and none of it reflected. 
Thus, when the reflecting planes are parallel, the light is 
reflected; but when they are perpendicular the light is 
transmitted. 	We see that the light can penetrate through 
the glass when in one position ; but not when in another. 
Malus, who first observed this curious fact, accounted for it 
by supposing that the light had bent into another position, 
just as a needle does when acted upon by a magnet. 	He 
therefore called this property of light its polarization. Since 
his death, the phenomena of the polarization of light have 
been examined with much assiduity, and many new facts 
discovered by M. M. Biot and Arago, and by Dr. Brewster. 

Decompo. 
sable into 
seven rays.  

7. When a ray of light is made to pass through a trian-
gular prism, and received upon a sheet of white paper, the 
image, or spectrum as it is called, instead of being circular, 
is oblong, and terminated by semicircular arches. 	In this 
case the refraction of light is increased considerably by the 
figure of the prism. 	Consequently if light consists of a 
congeries of rays differing in refrangibility, they will be 
separated from each other : the least refrangible occupying 
the luminous circle which the ray would have formed had it 
not been for the prismatic form of the glass; the others 
going to a greater or smaller distance from this circle, 
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accol lino.o  to their refrangibility. 	The oblong figure of' the Chap. I. 
L'—v'''.1  spectrum is a proof that light consists of rays differently 

reffangage : and as the spectrum exhibits seven colours, 
these rays have been reduced under seven classes. 	The 
colours are in the following order; RED, ORANGE, YELLOW, 
GREEN, BLUE, INDIGO, VIOLET. 	The red is the least 
refrangible, the violet the most ; the others are refrangible 
in the order in which they have been named. 	Newton 
ascertained, by actual measurement, that if the whole of the 
spectrum be divided into 360 parts, 	then the red will 
occupy 45 of these parts; orange, 27; yellow, 48; green, 
60; blue, 60.;.  indigo, 40; violet, SO. 	But they have been 
since observed to differ somewhat in their relative lengths 
in the spectrum, according to the refracting medium. 

8. These coloured rays differ from each other in reflexi-
bility and inflexibility, precisely as they do in refrangibility : 
the red rays being least reflexible and inflexible, the violet 
most, and the rest according to their order iii the prismatic 
spectrum. 	 n 

9. every one of these coloured rays is permanent ; not 
being affected nor altered by any number of-refractions or 
reflections. 

The properties of light now enumerated constitute the 
object of the science called OPTICS. 	They prove, in the 
most decisive manner, that light is attracted by other bodies; 
and not only attracted, but attracted unequally. 	For com- 
bustible bodies, provided all other things be equal, refract 
light more powerfully than other bodies, and consequently 
attract light more powerfully. 	But it is variation, in point 
of strength, which constitutes the characteristic mark of 
chemical affinity. 	Hence it follows that the attraction 
which subsists between light and other bodies does not differ 
from chemical affinity. 	The importance of this remark 
will be seen hereafter.' 

10. The rays of light differ in their power of illuminating plum o
i
w
n: 

,. g  . p objects: For if ariequal portion Qf each of these rays, one of 
after another, be made to illuminate a minute object, a 
printed page for instance, it will not be seen distinctly at 
the same distance when illuminated by each. 	We must 
s6iicrnearest the object when it is illuminated by the violet: 

'ach. 

We see distinctly at a somewhat greater distance when the 
object is illuminated by the indigo ray; at a greater when 

VOL. I. 	 C 
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Book I. - by the blue; at a still greater when by the deep green ; and 
Division L .......v......, at the greatest of all, when by the lightest green or deepest 

yellow : we must stand nearer when the object is enlightened 
by the orange ray, and still nearer when by the red. 	Thus 
it appears that the rays towards the middle of the spectrum 
possess the greatest illuminating power, and those at the 
extremity the least; and that the illuminating power of the 
rays gradually diminishes from the middle of the spectrum 
towards its extremities. 	For these facts we are indebted to 
the experiments of Dr. Herschel.*' 

Light en- 11. Light is capable of entering into bodies and remains- 
revs bodies. ing in them, and of being afterwards extricated without any 

alteration. Father Beccaria, and several other philosophers, 
have shown us, by their experiments, that there are a great 
many substances which become luminous after being exposed 
to the light. 1 	This property was discovered by carrying 
them instantly from the light into a dark place, or by dark- 
ening the chamber in which they are exposed. 	Most of 
these substances, indeed, lose their property in a very short 
time, but they recover it again on being exposed to the 
light; and this may be repeated as often as we please. 	We 
are indebted to Mr. Canton for some very interesting expe-
riments on this subject, and .for discovering a composition 
which possesses this property in a remarkable degree.t 	Iie 
calcined some common oyster shells in a good coal fire for 
half an hour, and then pounded and sifted the purest part 
of them. 	Three parts of this powder were mixed with one 
part of the flowers of sulphur, and rammed into a crucible 
which was kept read hot for an hour. 	The brightest parts 
of the mixture were then scraped off; and kept for use in a 
dry phial well stopped.§ When this composition is exposed 
for a.few seconds to the light, it becomes sufficiently lumi-
nous to enable a person to distinguish the hour on a watch 
by it. 	After some time it ceases to shine, but recovers this 
property on being again exposed to the light. 	Light then 
is not only acted upon by other bodies, -but it is capable of 

'' Phil. Trans. 1800, p. 255. 	t Ibid. lxi. 212. 	1 Ibid. lviii. 337. 
§ Dr. Higgins has added coosidcrable improvements to the method of 

preparing Canton's pyrophorus. 	Iie stratifies the oyster shells and s"1- 
phur in a crucible without pounding them ; 	and after exposing them 
to the proper heat, 	they are put into phials furnished with ground 
stoppers. 
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uniting with them, and afterwards leaving them without any Chap. 1 
‘.....-y.....) change. 

. It is well known that light is emitted during combustion; 
and it has been objected to this conclusion, that these bodies 
are luminous only from a slow and imperceptible combus- 
tion. 	But surely combustion cannot be suspected in many 
of Father Beccaria's experiments, when we reflect that one 
of the bodies on which they were made was his own hand, 
and that many of the others were altogether incombustible; 
and the phenomena observed by Canton are also incompa- 
qle with the notion of combustion. 	His pyrophorus shone 
only in consequence of being exposed to light, and lost that 
property by being kept in the dark. 	It is not exposure to 
light which causes substances capable of combustion at the 
temperature of the atmosphere to become luminous, but 
exposure to air. 	If the same temperature continues, they 
do not cease to shine till they are consumed; and if they 
cease, it is not the application of light, but o2,-aloric, which 
renders them again luminous : but Canton's pyrdpiierus, on 
the contrary, when it had lost its property of shining, did 
not recover it by the application of heat, except it was 
accompanied by light. 	The only effect which heat had was 
to increase the separation of light from the pyrophorus, and 
of course to shorten the duration of its luminousness. 	Two 
glass globes hermetically sealed, containing each some of 
this pyrophorus, were exposed to the light and carried into 
a dark room. 	One of them, on being immersed in a basin 
of boiling water, became much brighter than the other, 
but in ten minutes it ceased to give out light : the other 
remained visible for more than two hours. 	After having 
been kept in the dark for two days, they were both plunged 
into a basin of hot water : the pyrophorus which had been 
in the water formerly did 'telt shine, but the other became 
luminous, and continued to give out light for a considerable 
time. 	Neither of them afterwards shone by the application 
of hot water; but:when brought near to an iron heated so 
as scarcely to be visible in the dark, they suddenly gave out 
their remaining light, and never shone more by the same 
treatment : but when exposed a second time to thi light, 
trey exhibited over again precisely the same phenomena; 
even a lighted candle and electricity Communicated some 
light to them. 	Surely these facts are altogether incom- 

o 2 
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Book L patible with combustion, and fully sufficient to convince us 
,....\„__,Div 	I.n  that light alone was the agent, and that it had actually 

entered into the luminous bodies. 	 • 
It has been questioned, indeed, whether the light emitted 

by pyrophori be the same with that to which they are 
exposed. 	Mr. Wilson has proved, that in many cases at 
least it is different; and in particular that on many pyro-
phori the blue rays have a greater effect than any other, and 
that they cause an extrication of red light. 	Mr. de Grosser 
has shown the same thing with regard to the diamond, 
which is a natural pyrophorus.* 	Still, however, it canpct 
be questioned that the luminousness of these bodies is 
owing to exposure to light, and that the phenomenon is not 
connected with combustion. 

And corn- 12. But light does not only enter into bodies, it also 
bines with 
them. combines with them, and constitutes one of their component 

parts. 	That this is the case, has been rendered very evi- 
dent by a set of experiments made long ago by Mr. 
Canton,t and repeated and carried a great deal farther 
by Dr. Hulme. $ 	It has been long known that different 
kinds of meat and fish, just when they are beginning to 
putrify, become luminous in the dark, and of course give 
out light. 	This is the case in particular with the whiting, 
the herring, and the mackerel. 	When four drams of either 
of these are put into a phial containing two ounces of sea 
water, or of pure water holding in solution IL, a dram of 
common salt, or two drams of sulphate of magnesia, if the 
phial be put into a dark place, a luminous ring appears on 
the surface of the liquid within three days, and the whole 
liquid, when agitated, becomes luminous, and continues in 
that state for some time. 	When these liquids are frozen, 
the light disappears, but is again emitted as soon as they 
are thawed. 	A moderate heat,  increases the luminousness, 
but a boiling heat extinguishes it altdgether. 	The light is 

. extinguished also by water, lime water, water impregnated 
with carbonic acid gas, or sulphureted hydrogen gas, fer-
mented liquors, spirituous liquors, acids, alkalies, and water 
saturated with a variety of salts, as sal-ammoniac, common 
salt, sulphate of magnesia; but the light appears again when 

* Jour. de Phys. xx. 270. 	 j' Phil, Trans. lix. 446. 
I Ibid. 1800. p. 161. 

   
  



LIGHT. 	 21 
these solutions are diluted with water. 	This light produces 	Chap, I. 

. no sensible effect on the thermometer.* 	After these expe- 	'---v---' 
riments, it can scarcely be denied that light constitutes a 
component part of these substances, and that it is the first 
of the .constituent parts which makes its escape when the 
substance containing it is beginning to be decomposed.. 

13. Almost all bodies have the property of absorbing Colour ex-
light, though they do not all emit it again like the pyrophori plained. 

and animal bodies. 	But they by no means absorb all the 
rays indiscriminately : some absorb one coloured ray, others 
nqather, while they reflect the rest. 	This is the cause of 
the different colours of bodies. 	A red body,' for instance, 
reflects the red rays, while it absorbs the rest; a green 
reflects the green rays, and perhaps also the blue and the 
yellow, and absorbs the rest.' A white body reflects all the 
rays, and absorbs none; while a black body, on the con- 
trary, absorbs all the rays, and reflects none. 	The different 
colours of bodies, then, depend upon the affir;ty of each for 
particular rays, and its want of affinity for the otiv,:;.s. 

14. The absorption of light bi bodies produces very Light pro- 
sensible changes in them. 	Plants, for instance, may be 	

ducceosnclie-an- made to vegetate tolerably well in the dark ; but in that du
e 

case their colour is always white, they have scarcely any 
taste, and contain but a very small proportion of combus- 
tible matter. 	In a very short time, however, after their 
exposure to light, their colour becomes green, their taste is 
rendered much more intense, and the quantity of combus- 
tible matter is considerably increased. 	These changes are 
very obvious, and they depend incontestibly upon the agency 
of light. 	Another very remarkable instance of the agency 
of light is the reduction of the metallic oxides. 	The red 
oxide of mercury and of lead become much lighter when 
exposed to the sun ; and the white salts of silver, in the 
same situation, soon become black, and the oxide is reduced. 
The oxide of gold may be reduced in the same manner. 
Light, then, has the property of separating oxygen from se- 
veral of the oxides. 	Scheele, who first attended accurately 
to these facts, observed also, that the violet ray reduced the 
oxide of silver sooner than any of the other rays; t and 

* The same experiments succeed with Canton's pyrophorus, as Dr. 
Ruh-tie has shown. 

t On Fire, p. 78 and 98. 
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IMPONDERABLE BODIES. 

Book I. 	Sennebier has ascertained, that the same ray has the greatest 
D
` --...-4

ivision I. effect in producing the green colour of plants.* 	Berthollet 
observed, that during the reduction of the oxides, a quan-
tity of oxygen gas makes its escape. t 

Contains 	It was supposed till lately, that those reductions 'of me- 
eoxidizing ,,,,,•c  rays, not 	.,..iii 	oxides were produced by the colorific rays of light ; 

colorific. 	but Messrs. Wollaston, Ritter, and Bockmann, have ascer- 
tained, that chloride of silver is blackened most rapidly 
when it is placed beyond the violet ray, and entirely out of 
the prismatic spectrum. 

These observations have been confirmed by M. P- 
rard. 	He found that the chemical intensity was greatest 
at the violet end of the spectrum, and that it extended a 
little beyond that extremity. 	When he left substances 
exposed for a certain time to the action of each ray, he ob-
served sensible effects, though with an intensity continually 
decreasing in the indigo and blue rays. 	Hence it is very 
probable thwt' if he had been in possession of more sensible 
reactiveiT he would have observed analogous effects, but 
still more feeble, in the other rays. 	He concentrated, by 
means of a lens, all that part of the spectrum which extends 
from the green to the extreme violet; and likewise, by 
means of another lens, all that portion which extends from . 
the green to the extremity of the red. 	The last pencil 
formed a white point so brilliant that the eye was scarcely 
able to endure it; yet the chloride of silver remained ex-
posed to it two hours without undergoing any sensible alter- 
ation. 	But when exposed to the first pencil, which was 
.much less bright and less hot, it was blackened in less than 
six minutcs.§ 

15. M. Morichini, 	Professor of Chemistry at Rome, 
announced, in 1813, that when steel needles are exposed to 

*- Mem. Phisico-chim. ii. 72. 
t Jour. de Phys. xxix. 81. 	When muriate of silver is exposed to the 

solar light, it blackens almost instantaneously. 	In that case it is not 
oxygen gas which is emitted, but muriatic acid, 'as has been observed 
also by I3erthollet. 	See Jour. de Phys. lvi. 80. 

I lie employed chloride of silver, which becomes black ; guaiac, which 
passes from yellow to green, as Dr. Wollaston first observed ; and a mi.-
tore of chlorine and hydrogen, which detonate when exposed to light, as 
Dalton and Gay-Lussac and Thenard ascertained. 

§ Annals of Philosophy. ii. 165. 
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the action of the violet ray of light they become magnetic. * Chap. I. 
But when these experiments were carefully repeated by \—v-1  
Professor Configliachi of Pavia, . 	and by M. Berard of 
Montpellier, t they did not succeed. 	Hence we may con- 
clude that Morichini deceived himself by using needles 
already possessed of magnetic properties. 

16. Such are the properties of light as far as 	they 
have been examined. 	They are sufficient to induce us to 
believe that it is a body, and that it possesses many qualities 
in common with other bodies. 	It is attracted by them, and 
cpmbines with them precisely as other bodies do. 	But it Light pos- 
is distinguished from all the substances hitherto described, 
by possessing three peculiar properties, of which they are 
destitude. 	The first of these properties is the power which 
it has of exciting in us the sensation of vision, by moving 
from the object seen, and entering the eye. 	The phe- 
nomena of colours, and the ,prismatic spectrum, indicate 
the existence of seven different species of light ; but to what 
the difference of these species is owing, has noil.i.,:en ascer-
tained. , We are altogether ignorant of the component 
parts of every one of these species. 

speecutaK "e 
properties. 

The second peculiar property of light is the prodigious 
velocity with which it moves whenever it is separated from 
any body with which it was formerly combined. This velo-
city, which is but little less than 200,000 miles in a second, 
it acquires in a moment; and it seems to' acquire it too in all 
cases, whatever the body be from which it separates. 

The third, and not the least singular of its peculiar pro- 
perties, is, that 	its particles are never 	found 	cohering 
together, so as to form masses of any sensible magnitude. 
This difference between light and other bodies can only be 
accounted for by supposing that its particles repel each 
other. 	This seems to constitute the grand distinction 
between light and tira bodies hitherto described. 	Its par- 
ticles repel each other, while the particles of the other 
bodies attract mei other; and accordingly are found coher-
ing together in masses of more or less magnitude. 

17. It now only remains to consider the different me- sources of 
thods by which light may be procured ; or, to speak more light.  

. 	* Gilbert's Annalen der Physick, xlvi. 367. 	t Ibid, p. 33T. 
: Annals of Philosophy, iv. 226. 
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Book I. precisely, the different sources from which light is emitted 
Division I. in a visible form. 	These sources are four : 1. The sun and 

stars; 	2. Combustion; 	3. Heat; 	and 45. Percussion. 
2.The sun. 

2. Combus- 

The light emitted by the sun is familiarly known by the 
names of sunshine and light of day. 	The light of the stars, 
as has been ascertained, possesses precisely the same pro- 
perties. 	With respect to the cause why the sun and stars 
are constantly emitting light, 	the question will proba- 
bly for ever baffle the human 	understanding; 	at any 
rate, it is not considered as connected with the science of 
chemistry. 	 ., 

18. Light is emitted in every case of combustion. 	Now 
tion. combustion, as far it least as regards simple combustibles 

and metals, is the act of combination of the combustible 
with a supporter. 	Consequently the light which is emitted. 
during combustion must have existed previously combined 
either with the combustible or with the supporter. 	But this 
subject will bp resumed in the next chapter, where the 
nature oi".f ,-„ii-oustion will be particularly considered. 

3. Heat. 19. 	If heat be applied to bodies, and continually in- 
creased, there is a certain temperature at which, when they 
arrive, they become luminous. 	No fact is more familiar 
than this ; so well known indeed is it, that little attention 
has been paid to it. 	When a body becomes luminous by 
being heated in a fire, it is said in common language to be 
red hot. 	As far as experiments have been made upon this 
subject, it appears that all bodies which are capable of en-
during the requisite degree of heat without decomposition 
or volatilization begin to emit, light at precisely the same 
temperature. 	The first person who examined this subject 
with attention was Sir Isaac Newton, 	He ascertained, by 
a very ingenious set of experiments, first published in 1701, 
that iron is just visible in the dark when heated to 635°; 
that it shines strongly in the dark when raised to the tem-
perature of 752°; that it is luminous in the twilight just 
after sunset when heated to 881 °; and thet when it shines, 
even in broad day-light, its temperature is above 10000. 
From the experiments of Muschenbroeck and others, it 

• Dr. Irvine has shown that this point is rather too low. 	For'mer- 
cury, which he found to boil at 6720, does not become the least luminous 
at that temperature. 	Irvine's Essays, p. 32. 
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appears, that what in common language is called a red heat, 
commences about the temperature of 800°. ''"Ne"'I  

Chap. I. 

A red hot body continues to shine for some time after it 
has been taken from the fire and put into a dark place. 
The constant accession, then, either of light or heat, is 
not necessary for the shining of bodies : but if a red hot 

,body be blown upon by a strong current of air, it immedi- 
ately ceases to shine.* 	Consequently the moment the tem- 
perature of a body is diminished by a certain number of 
degrees, it ceases to be luminous. 

--,_, Whenever a body reaches the proper temperature, it be-
comes luminous, independent of any contact of air; for a 
piece of iron wire becomes red hot while immersed in 
melted lead. t 

To this general law there is one remarkable exception. 
It does not appear that the gases become luminous even at a 
much higher temperature. 	The following ingenious expe- 
riment of Mr. T. Wedgewood seems to set fly? truth of this 
exception in a very clear point of view. 	1-1-- 'cook an 
earthen . ware tube, bent so in the middle that it could be 
sunk, and make several turns in a large crucible, which was 
filled with sand. 	To one end of this tube was fixed a pair 
of bellows ; at the other end was a globular vessel, in which 
was a passage, furnished with a valve to allow air to pass 
out, but none to enter. 	There was another opening in this 
globular vessel filled with glass, that one might see what 
was going on within. The crucible was put into a fire; and 
after the sand had become red hot, air was blown through 
the earthen tube by means of the bellows. 	This air, after 
passing through the red hot sand, came into the globular 
vessel. 	It did not shine; but when a piece of gold wire 
was hung at that part of the vessel where the earthen ware 
tube entered, 	it became frintly luminous : a proof that 
though the air was nct luminous, it had been hot enough to 
raise other bodies to the shining temperature. 

19. The last of the sources of light is percussion. 	It is 4. PefC118. 
well known, that when flint and steel are smartly struck 
against each other, a spark always makes its appearance, 
which is capable of setting fire to tinder or to gunpowder. 

sim• 

The spark in this case, as was long ago ascertained by Dr. 

T. Wedgewood, Phil. Trans. 1792. 	4-  Id. Ibid. 
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Book I. 	Hooke, is a small particle of the iron, which is driven 'off, 
Division I. and. catches fire during its passage through the air. 	This, 

therefore, and all similar cases, belong to the class of com- 
bustion. 	But light often makes its appearance when two 
bodies are struck against each other, when we are certain 
that no such thing as combustion can happen, because both 
the bodies are incombustible. 	Thus, for instance, sparks 
are emitted, when two quartz stones are struck smartly 
against each other, and light is emitted when they are rub- 
bed against each other. 	The experiment succeeds equally 
well under water. 	Many other hard stones also emit spark,: 
in the same circumstances. 

If they be often made to emit sparks above a sheet of 
white paper, there are found upon it a.number of small 
black bodies, not very unlike the eggs of flies. 	These 
bodies are hard but friable, and when rubbed on the paper 
leave a black stain. 	When viewed with a microscope, they 
seem to have been melted. 	Muriatic acid changes their 
colour toa"green, as it does that of lavas.* 	These substan- 
ces evidently produced the sparks by being heated red hot. 
Lamanon supposes that they are particles of quartz com- 
bined with oxygen. 	Were that the case, the phenomenon 
would be precisely similar to that which is produced by the 
collision of flint and steel. 	That they are particles of quartz 
cannot be doubted; but to suppcise them combined with 
oxygen is contrary to all experience; for these stones never 
show any disposition to combine with oxygen even when 
exposed to the most violent heat. 	La Metherie made ex- 
periments on purpose to see whether Lamanon's opinion 
was well founded; but they all turned out unfavourable to 
it. 	And Monge ascertained, that the particles described by 
Lamanon were pure crystal unaltered, with a quantity of 
black powder adhering to thc:-n. 	He concludes, accord- 
ingly, that these fragments had ,been' raised to so high a 
temperature during their passage through the air, that they 
set fire to all the minute bodies that came in their way.t 
The emission of the light is accompanied by a very peculiar 
smell, having some analogy to that of burning'sulphnr, Or 
more nearly to burning gunpowder. 

Lamanon, Jour. de Phys. 1785. 	t Ann. de Chim. xvi. 206, 

   
  



HEAT 
	 27 

CHAP. IL 

OF HEAT. 

NOTHING is more familiar to us than heat ; to attempt Chap. IT, 
therefore to define it is unnecessary. 	When we say that a 	 ".") Definittot, 
person feels heat, that a stone is hot, the expressions are un-
derstood without difficulty; yet in each of these propositions, 
the word heat has a distinct meaning. 	In the one, it sig- 
nifies the sensation of heat; in the other, the cause of that 
sensation. 	This ambiguity, though of little consequence in 
common life, may lead in philosophical discussions to con- 
fusion and perplexity. 	It was to prevent this that the word 
caloric has been chosen to signify the cause of heat. 	When 
I put my hand on a hot stone, I experience a certain sensa-
tion, which I call the sensation of heat; the cause of this 
sensation is caloric.  

As the phenomena in which caloyic is conceriie'd are the 
most intricate and interesting in chemistry; as the study of 
them has contributed in a very particular manner to the ad-
vancement of the science : as they involve some of thosq 
parts of it which are still exceedingly obscure, and which 
have given occasion to the most important disputes in which 
chemists have been engaged—they naturally lay claim to a 
very particular attention. 	I shall divide this chapter into 
six sections: the first will be occupied with the nature of 
caloric; 	in the second, 	I shall consider its propagation 
through bodies; 	in the third, 	its distribution; 	in the 
fourth, the effects which it produces on bodies ; in the fifth, 
the quantity of it which exists in bodies ; and in the sixth, 
the different sources from which it is obtained. 

SECT. I. 

NATURE OF CALORIC. 

Concerning the nature of caloric, there are two opinions 
which have divided philosophers. ever since they turned their 
attention to the subject. 	Some suppose that caloric, like 
gravity, is merely a property of matter, and that it consists, 
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Book I. 
Division I. 

some how or other, in a peculiar vibration of its particT,es i 
others, on the contrary, think that it is a distinct substance. 

‘—v--)  Each of these opinions has been supported by the greatest 
philosophers ; and till lately the obscurity of the subject 
has been such, that both sides have been able to produce 
exceedingly plausible and forcible arguments. 	The recent 
improvements, however, in this branch of chemistry, have 
gradually rendered the latter opinion more probable than 
the former: and a discovery, made by Dr. Herschel, has 
at last nearly put an end to the dispute, by demonstrating, 
that we have the same reason for considering heat to be a 
substance, as we have for believing light to be material. 

Discovery 1. Dr. Herschel had been employed in making observa- 
of rays of  caloric. tions on the sun by means of telescopes. 	To prevent the 

inconvenience arising from the heat, 	he used coloured 
glasses; but these glasses, when they were deep enough 
coloured to intercept the light, very soon cracked and broke 
in pieces.. 	This circumstance induced him to examine the 
heating 1.:).ewer of the different coloured rays. 	He made 
each of them in its turri fail upon the bulb of a thermome-
ter, near which two other thermometers were placed to 
serve as a standard. 	The number of degrees, which the 
thermometer exposed to the coloured ray rose above the 
other two thermometers, indicated the heating power of 
that ray. 	He found that the most refrangible rays have 
the least heating power; and that the heating power gra- 
dually increases as the refrangibility diminishes. 	The violet 
ray therefore has the smallest heating power, and the red 
ray the greatest. 	Dr. Herschel found that the heating 
power of the violet, green, and red rays, arc to each other 
as the following numbers : 

Violet = 16 ; Green = 22.4.; Red = 55. 
It struck Dr. Herschel as remarkable, that the illuminating 
power and the heating power of the :ays follow such dif- 
ferent laws. 	The first exists in greatest perfection in the 
middle of the spectrum, and diminishes .as we approach 
either extremity; but the second increases constantly from 
the violet end, and is greatest at the red end. 	This led 
him to suspect that perhaps the heating power does not stop 
at the end of the visible spectrum, but is continued beyond 
it. 	He placed the thermometer completely beyond the 
boundary of the red ray, but still in the line of the spec-
trum; and it rose still higher than it had done when ex- 
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d to the red ray.. On shifting the thermometer still 
r, it continued to rise; and the rise did not reach its 
um till the thermometer was half an inch beyond 

•utmost extremity of the red ray. 	When shifted still 
it sunk a little; but the power of heating was sen-

at the distance of 14. inch from the red ray.* 
important experiments were repeated and con- 

by Sir Henry Englefield,t • in the year 1802. 	The 
was very different from that of Dr. Herschel, 

contrived on purpose to obviate certain objections 
had been made to the conclusion drawn by him. The 
of the .thermometers used were mostly blackened. 

following Table exhibits the result obtained in one 
these experiments. 

Thermometer in the blue ray rose in 3' from 55° to 56.  
green 	 3 	54... ..58 
yellow 	3 	56 ....62 
full red . 	2- ... —56 '.. ..72 
confines of fed 24. 	58 ... .734. 

beyond the visible light 2-..;  ..... 61 ....79 

The thermometer, with its bulb blackened, rose much 
when placed in the same circumstances, than 

whose bulb was either naked or whitened with 
This will be apparent from the following table : 

Chap:11. 
‘*--Nr-j  

the 

Time. From To 

Red ray Black therm. 
White therm. 3' 

58o 
55 

81° 
58 

Dark Black therm. 
White therm. 3 59 

58 
61 
584. 

Confines of red Black therm. 
White therm. 

a  
" 

59 
574- 

71 
604- 

Both  Dr. Herschel and Sir Henry Englefield take notice 

• Phil. Trans. 1800, p. 437. 
f Journal of the Royal Institution, i. 202. 
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Book I. 	of a faint blush of red, of a semioval form, visible wen 
Division I. the rays beyond the red end of the spectrum were tolls,; ed ......v—i 

by a lense. 
In the year 1307, Professor Wiinsch, at Frankfort on 

the Oder, published a set of experiments upon the. same 
subject,* which turned out somewhat different from those 
of Dr. Herschel. 	He found that the thermometer was not 
effected when placed either above or below the spectrum. 
But the rise of temperature was not proportional to the 
light given by the ray. 	The blue ray he found gave the 
most light ; but produced the least heat of any of the rays, 
the violet excepted. 	When the prism was filled with alco- 
hol, oil of turpentine, or water, the yellow ray raised the 
thermometer highest; when a prism of green glass was 
used, the red ray produced most heat: and finally, when 
a yellow glass prism was used, the colourless tail at the 
border of the red ray produced the most heat. 	Professor 
Wiinsch is one of those philosophers who believe that the 
solar light is only divisible into three coloured rays, and 
the principal object o: his elaborate paper seems to be to 
show that the heating power of the rays confirm his peculiar 
hypothesis. 	It was examined at great length by Ritter, 
whose opinions were different.t 	But it is unnecessary to 
discuss that point here, because, the experiments of Wiinsch, 
though they do not exactly coincide with those of Herschel, 
are not however inconsistent with them. 

The experiments of Herschel were again repeated and 
confirmed by M. Berard in 1813. 	He was possessed of an 
excellent apparatus for the purpo§e, and his observations 
appear to Have been made with sufficient care. 	He found 
as Herschel had done, that the heating power of the rays 
decreases from the red to the violet end of the spectrum. 
It is greatest at the extremity of, the red ray while the ther- 
mometer is still plunged in the spectrum. 	When he placed 
the thermometer quite beyond the visible spectrum in the 
spot where Herschel fixed the maximum of heat, its ele- 

Versuche uber die vermeinte Sonderung des Licnts tier Sonnens-
trahlen von der Mime derselben, published in the Der Gesellschaft 
natiur forschender freunde zu Berlin Magazin fiir die neuesten entdeck- 
:Ingot in der gesannnten naturkunde. 	Vol. i. p. 207. 

t Gehlen's Journal jiir die Chemie, Physik and Illineralogie, vi. 611 
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latiiim above that of the ambient air was only +th of what Chap. II. 
it 14 been in the red ray itself.* "----v--1  

Th8se experiments are sufficient to convince us that the 
calorific and co/orific power of the rays of light follow quite 
different laws. 	Whether two different species of rays exist 
'XI the solar spectrum as some have supposed, namely, rays 
of light, and rays of heat; or whether certain unknown 
changes in the velocity or in some other quality of light 
give it the power of producing heat, are questions which 
the limited state of our knowledge does not enable us to 
determine. 	Some late experiments of Delaroche seem 
rather favourable to the latter opinion. 	He found that the 
higher the temperature of a hot body was raised, 	the 
greater was the quantity of rays of heat which became ca-
pable of penetrating through a plate of glass.t 

2. The rays of caloric are refracted by transparent bodies 
just as the rays of light. 	We see, too, that, like the rays 
of light, they differ in their refrangibility; that some of 
them are as refrangible as the violet rays, but that the 
greater number of them are less refrangible than the red 
rays. 

3. The rays of caloric arc reflected by polished surfaces 
in the same manner as the rays of light. 	This was shown 
long ago by Scheele, who even ascertained that the angle 
of their reflection is equal to the angle of their incidence. 

Refracted. 

Reflected. 

Mr. Pictet also had made a set of very ingenious experi-
ments on this subject, about the year 1790, which led to 
the same conclusion.$ 	He placed two concave mirrors of 
tin, of nine inches focus, at the distance of 12 feet 2 
inches from one another. 	In the focus of one of them he 
placed a ball of iron two inches in diameter, heated so as 
not to be visible in the dark ; in the other was placed the 
bulb of a thermometer. 	In, six minutes the thermometer 
rose 22°. 	A lighted' candle, which was substituted for the 
ball of iron, produced nearly the same effect. 	In this case 
both light and heat appeared to act. 	In order to separate 
them, he inWposed between the two mirrors a plate of 
clear glass. 	The thermometer sunk in nine minutes 14°: 

* Annals of Philosophy, ii. 163. 	f Ibid. ii. 100. 
C A similar set of experiments had been made by Mr. King as early 

as 1785: See his Morsels of Criticism, vol. i. 
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Book t. 	and when the glass was again removed, it rose in severmiA 
Division I.  mutes about 12° ; yet the light which fell on the thernSime-%.........v..—.0 

ter did not seem at all diminished by the glass. 	Mri Pictet 
therefore concluded, that the caloric had been reflected by 
the mirror, and that it had been the cause of the rise of 
the thermometer. 	In another experiment, a glass matra.4.s 
was substituted for the iron ball, nearly of the same dia-
meter with it, and containing 2044 grains of boiling water. 
Two minutes after a thick screen of silk, which had been 
interposed between the two mirrors, was removed, the 
thermometer rose from 47° to 508°, and descended again 
the moment the matrass was :moved from the focus. 

The mirrors of tin were now placed at the distance of 
90 inches front each other ; the .matrass with the boiling 
water in one of the foci, and a very sensible air thermome-
ter in the other, every degree of which was equal to about 

- :i-i i-th of a degree of Fahrenheit. 	Exactly in the middle 
space between the two mirrors there was placed a very thin 
common glass mirror, suspended in such a manner that 
either side could be turned towards the matrass. 	When the 
polished side of this mirror was turned to the matrass, the 
thermometer rose only 0.5° ; but when the side covered 
with tinfoil, and which had• been blackened with ink and 
smoke, was turned towards the matrass, the thermometer 
rose 3.50°. 	In another experiment, 	when the polished 
side of the mirror was turned to the matrass, the thermo- 
meter rose 3°, when the other side, 9.2°. 	On rubbing off 
the tinfoil, and repeating the experiment, the the thermo- 
meter rose 18°. 	On substituting for the glass mirror a piece 
of thin white pasteboard of the same dimensions with it, 
the thermometer rose 10°.* 

4. Berard has shown by a set of well contrived expe-
riments that the rays of heat are capable of polarizatiou 
equally with the rays of light.± 

5. As lieat radiates from luminous bodies like light, and 
without any sensible diminution of their weight, it is rea-
sonable to conclude that its particles must be",mually minute. 
Therefore neither the addition of caloric nor its abstraction 
tan sensibly affect the weight of bodies. 	As this :011ows 
necessarily as a consequence from Dr. Herschel's exreri- 

t 
• Pictet, sur le Feu, chap. iii. 	t Annals of Philosophy, ii. 164. 
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melts, were k possible to prove by exp riment that caloric Chap. II. 
-̀-"Ne—I  affees the weight of bodies, the theo y founded on Dr. 

Herstliel's discoveries would be overturned : but such de-
ductions have been drawn from the Pxperiments of De 
Luc,* itordyce,± Morveau,t and Chausier.§ 	According , 
1.4 thes,! philosophers, bodies become absolutely lighter by 
being heated. 	The experiment of Fordyce, which  seems  
to have been made with the greate9t care; was conducted 
in the following manner : 	• 

He took a glass globe three inches in diameter, with 
a short neck, and weighing 451, grains ; 	poured into it 
about 1700 grains of..wayt;,-ffoin the New River, London, 
and then 	sealed it hermetically. 	The whole weighed 
21503  ' grains at the temperature of 32° degrees. 	It was. 
p'ut for 20 minutes into a freezing mixture of snow and salt 
till some of it was frozen ; it was then, after beiil'i wiped_ 
first with a dry linen cloth, next with clean washed dry 
leather, immediately weighed, and found to be-„•,;h of a 
grain: heavier than before. 	This wasyepeated exactly in the 
same manner five different times. 	At each, more of the 
water was frozen, and more weight gained. 	When the 
whole water was frozen, it was -A-ths of a grain heaVier than 
it had been when fluid. 	A thermometer applied to the 
globe stood at 100. 	When allowed to remain till the ther- 
mometer rose to 32°, it weighed -26-ths of a grain more than 
it did at the same temperature when fluid. 	It will be seen 
afterwards that ice contains less heat than water of the same 
temperature with it. 	The balance used was nice enough to 
markith 	of a -ado 	part 	grain. 

This subject had attracted the attention of Lavoisier, and 
his experiments, which were published in the Memoirs of 
the French Academy for 1783, led him to conclude that 
the weight of bodies is not altered by heating or cooling 
them, and consequently that caloric produces no sensible 
change on the weight of bodies. 	Count Rumford's expe-
riments on the isome subject, which were made about the 
year 1797.: ore squally decisive. 	He repeated the experi-
ment of Dr. Fordyce with the most scrupulous caution ; 
and derilonstrated that neither the addition nor the abstrac- 

* t'iur les Modif. de l'Atmosph. 	t Phil. Trans. 1785, p. 361. 
I Jour. de Phys. 1785, Oct. 	§ Jour, de Ss:avans, 1785, p. 493. 
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Book I. 	tion of heat make, any sensible alteration in the weigh, of 
Division I' bodies.* 	 e '. 

----v"--1 	6. Caloric agrees with light in another property itto less 
peculiar. 	Its particles are never. found cohering togoiiertin 
masses; and whene .er they are forcibly accumulatit, they 
fly off in all directic,ns, and separate from each other wits.' 
inconceivable rapidity. 	This property necessarily supposes 
the existence of a mqual repulsion between the particles 
of caloric. 

Thus it appears that caloric and light resemble each other 
in  a great number of properties. 	Both are emitted from 
the sun in rays with a verYlc ,mt_v0ocity 7 both of them 
are refracted by transparent bodies, and reflected by po, 

•lished surfaces; both of them consist of particles whi,;11 
mutually repel each other, and which produce no sensibi,i 
, Ifect upon the weight of other bodies. 	They differ, how- 
evei,• in this particular : light produces in us the sensation 
of vision ; caloric, on the contrary, the sensation of heat. 
Whether this difference be sufficient to constitute light and 
heat two specifically distinct bodies; or whether they be 
merely modifications of one and the same body are ques-
tions which the present state of our knowledge does nizA 
enable us fully to answer. 

SECT. II. 

OF TILE MOTION OF HEAT. 

From the preceding account of the nature of caloric, we 
learn that it is capable, like light, of radiating in all direc-
tions from the surfaces of b9dies ; and that when thus ra- 
diated, it moves with a very considerable velocity. 	Like 
light, too, it is liable to be absorbed when it impinges against 
the surfaces of bodies. 	When it has thus entered, it is 
capable of making its way through all 1.117,1,ies ; but its mo- 
tion in this case is comparatively slow. 	•Iti ziiiiTi ease it is 
said to be conducted through bodies. 	Heat then i'loves at 
two very different rates. 	1. By radiation. 	2. BY)  ,:onduc- 
lion. 	It will be proper to consider each of these sepaih`ely. 

Hail. Trans. 1799, p. 179. 
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1 	 I. RADIATION OF HE 
<LRiCh 'I\ 

itted. \Vi. bodies artificially heated are exposed to the open 
1‘3,,e14'r', \-,5. 	immediately Iits,:y 	 begin to emit 	eat, and continue to 

Chap. It. 
.."-v—i  . e \ ,,..i , till they become nearly of tl e temperature of the 

surrounding atmosphere. 	That dii Trent substances when 
peed in this situation cool down vith very different de—
grees •)f rapidity, could not have scaped the most careless 
observer ; but the influence of th f surface of the hot body 
in accekrating 4 retarding tletkooling process, was not 
iisbected‘,till 2.2iteli.--...,,-1?cis -this curious and important part 0,- - 	-sT 

,N(  he doctrine of heat, we are indebted to the sagacity of 
NIr. Leslie, who has already brought it to a great degree of 

• perfection. 	His Inquiry into the Nature of Heat, published 
in 1804, contains a great number of original experimert., 
and views on this subject. 	It is remarkable, that a few 
weeks after the publication of this work, a dissertation by 
'Count Rumford on the same subjeeN and containing simi-
lar experiments, appeared in the Philosophical Transac- 
tions. 	In the year 1813, a paper on the subject containing 
some important additions to the experiments of Mr. Leslie 
was published by M. Delaroche of Geneva.* 

1. Mr. Leslie filled with hot water a thin globe of bright Effect of the 
tin, four inches in diameter, having a narrow neck, and 
placed it on a slender frame in a warm room without a fire. 

surface in cooling. 

The thermometer inserted in this globe sunk half way from 
the original temperature of the water to that of the room in 
156 minutes. 	The same experiment was repeated, but the 
outside of the globe was now covered with a thin coat of 
lamp black. 	The time elapsed in cooling to the same 
temperature as in the last case was now only 81 minutes.t 
Here the rate of cooling was "nearly doubled ; yet the only 
difference was the thin covering of lamp black. 	Nothing 
can afford a more striking proof than this of the effect of 
the surflice of dr ;tot body on the rate of its cooling. 

Count 1:t-..--:-Iord took two thin cylindrical brass vessels of 
the sain!! size and shape, filled them both with hot water of 
the sa6e temperature, and clothed the one with a covering 

_ 	. 
Annals of Philosoph), ii. 100. 

t Leslie's Inquiry into the Nature of Heat, p. ess. 
D 2 
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Book I. 	of Irish linen, but lfft the other naked. 	The naked vest4 
,___,Disrl'i" I.  cooled ten degrees if, 55 minutes, but the one covered T'Y  ' il 

" 	linen cooled ten deeees in 36+ minutes.* 	In this e40 1e6' 
rent, the linen prOuced. a similar effect with th;ekiierzit 
black in the precediri:v. 	Instead of retarding the es 1, they 
heat, as might have 1);en expected, they produced th'er wit'. 
trary effect. 	The sarUe acceleration took place when the 
cylinder was coated. wiqa a thin covering of glue, of blp..dici• 
or white paint, or when It was smoked with a candle. 	: 

Greatest in 	2. The variation in tie rate of cooling occasioied by. 
still air. coating the hot vessel witl_.7, different substy ,pees isigreateA 

when the air of the room in whit': &Iv.,  -_-..-irer' iii -7t5'are mii.d..= 
is perfectly still. 	The difference diminishes when the :Pct.,  
mosphere is agitated, and in very strong winds it disaP-.1  
pears almost entirely. 	Thus two globes of tin, one bright, 

''j..-,  other covered with lamp black, being filled with hot 
water; - and exposed to winds of various degrees of violence, 
were found by Mr. Leslie to lose half their heat in the fol- 
lowing times : t 	.- 

Clean Globe. 	Blackened Globe: 
In a gentle gale . 	 44' 	35' 
In a pretty strong breeze 23' 	204./  
In a vehement wind  	9.5' 	9' 

This is sufficient to convince us, that the effect of the lamp 
black in accelerating cooling cannot be owing to any power 
which it has of conducting heat, and communicating it to 
the air, but to the property which it has of radiating heat (to 
use the common expression) in a greater degree than clear 
metallic bodies. 	That this is in reality the case is easily 
shown. 

3. When a canister of tin, of a cubic shape and consi-
derable size, is placed at the c;istance of a foot or two from 
a concave mirror of bright polished .tin, having a delicate 
thermometer in the focus, the thermometer experiences a 
certain elevation. 	If the canister be celted with lamp 
black, the thermometer rises much higher' .41,-.7,-:: ,when the 
metal is left bright. 	Here we perceive that more .spat ra- 
diates from the lamp black than the clear metal ; si1,-.ce the 
elevation of the thermometer is in some degree the m'ei...,tire 

Nicholsoo's Jour. ix, 60. 1 Inquiry into the Nature of Heat, p. w1, 
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e 5he radiation. 	A common thermom er does not answer Chap. II: 
lv ..::n similar experiments, because it s affected by every "'"-Nr--1  
"ilLich'i4:1 of temperature in the room 	which the experi- 

._‘-iteci.  . 'e made. 	But Mr. Leslie has 	vented another, to 
.147k5. lyre are indebted for all the precpion that has been in- 

Dir ,,.4.2ed into the subject. 	He has 6.stinguished it by the 
.=el!ane of the differential thermometer. Al It was employed also Differential 
1.: '--Count Rumford in his researcheri 	 thermome- 

.- thermometer consists of a .'..hall glass tube bent into 
ter. 

if 	t ne of the letter U, and t9-minatino•p, at each extre- 
ril;it. c 	', smaVoiollow ball,. wr.:,Ily of the same size ; the 
0'6.. A......,_b.'•I-  • a lilac: -..a.A;iihric acid tinged red with car- 
051e, and sufficient to fill the greatest part of it. 	The 
lass balls are full of air, and both communicate with the 

intermediate tube. 	To one of the legs of the tube is affixed 
a small ivory scale divided into 100 degrees; and the si,1- 
phuric acid is so disposed, that in the graduated 1.4 its 
upper surface stands opposite to the part of the scale 'marked 
b. 	The glass ball attached to the log of the instrument to 
which the scale is attached, is, by way of distinction, called 
the focal ball. 	Suppose this thermometer brought into a 
warm room, the heat will act equally upon both balls, and 
expanding the included air equally in each, the liquor 
• in the tube will remain stationary. 	But suppose the focal 
ball exposed to heat while the other ball is not; in that case 
the air included in the focal ball will expand, while that in 
the other is not affected. 	It will therefore press more upon 
the liquid in the tube, which will of course advance towards 
the cold ball, and therefore the liqUid will rise in the tube 
above 0, and the rise will be proportional to the degree of 
heat applied to the focal ball. 	This thermometer, there- 
fore, is peculiarly adapted for ascertaining the degree of 
heat accumulated in a particular point, while the surround-
ing atmosphere is but little affected, as happens in the focus 
of a reflecting mirror. 	No change in the temperature of 
the room in wl-i:;;h the instrument is kept is indicated by it, 
while thc=1.v.--,:1-  best alteration in the spot where the focal ball 
is placr‘l is immediately announced by it. 

In ''Making experiments on the radiation of heat, Mr. 
Lcie employed hollow tin cubes, varying in size from three 
l*...,:‘ hes to ten, filled with hot water, and placed before a tin 
reflector, having the differential thermometer in the focus. 
The reflector employed was of the parabolic figure, and 
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rook I. about 14 inches in (iameter. 	This apparatus afforded .-11 e 
Divisicm I' ......-v...../ means of ascertain4 the effect of different surfaces iT 	L. 

diating heat. 	It w? • only necessary to coat the surf ' è '' 
the canister with t e various substances whose rice• —'er'1" ,_ `\ properties were to o 	tried, and expose it, thus coat„I, they  r 
filled with hot water, `before the reflector. 	The he'L' 	w''. ' 
diated in each case woild be collected into the focus whet 
the focal ball of the Cl. qerential thermometer was pla,,AcE• 
and the rise of this institiument would indicate the r  
tional radiation of each t.lurfitce. 	These experi me,.ed by. 
conducted with much add.'..T.,14,  The folk:m11'1)g are greatesE 
cipal results obtained. 	,• 	-r-' 	- -'--,-+ 	4re •!n di” •1' 

Radiation 
as the dif-
ference be- 
tween the 

4. "When the nature and position of the canister is r,' 
same, the rise of the differential thermometer is always pro• 
portional to the difference between the temperature of the tempera- . 

tare of the 
hot body 
and theair. 

1.4- i anister and that of the air in the room in which the 
experl.rient is made.* 

Effect on 
the thermo- 
meter in-
versely as 
the distance 

5• When the temperature of the canister is the same, 
the effect upon the differential thermometer diminishes as 
the distance of the canister increases from the reflector, the 
focal ball being always understood to be placed in the focus 

lifte
o
c
m
to

t
r
h
.

e re- of the mirror. 	Thus if the rise of the thermometer, when 
the canister was three feet from the mirror, be denoted by 
100, it will amount only to 57 when the canister is removed 
to six feet. 	On substituting a glass mirror for the reflector, 
and a charcoal fire for the canister, when the fire was at the 
distance of 10 feet the thermometer rose 37°, and at the dis- 

- tance of 30 feet it rose 21° t. 	From Mr. Leslie's experi- 
ments it follows, 	that the effect on the thermometer is 
very nearly inversely proportional to the distance of the 
canister from the reflector. 	He found likewise that when 
canisters of different sizes were used, heated to the same 
point, and placed at such distances that they all subtended 
the same angle at the reflector; in that case the effect of 
each upon the differential thermometer was nearly the same. 
Thus a canister of 	

t.s.  . 	‘,.. 	_ 	,..i. 
3 inches at 	3 feet distance raised the thermomek• 50° 

. 4 inches 	- 	4 feet. 	  
6 inches 	- 	6 feet . 	.......................... II" . 

10 inches 	- 10 feet . 	.......................... 	59 

Leslie, p. 14. 	 t Ibid. F 51. 
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P 	m these experiments we learn, tliAt the effect of the Chap. 11. 
ca tier upon the thermometer \—v-1  is nearltproportional to the 
,;tiich'Nhich it subtends, and likewise tf t the heat radiated 

. 	libited. ..? canister suffers no sensible d4ninution during its 
.er)5. V./through the air. 	 A• 
br .. ,4 Aeat radiates from the surface' of hot bodies in all Proportion- 

t 	e -iiirections ; but from Mr. Leslie's itkperiments we learn, sailneo of
th 

the  
l: '-,: the radiation is most copious 771 the direction perpen- inclination 

f 	t e b 1.  • to the surface of the hot be4y. 	When the canister surface  t
o
o
t 

if 	4 in an oblique position t, the reflector, the effect the reflec- 
111;3t. t, 	',,s, anchhe diminutiorlailcreases with the obliquity tor. 
olyca•...- r':•.t' •' 	IV.i-2.../11:Aas shown, that the effect in all 
.0%itions is' proportional to the visual magnitude of the 
anister as seen from the reflector, or to its orthographic 

• projection. 	Hence the action of the heated surface is pro- 
Allportional to the sine of its inclination to the reflector. 	- 
s•Such are the effects of the temperature, the distary. 	and 	. 
Lo' position of the canister with respect to the reflector: 	None 
• of these, except the first, occasiora any variation in the 

quantity of heat radiated, but merely in that portion of it 
which is collected by the mirror and sent to the focal ball; 
but the case is different when the surface of the canister` 
itself is altered. 
• 7. Mr. Leslie ascertained the power of different sub- Radiating 
stoned to radiate, by applying them in succession to a side r"ffeeren"f  t  
of the canister, and observing what effect was produced bodies. 
upon the differential thermometer. 	The f011owing table 
exhibits the relative power of the different substances tried 
by that philosopher, expressed by the elevation of the dif- 
ferential thermometer produced. 

Lamp black. 	 100 Isinglass ... 	80 
Water by estimate 	 100 --1-" Plumbago . 	75 
Writing paper. ...: 	fd8 Tarnished lead . .... 	45 
Rosin  	96 Mercury  	20 + 
Sealing wax . . ,- ... 	95 Clean lead.  	19 
Crown glass. )  	90 Iron polished  	15 
China;ak..  	88 Tin plate 	 .. 	12 
Ice. 	,. 	 85 Gold, silver, copper 	12 
Min" am  	80 

I'rom this table it appears, that the metals radiate much 
worse than other substances, and that tin plate is one of 
the feeblest of the metallic bodies tried. 	Lamp black ra- 
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' Book T. diates more than 	 ht times as much- as this last m 
Division I. 
+..._,.,..--i and crown glass D. times as much. 

8. Such are the 	diating powers of different sub 	9. 

But even when the 	, bstance continues the same, t 
tion is very consi • 	ably modified by apparently 
alterations on its su ace. 	Thus metals radiate m 
perfectly than other , +dies; but this imperfection depend' 
upon 	the brightness 	. nd 	smoothness of their su 
When, by exposure t 	the air, the metal acquir  
tarnish which is usually 	cribed at present to oxi • 

Increased the power of radiating ' 	is greatly i 	ased. 
by tarnish- appears from the 	to 4 	e 	, 	. : preceding ing, 

of lead while bright is only 19 ; but when its surface beco 
tarnished, its radiating power becomes no less than 4,5 
The same change happens to tin, and to all the metals tried."... 

mod When the smoothness of the surface is destroyed by 
scratching 
the surface 

sera 	ng the 	metal, 	its radiating power is increased. 
of metals. _ Thus i 	the effect of a bright side of the canister be 12, it 

will be raised to 22 loy rubbing the side in one direction 
with a bit of fine sand paper.* 	But when the surface is 
rubbed across with sand paper, so as to form a new set of 
furrows intersecting the former ones, the radiating power is 
again somewhat diminished. 

Increases 9. The radiating power of the different substances exa- 
or dimi- 
nishes as mined was ascertained by applying a thin covering of each 
the thick- to one of the sides of the canister. 	Now this coat may vary 
ness of the 
coat in- in thickness in any given degree. 	It becomes a question of 
creases. some importance to ascertain, whether the radiating power 

is influenced by the thickness to a given extent, or whether 
it continues the same whatever be the thickness of the 
covering coat. 	This question Mr. Leslie has 	likewise 
resolved. 	On a bright side of a canister he spread a thin 
coat of liquified jelly, and tur times the quantity upon 
another side ; both dried into very thin films. 	The effect 
of the thinnest film was 38, that of the other 54. 	In this 
case the effect increased with the thickness 	the coat. The 
augmentation goes on till the thickness of 't 	of jelly 
amounts to about 	of an inch 	after which it 	mains math 	; 
stationary. 	When a surface of the canister was 	bbed 
with olive oil, the effect was 51: a thicker coat of of 
duced an effect of 59. 	Thus it appears that when .‘ 

• Leslie, p. 81. 
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in 	llic surface is covered with a coa 	of jelly or oil, the Chap.1I. 
e '; 	is proportional to the thickness I • the coat, till this 

s amounts to a ceitain quantity but when a vitreous 
s covered by very thin coa • of metal, no such 
s perceived. 	A canister was , 	ployed, one of the 

"-v---1  

.of which was a glass plate. 	J  pon this plate were 
lied, in succession, very fine co: . of gold, silver, and. 
• -r leaf. 	But notwithstanding 	-ir thinness, the effect 

	

12, or the same that w. 	d have been produced 
ck coat of these very 	•tals. 	But when glass 

L. 	with 	d is used, the • 	ct is somewhat increased; 
, 	> ry 	. - 	is . 	ess of the metallic coats 

ad have t e same effect as varying the thickness of jelly, 
4rovided they could be procured of sufficient tenuity.* 	As 

long as an increase of thickness alters the radiating power 
of the coat, it is obvious that the surface of the canist 
below exerts a certain degree of energy. 	And the 	on 
exerted by metallic bodies appears to be greater than that 
exerted by vitreous bodies. 	• 

lb. Such are all the circumstances connected with the 
radiating surface 	hitherto observed, which influence its 
power. 	For hitherto• it has been impossible to ascertain 
the efficacy of hardness and softness, or of colour, upon 
radiation ; though it appears, from Mr. Leslie's experi-
ments, not unlikely that softness has a tendency to promote 
radiation. t 	But as the effect, as far at least as measured by 
the differential thermometer, depends not only upon the 
radiating surface, but likewise upon the surface of the focal 
ball, and likewise of the reflector; 'it will be necessary also 
to consider the modifications produced by alterations in the 
surface of these bodies. 	This inquiry, for which, like the 
preceding, we are indebted to Mr. Leslie, will throw con.,  
sidetable light on the naturebf radiation. 

11. When the focal ball is in its natural state, that is to 
say, 	when its surface is vitreous, 	it has been already 

• 

.0 

Surfaces ra- 
d d

b
iate 

b
al

t  
observed, that 	side of the hot canister coated with lamp in the same 
black r • 	thermometer 100°. 	If the experiment be 
repeat 	covering the focal ball with a smooth surface of 
tinfoi

c
, instead of rising to 100°, the thermometer will only 

in11.tate 20°. 	A bright side of the canister will raise the 
thermometer, when the focal basis naked, 12°; but when 

proportion. 

* Leslie, p. 110. 	 t Ibid. p. 00. 
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Book I. 	the ball is covered 	ith tinfoil, the elevation will not ex. 	• . 
Division I. 21, degrees. * 	Fr. i these experiments it is obvious 	'at 

N 
\--v"--)  metal not only rad tes heat worse than glass, but 	4p 

thatit is not nearly r.o capable of imbibing it when 	, 
strike against its s, -face. 	If the surface of the t 	, 
furrowed by rubbing t with sand paper, the effect pre. t•-, 
when the focal ball is xposed in the focus will be constro . 
ably increased.t 	It 	is been already observed tha 
radiating power of tin I likewise increased by scrat 
These facts entitled u- to conclude, that those 
which radiate heat most , • 	erfully, likes 	e abs. 
abundantly when it impinges 	. . 

Reflection 	12. The very contrary holds with respect to the re 
inversely as  tors, as might indeed have been expected. 	Those surfac, radiation. which radiate heat best, reflect it worst ; while the weakest.. -4 

--, 	diating surfaces are the most powelfit/ reflectors. 	Metals 
of t, 	rse are much better reflectors than glass. 	When  a 
glass 	irror was used instead of the tin reflector, 	the 
differential thermometer rose only one degree; upon coating 

' 

. 	the surface of the mirror with lamb black, all effect was 
destroyed; when covered with a sheet of tinfoil the effect 
was 10° f.  

Reflecting 	To compare the relative intensity of different substances 
power of 	as reflectors, Mr. Leslie placed thin smooth plates of the various bo- 
dics. 	substances to be tried before the principal reflector, and 

nearer than the proper focus. 	A new reflection was pro- 
duced, and the rays were collected in a focus as much 
nearer the reflector than the plate as the old focus was far- 

1 

. 	Cher distant. 	The comparative power of the different 
substances tried was as follows: §— 
Brass 	  100 	Lead .  	60 
Silver  	90 	Tinfoil softened by mercury 10 
Tinfoil.  	85 	Glass    10 
Block-tin .  	80 	Ditto coaxed with wax or oil 	5 
Steel .  	70 

When the polish of the reflector is desiNyed b rubbing 
it with sand paper, the effect is very mu 	'inished. 
When the reflector is coated over with a solution 	jelly, 
the effect is diminished in proportion as the thickness 'if the 
coat increases, till its diameter amounts to T-ATT,th par, of 

• Leslie, p. 19. 	1-  Ibid. p. 81. 	/ Ibid. p. 	Q. 
4  Ibid. p. 98. 
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an 	ch. 	The following table exhibits he intensity of the Chap. II. 
or coated with jelly of various de; -es of thickness.* 	"—Ne-1  

Thickness of coat. 	 Effect. ts Naked reflector  	.. 127 
, 98 400000 	  

 	93 001000 

, 87 , 	 50000  	 1 
P 

1  	61 u0000 	 

11 
I 	 39 1 0 0 co 0   .   	c)9 

Ill 500 %  — 	0  	21 
o 

i All 

i 010 4,  	15 

these phenomena are precisely what might have been 
, 	expected, on the supposition that the intensity of reflection WO 

is inversely that of radiation. 	Mr. Leslie has shown 
it is the anterior surface of reflectors only that act 	For 
when a glass mirror is employed, its power is not altered 
by scraping off the tin from its back, nor by grinding the 

1 	posterior surface with sand or emery.* 
13.  

far as 
Such are the phenomena of the radiation of heat as x‘' 
the radiating surface, the reflector, and the focal ball 

are concerned. 	It cannot be doubted from them, that heat 
is actually radiated from different surfaces, and that bodies 
vary considerably in their radiating power. 	We have seen 
also that substances differ no less from each other in their 
Power of reflecting heat, and that the intensity of the latter 
power is always the inverse of the intensity of the former. 
Before we can be able to form a judgment of the way in 
which the heat is conveyed in these cases, it will be neces- 
sary to examine the effect of the different mediums in which 
the radiation may take place, ilnd the obstructions occasioned 
by putting different substances between the radiating surface 
and the reflector. Both of these points have been examined 
by Mr. Leslie wt 	his usual acuteness. 

14.  In all c 	mon cases, the medium through which the Radiation 
heat 

	

laee 	- is 	mit 	ed is the air ; and from Mr. Leslie's experi-o tankles
yinpeW- 

ments appears, that no sensible radiation can be observed tic =di- 
' whe the canister, reflector, and differential thermometer, ums. 

ar 	plunged into water. 	Hence he concludes, that no 

ji 	

radiation takes place except when the radiating body is 

* 1,,esliebp. 106. 	 t Leslie, p. 21. 
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Book I. 	surrounded with 	it elastic medium. 	But the expel.' 	is 
Div's=  ' which he adduces ire scarcely sufficient to decide the 	Int. 

Substances cool s Cast when plunged into water, t 	,,s 
is scarcely time fo . the thermometer to be affect 
besides, the heat c nld scarcely accumulate in the 

• in such quantity as 	1 occasion a sensible rise. 	6-- 	,(),% 
Heat radiates thr zigh all the gaseous bodies tried ; and , 

	

. from Mr. Leslie's ex wiments, it does not appear th 	.e 
rate of radiation is 	Ich influenced by altering 	e sur- 
rounding medium. 	'3 rate is the same, at le 	in air  0  
and hydrogen gas ; an 	x gen and a 	tic ga 	p 	tof 

Diminished have the same properties in t 	as 
by rarcfac- has shown also that the rarefaction of the surroundin 	t 
lion. 

diminishes somewhat the radiating energy of surfaces ; bt ! 
the radiation diminishes at different rates in different gases: 4! 

.... 	,The following 	table, calculated from his trials, shows, 
according to him, the diminution of the power of radiation 
in air and hydrogen gas of different degrees of rarity. 

AIR. HYDROGEN. 
. 

Rarity. Radia 
Glass. 

ion of 
Metal. 

Radia 
Glass. 

ion of 
Metal. . 

1 5714 .714 5714 714. 

2 5519 690 5584 698 

4 5332 667 5456 682 

. 8 5150 644 5331 666 

16 4975 622 5210 651 

32 4805 661 5091 637 

64 4641 580 
40.....  

4974 622 . 

128 4483 560 4861 %\',608 

256 4331 542 4750 594 

512 4183 523 4641 580 

1024 4041 505 4538 .567 

   
  



• HEAT. 4; 

Su 	is the effect of different mediums 	s far as they have Chap. 11. 
bee 	xamined by Mr. Leslie ; but t • experiments on -̀--Ne—I  

) r;',.tlich 	' conclusions were founded wo 	. require to be re- 
ted. 

en a substance is interpos= 	by way of screen Intercep- 
P41, 	the hot canister and the r:ector, the effect is 

either diminished or destroyed alto ether, according to 
tive 
of a 

p
sc
o

re
we

ers4 

cir'ettmstances. 	These circumstanc, 	have been examined 
by Mr. Leslie with great sagacity. 	Indeed, the develop- 
ment of the effect of screens cons 	utes perhaps the most 

\ curious at -1 imp 	tant part of 	•- . hole work. 	A screen 
• "V and 	a. i. 	. -at three ways : 	1. By its dis- 

t- 

	

	e from the hot canister ; 2. By its thickness : and, S. 
the nature of the substance of which it is composed. 

..et us take a view of each of these in succession. 
First, From all Mr. Leslie's trials, it appears that a 

screen diminishes the effect of radiation upon the pfer-
ential thermometer situated in the focus of the reflector, in 
proportion to its distance from the canister. 	When placed 
very near the canister, the effect is comparatively small; 
but it increases rapidly as the screen is drawn away from Increases 
the canister; so that the elevation of the differential ther- wtainthc:tfsrodrni" 
mometer is soon prevented altogether. 	When the canister the hot bo- 
is at the distance of three feet from the reflector, if the side 
painted with lamp black produce an effect equivalent to 

dYP 

100, this effect upon interposing a pane of glass at the dis-
tance of two inches from the canister will be diminished to 
20. 	When the pane is advanced slowly forward towards 
the reflector, the effect of the radiation gradually dimi-
nishes; and when it has got to the distance of one foot from 
the screen, the radiation is completely intercepted.* 

Second, When a screen of thin deal board is used instead 
of the pane of glass, and placed at the distance of two 
inches from the canister, the radiation is diminished, and And with 
the diminution is 	proportional to the thickness of the 
board.  

it s 	ick- 
acis.

th  

. 	-., a board 4, . inch thick the effect is 20 
	  ./. inch 	15 
1: 	

1 inch 	  9 	. . 	 

'aLeslie, p. 28. 
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Book I. Thus the radiatio Idiminishes very slowly as the thic 	ess 
Division  I. 
•---.,,,..0 

In- 	lo creases. 	 ,A7 

Radiated Third, When . f.' sheet of tinfoil is substituted 	r the..) 
heat in:er- 
ceted by p 
all  solids. 

glass pane, and p - into the same position, the e ect, Ili- , stead of 20, 'is red q:ed to 0 ; and this happens how 	er l  . :  
the tinfoil is; even',old leaf of the thickness of  •Ti, l*- --A j,/ 

part of an inch, though pervious to light, completely stops 
the progress of radia6pg heat. 	When a sheet of writriug 
paper is substituted for tinfoil, the effect is 23.t 	Thus it 
appears, that substanc ,.vary considerably from each other 
in their property of in 	epting radiati 	heat;i: and like-; 
wise that the power of interc 	• 	a 	...• is •- 	r2rilely t. 	' 

• power of radiating it. 	Those substances which ra 
most heat„ intercept the least of it when in the situation 
screens; and those which radiate the least heat, on the,.,. 

- contrary, intercept the most. But it was formerly observed, 
thrtt-the power of absorbing heat was the same with that of 
radiating it. 	Hence those substances which absorb least 
heat are the most powerful interceptors of it, and the con- 

. Vary.  
These facts lead naturally to the opinion, that the pro- 

. 	' perty of absorbing heat depends upon the  surface  of the 
substance which is interposed as a screen ; an opinion "which 
Mr. Leslie has established by the following experiments. 
He took two panes of glass,, and coated one side of each 
with tinfoil, leaving the other side bare. 	These two panes 
were pressed together ; the tinned side of each being out-
most, and applied as a screen at two inches distance from 

- the canister. 	The whole of the rays of heat appeared to 
be intercepted, for the thermometer was not acted upon at 
411. 	But when the glass side of the screen was outmost, 
the effect of radiation was equivalent to 18. 	Here we find 
the very same screen, in the Very same position, intercept-
ing very different proportions of the radiated heat, accord- 
ing to the nature of its external surface. 	When the tin 
was outmost, the whole heat was stoppetil; but when the 
glass was outmost, about ÷th passed on to Ale reflector. 
The effect was analogous when two sheets of ti.:1, each 
painted on one side with a thin coat of lamp black, were 

-,. 
• Leslie, p. 38. 	 -t I Lid. 
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tri-Voy.ed as a screen, and . placed tW-,4 inches from the Chap. 11. 
canister. 	Pressed together, and haviny; their metal sides 
outint.iit, the radiation produced no erAcct upon the ther-
tnometcy ; but when the blackened sidit, were outmost, the 
eiket R-as equivalent to 23. 	When oviy one of the plates 
id usgO, and its blackened side turne,1 to the canister, the 
effect is equal to 4. 	If the two plates be used with their 
blackened sides outmost, and at the?distance of two inches 
from each other, all effect is destroied. 

16. But the subsequent experiments of M. De la. Roche 
have sonywhat modified the consmuences which appeared to 
tcllol:v from thy: veil iocrpy'vus experiments of Leslie, and 

—̀"\e"--/  

In;ow a much greater analogy between the radiation of light 
'4-.nd heat than that philosopher had supposed. 	De la 
Roche found that radiant heat in some cases passes directly 
through glass : that the quantity of radiant heat which 
passes directly through glass is so much greater relative to 
the whole heat emitted in the same direction, as the tem-
perature of the source of heat is mop elevated : that calo-
rific rays, which have already passed through a screen of 
glass, experience in passing through a second glass screen 
of a similar nature a much smaller diminution of their 
intensity.than they did in passing through the first screen: 
that rays emitted by a hot body differ from each other in 
their faculty of passing through glass : that a • thick glass, 
though as much or more permeable to light than a thin 
glass of a worse quality, allows a much smaller quantity of 
radiant heat to pass; but the difference is so much the less 
as the temperature of the radiating source is more elevated: 
and that the quantity of heat which a hot body yields in a 
given time by radiation to a cold body situated at a dis-
tance, increases, cwteris paribus, in a greater ratio than the 
excess of temperature of the first body above the second.t 

These experiments'of De la Roche, supposing them cor-
rect, destroy the conclusions deduced from Mr. Leslie's 
observations, that there is an 	essential difference between 
the radiation of light and of heat. 	There would appear on Analogy 
the contrary to be a close analogy between them. 	The bh 

 c
e 

 t
a  wt and 

hypot'iesis of Mr. Leslie that the radiation of beat is owing 
to aerial vibrations, similar to the propagation of sound, 

light. 

* Leslin, p. 35. 	 t Annals of Philosophy, ii. 100. 
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	 I3I3'ONDEILABLE BODIES. 

Book I. cannot be admittet, because it is inconsistent 	with ',the.  
Divn I. experiments of De: la Roche. 	It would not be .urpri'sing 
\---""---1  if the power of prqAtcing heat and light were propeviies of 

the same substanc 	It may produce light wherf acting 
with a certain intosity, or when the particles follow each 
other at certain Edited intervals. 	When these intervals 
are changed heat may be produced. 	It is even conceivable 
that those'rays which are invisible to our eyes, and which 
therefore we are accustomed to consider as pure caloric, 
may produce an illuminating effect upon the eyes of some 
other animals. 

II. CONDUCTION OF HEAT. 

1. If we put the end of a bar of iron, 20 inches long, into 
a common fire, while a thermometer is attached to the 
other extremity, 4 minutes elapse before the thermometer 
begins to ascend, and 15 minutes by the time it has risen 
15°. 	In this case, 	the caloric takes 4 minutes to pass 
through a bar of iron 20 inches long. 	When caloric passes 
in this slow manner, it is said to be conducted through 
bodies. 	It is in this manner that it usually passes through 
non-elastic bodies ; and though it often moves by radiation 
through elastic media, yet we shall find afterwards that it is 
capable of being conducted through them likewise. 

Conducting 2. As the velocity of caloric, when it is conducted through 
riZelerdex- bodies, 	is greatly retarded, 	it is clear that it does 	not 

move through them without restraint. 	It must be detained 
for some time by the particles of the conducting body, and 
consequently must be attracted by them. 	Hence it follows 
that there is an affinity or attraction between caloric and 
every conductor. 	It is in consequence of this affinity that 
it is conducted through the bctly. 

3. Bodies then conduct caloric in consequence of their 
affinity for it, and the property which they have of combin- 
ing indefinitely with additional doses of it. 	Hence the 
reason of the slowness of the process, or, which is the same 
thing, of the long time necessary to heat or' to cool a body. 
The process consists in an almost infinite number of repeat-
ed compositions and decompositions.  

4. We see, too, that when heat is applied to one extre- 
mity of a body, the temperature of the strata of that body 
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HEAT. 	 4.9 
must 	_Jrninish equably, according to the/)r distance frdm the Chap. It. 
Source of 'heat. 	Every person must ljkve observed that 	1 /4----v—s. 
this is 'always the case. 	If, _for instances; we pass our hand 
along to? iron rod, one end of which is lhe1d in the fire, we 
shall perceiye, it 	temperature gradually diminishing from 
the end in the fire)%which is hottest, to the other extremity, 
which is coldest. 	Hence the measure of the heat trans- 
mitted must always be proportional to the excess of tern-.  • 
perature communicated to that side of the conductor which 
is nearest the source of heat. 

5. The passage of caloric through a body by its conduct- Has a limit. 
ing power must have a limit; and that limit depends upon 
the number of doses of caloric with which the stratum of the 
body nearest the source of heat is capable of combining. 
If the length of a body be so great that the strata of which 
it is composed exceed the number of doses of caloric with 
which a stratum is capable of combining, it -is clear that 
caloric cannot possibly be conducted through the body; 
that is to say, the strata farthest distant from the source of 
heat cannot receive any increase of temperature. 	This 
limit depends, in all cases, upon the quantity of caloric 
with which 	a 	body is capable of combining before it 
changes its state. 	All bodies, as far as we know at present, 
are capable of combining indefinitely with caloric; but the 
greater number, after the addition of a certain number of 
doses, change their state. 	Thus ice, after combining with 
a certain quantity of caloric, is changed into water, which 
is converted in its turn to steam by the addition of more 
caloric. 	Metals also, when heated to a certain degree, 
melt, are volatilized, and oxidated: wood and most other 
combustibles catch fire, and are dissipated. 	Now when- 
ever as much caloric has combined with the first stratum of 
a body as it can receive without changing its state, it is 
evident that no more' caloric can enter the body ; because 
the next dose will dissipate the first stratum. 

6. As to the rate at which bodies conduct caloric, that 
depends upon the specific nature of each particular body; 
the best conductors conducting most rapidly, and to the 
greatest distance. 	The goodness Of bodies as conductors 
appears to be in some measure dependent upon their den-
sity: but not altogether, as the specific affinity of each for 
caloric must have considerable influence. 	When bodies 

VOL. I. 	 F. 
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	 BODIES. 

Book I. are arranged into sets, we may lay it down as a general rule 
Division I. that the densest set.; conduct at the greatest rate_ .-*Thus the 

metals conduct at aAgreater rate than any other bodies. But 
in considering the ? ndividuals of a set, it is not alVays the 
densest that conduces best.  

7. As bodies conduct caloric in confequence of their 
affinity for it, and as all bodies have an affinity for caloric, 
it follows as a consequence, that all bodies must be con-
ductors, unless their conducting power be counteracted by 
some other property. 	If a body, for instance, were of such 
a nature that a single dose of caloric sufficed to produce a 
change in its state, it is evident that it could not conduct 
caloric; because every row of particles, as soon as it had 
combined with a dose of caloric, would change its place, 
and could hot therefore communicate caloric to the strata 
behind it. 

All solids 8. All solids arc conductors; because all solids are cape- 
conductors. ble of combininan  with various doses of caloric before they 

change their state. 	This is the case in a very remarkable 
degree with all earthy and stony bodies ; it is the case also 
with metals, with vegetables, and with animal matters._ 
This, however, must be understood with certain limita- 
tions. 	All bodies are indeed conductors ; but they are not 
conductors in all situations. . Most solids are conductors at 
the common temperature of the atmosphere; but when 
heated to the temperature at which they change their state, 

`they  are no longer conductors. 	Thus at the temperature 
of 60°  sulphur is a conductor; but when heated to 218°, or 

• the point at which it melts pr is volatilized, it is no longer 
a conductor. 	In the same manner ice conducts caloric 
when at the temperature of 20°, or any other degree below 
the freezing 'point; 	but ice at 32° is not a conductor, 
because the addition of caloric causes it to change its 
state. 

9. With respect to liquids and gaseous bodies, it would 
appear at first sight that they also are all conductors; for 
they can be heated as well as solids, and heated too con- 
siderably without sensibly changing their state. 	But fluids 
differ from solids in one essential particular: their particles 
are at full liberty to move among themselves, and they obey 
the smallest impulse; while the particles of solids, from the 
very nature of these bodies, are fixed and stationary. 	One 
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of asis,banges which caloric produces (3,1 bodies is expan- Chap. jl. 
lion, or inurease of bulk; and this iir.rease is attended 
with a proportional diminution of specifip gravity. 	There- 
fore, whenrer caloric combines with a Ltratum of particles, 
the whole sloliam becomes specifically lighter than the 
other particles. 	...Fhis produces no change of situation in 
solids; butt in fluids, if the heated stratum happens to be 
below the'other strata, it is pressed upwards by them, and 
being at liberty to move, it changes its place, and is buoyed 
up to the surface of the fluid. 

•."-•,--) 

In fluids, then, it makes a very great difference to what Fluids carry 
part of the body the source of heat is applied. 	If it be 
applied to the highest stratum of all, or to the surface of the 
liquid, the caloric can only make its way downwards, as 
through solids, by the conducting power of the fluid : but 
if be applied to the lowest stratum, it makes its 	way 
upwards, independent of that conducting power, in con-
sequence of the fluidity of the body and the expansion of 
the heated particles. 	The lowest stratum, as soon as it 
combines 	with 	a dose 	of caloric, becomes 	specifically 
lighter, and ascends. 	New particle's approkh the source of 
heat, combine with caloric in their turn, and are displaced. 

caloric. 

In this manner all the particles come, one after another, to 
the source of heats; of course the whole of them are heated 
in a very short time, and the caloric is carried almost at 
once to much greater distances in fluids than in any solid 
whatever. 	'Fluids, therefore, have the property of carrying 
or transporting caloric; in consequence of which they ac-
quire heat independent altogether of any conducting power. 

10. 	The carrying power of fluids was first accurately 
examined by Count Rumford. 	This ingenious philosopher 
was so struck with it the first time he observed it, that he 
was led to conclude, that it is by means of it alone that 
fluids acquire heat, add that they are altogether destitute of 
the property of conducting caloric. 	In a set of experi- 
ments on the communication of heat, he made use of ther- 
mometers of an uncommon size. 	Having exposed one of 
these (the bulb of which was near four inches in diameter) 
filled with alcohol to as great a heat as it could support, he 
placed it in a window to cool, where the sun happened to be 
shining. 	Some 	particles of dust had by accident been 
mixed with the alcohol : these being illuminated by the sun, 

E 2 
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Plok I. 	became perfectly 'risible, and discovered 	that tic-iwitole 
Division'. 

	

	 ., 
liquid in the tubc;,of the thermometer was in :'most rapid. 
motion, running Wiftly in opposite directions upwards acid 
downwards at the Flame time. 	The ascending current occu- 
pied the axis, the descending current the F:r1'.s.a.;)f the tube. 
When the sides of the tube were coole,t by means of ice, 
the 'velocity of both currents was accelerated. 	it diminish- 
ed as the liquid cooled; and when it had acquired the tem- 
perature of the room, the motion ceased altogether. 	This 
experiment was repeated with linseed oil, and the result 
was precisely the same. These currents were evidently pror  
duced by the particles of the liquid going individually to 
the sides of the tube, and giving out their caloric. 	The 
moment they did so, their specific gravity being increased, 
they fell to the bottom, and of course pushed up the 
warmer part of the fluid, which was thus forced to ascend 
along the axis of the tube. 	Having reached the top of the 
tube, the particles gave out part of their caloric, became 
specificallyheavier, ail tumbled in their turn to the bottom. 

As these internal motions of fluids can only be discovered 
by mixing with them bodies of the same specific gravity 
with themselves, and as there is hardly any substance of 
the same specific gravity with water which is not soluble in 
it, Count Rumford had recourse to the following ingenious 
method of ascertaining whether that fluid also followed the 
same law. 	The specific gravity of water is increased con- 
siderably by dissolving any salt in it; he added, therefore, 
potash to water till its specific gravity was exactly equal to 
that of amber, a substance but very little heavier than pure 
water. A number of small pieces of amber were then mixed 
with this solution, and the whole put into a glass globe with 
a long neck, which, on being heated and exposed to cool, 
exhibited exactly the same phenomena with the other fluids. 
A change of temperature, amounting only to a very few 
degrees, was sufficient to set the currents a-flowing; and a 
motion might at any time be produced by, applying a hot 
or a cold body to any part of the vessel. 	When a hot 
body was applied, that part of the fluid nearest it ascended; 
but it descended on the application of a cold body. 

These observations naturally led Count Rumford to exa-
mine whether the heating and cooling of fluids be not very 
much retarded by every thing which diminishes the fluidity 
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Of th;:vs. bodies. 	He took a large linse‘'!CI-oil thermometer Chap, II. 
with a copfAr bulb and glass tube : thy: bulb was placed 
e.,-Ctly in the centre of a brass cylinden; so that there was 
avoid spae between them all around 0.25175 of an inch 
thick. 	Thqva•mometer was kept in its place by means of 
four wood& pins iprojirting from the sides and bottom of 
the cylinch,l.', and by the tube of it passing through the 
cork stopper of the cylinder. 	This cylinder was filled with 
pure wateq: then held in melting snow till the thermometer 
fell to 32°, and immediately plunged into a vessel of boiling 
water. 	The thermometer rose from 32° to 200°  in 597". 

-"--•,--1  

It is obvious that all the caloric which served to raise the 
thermometer must have made its way through the water in 
the. cylinder. 	The experiment was repeated exactly in the 
same manner; 	but the 	water in the 	cylinder, which 
amounted to 2276 grains, had 192 grains of starch boiled 
in it, which rendered it much less fluid. 	The thermometer 
now took 1109" to rise from 32° to 200°. 	The same expe- 
riment was again repeated with the mite quantity of pure 
water, having 192 grains of eiderdown mixed with it, which 
Would merely tend to embarrass the motion of the particles. 
A quantity of stewed apples were also in another experi- 
ment put into the cylinder. 	These substances retarded the 
rate of cooling rather more than the starch. 

Now the starch and eiderdown diminished the fluidity of 
the water. 	It follows from these experiments, that 44  the 
more completely the internal motions of a liquid are im-
peded, the longer is that liquid before it acquires a given 
temperature." 	Therefore, when heat is applied to liquids, 
they acquire the greatest part of their temperature, in com- 
mon cases, by their carrying power. 	If liquids then be 
conductors, their conducting power is but small when com-
pared with their carrying power. 

All liquids, howevel., are capable of conducting caloric; And con- 
for when the source of heat is applied to their surface, the 
caloric gradually makes its way downwards, and the tempe-
rature -of every stratum gradually diminishes from the sur- 
face to the bottom of the liquid. 	The increase of tempera- 
ture in this case is not owing to the carrying power of the, 
liquid. 	By that power calorie may indeed make its way 
upwards through liquids, 	but ctrtainly not 	downwards. 

duct it. 

Liquids, then, arc conductors of caloric. 

   
  



51 IIIIN.iNDERABLE BODIES. 
l. 

Book I. 11. If we take a bar of iron and a piece of stone -:''`equal 
Division I. dimensions, and, plating one end of each into the'fire, apphi 
Relative. either thermometeil or our hands to the other, we sh.1 
conducting find the extremity of the iron sensibly hot loneefore that 
powers of 
bodies. 

of the stone. 	Caloric therefore is not ce-.t.24-c'zed through 
all bodies with the same celerity &id -gage. 	'Those that 
allow it to pass with facility, are called good t,‘onductors ; 
those through which it passes with difficulty, areZtalled bad 
conductors. 	 C.  

The experiments hitherto made on this subject are too 
few to enable us to determine with precision the rate at 
which different bodies conduct caloric. 	The subject, how- 
ever, is of considerable importance, and deserves a thorough 
investigation. 

Of metals. 12. Metals are the best conductors of caloric of all the 
solids hitherto tried. 	The conducting powers of all, how- 
ever, are not equal. 	Dr. Ingenhousz procured cylinders of 
several metals exactly of the same size, and having coated 
them with wax, he plunged their ends into hot water, and 
judged of the conducting power of each by the length of 
wax-coating melted. 	From these experiments he conclu-
ded, that the conducting powers of the metals which he 
examined were in the following order.* 

Stones. 

Silver, 
Gold, 
Copper, 
Tin, 	}nearly equal,  

Platinum, 
Iron, 
Steel, 	much inferior to the others. 
Lead, 

13. Next to metals, stones seem to be the best conduc- 
tors; 	but this property varies considerably in different 
stones. Bricks are much worse conductors than most stones. 

Glass. 14. ‘Glass seems not to differ much from stones in its con- 
ducting power. 	Like them, it is a bad conductor. 	This 
is the reason that it is so apt to crack on being suddenly 
heated or cooled. 	One part of it, receiving or parting 
with its caloric before the rest, expands or contracts, and 
destroys the cohesion. 

* Jour. de Phys. 1189, p. 68. 
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1:-..1•Text to these come diied woods. 	Mr. Meyer* has Chap. II. 
.nade a se-i,hof experiments on the conducting power of a \--v---d 
ctsiderable number of woods. 	The result may be seen in Woods. 
the followiA,g table, in which the conducting power of water 
is supposed)'7,- .7.:-2 , el! 	. 	 Conducting Bodies. 	 Power. • • 

VV,;.  ter. 	  = P00 
Dids-Pyrus ebenum. 	 . — 2.17 
Pyrus malus 	  = 2'74 
Fraxinus excelsior. 	  = 3'08 
Fagus sylvatica 	  = 3/1  
Carpinus betulus 	  = 3'23 
Prunus domestica    = 3'25 
Ulmus 	• 	   = 3'25 
.Quercus robur pedunculata 	 .. = 3'26 
Pyrus communis .. : .   — 3.32 
Betula alba. 	  = 3'41 
Quercus robur sessilis 	c, 	 = 3'63 
Pinus picea. 	  = 3.75 
Betula alnus 	  = 3'84 
Pinus sylvestris . 	 .... = 3.86 
Pinus abies 	  = 3'89 
Tilea Europiea 	  = 3.90. 

Charcoal is also a bad conductor : according to the ex- 
periments of Morveau, its conducting power is to that of 
fine sand : : 2.: 3.1- 	Feathers, silk, 	wool, and hair, 	are 
still worse conductors than any of the substances yet men- 
tioned. 	This is the reason that they answer well for arti- 
cles of clothing. 	They do not allow the heat of the body 
to be carried off by the cold external air. 	Count Rumford 
has made a very ingenious set of experiments on the con- 
ducting power of thfse substances.$ 	He ascertained that 
their conducting power is inversely as the fineness of their 
texture. 

16. The conducting power of liquid bodies has not been 

isc
i
c
e
t
a
i
c
=1, 

Relative 
examined with any degree of precision. 	I find by experi- co:duct

Of
ing 

p WerS 
ment, that the relative conducting powers of mercury, 
water, and linseed oil, are as follows 

liquids. 

' Ann, de Chim. xxx. 32. 	 f Ibid, xxvi. 2f25. 
I Phil. Trans. 1792. 
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Eook 1. 

Di
''....

vision
7. 

1.
1 

I. EQUAL.  BULKS. 

Water 	 = 1 

Mercury 	 = 2 	Ar 
Linseed oil 	 = Li ia:.,,,..J 

3, 	b. 
II. EQUAL WEIGHTS. 	74. t 
Water    = 1 	11 

'Mercury 	 — 4•8 
Linseed oil 	 = P085 

Of gases. 	17. With respect to gaseous bodies, it is well known that 
bodies cool much more slowly in them than in liquids. 	But 
as the cooling of hot bodies in gases is produced by a va- 
riety of causes besides the conducting power of these fluids, 
it is difficult to form an estimate of their relative intensities 
as conductors from the time that elapses during the cooling 
of bodies in them. 	Count Rumford found that a thermo- 
meter cooled nearly font- times as fast in water as in air of 
the same temperature; but no fair inference can be drawn 
from that experiment, as it is known that the rate of cool- 
ing , varies with 	the temperature much more in water 
than in air.* 	The same philosopher ascertained, that rare- 
faction diminished the conducting power of air, and that 
hot bodies cool slowest of all in a TorriCellian vacuum. 
Mr. Leslie was enabled, by the delicacy of his instruments, 
to examine the conducting power of gases with more pre- 
cision than had been previously done. 	The following are 
the facts which he ascertained. 

The conducting power of all gases is diminished by rare- 
faction. He has endeavoured to deduce from his experi- 
ments, that the conducting power of air is nearly propor- 
tional to the fifth root of its-dmsity. 	But Mr. Dalton has 
rendered it probable that it varies nearly as the cube root of 
its density. 

Vapours of all kinds, and every thing that has a tendency 
to dilate air, diminish its conducting power. 

The conducting powers of common. air, oxygen, and 
azote, are nearly equal. 	The conducting power of car- 
bonic acid gas is rather inferior to that of air; but bodies 

* Phil. Trans, 1786. 
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cool -in hydrogen gas more than twice as fast as in common" Chap. II. 
air. 	By analysing the process of cooling, and ascertaining .'"'N"")  
tl?at the radiation is the same in air and hydrogen gas, Mr. 
Leslie hzs rendered it probable that the conducting power 
of this gash f? it times as great as that of air.* 

Mr. Dyton lii s lately investigated the rate of cooling of 
hot boc:;,e,s in different gases. 	He filled a strong phial with 
the gas O. be examined; .introduced into it a delicate ther-
mometer through a perforated cork, and observed the time 
it took to cool 1.5° or 20°. 	The following table exhibits 
the result of his trials.t 

Gases. 	 Time of Cooling. 
Carbonic acid, 	  112" 
Sulphureted hydrogen, 
Nitrous oxide, 	• . • . 100+ 
Olefiant gas, 
Common air, . 
Oxygen,   100 
Azotic gas, 	0 

Nitrous gas, 	• 	 90 
Gas from pit-coal,  	70 
Hydrogen gas . . . 	40 

SECT. III. 
• 

OF THE EQUAL DISTRIBUTION OF TEMPERATURE. 

WE have seen, in the preceding Section, that caloric is 
capable of moving through all bodies, though with differ- 
ent degrees of facility. 	The consequence of this property 
is a tendency which it has to distribute itself among all con-
tiguous bodies in such a manner, that the thermometer in-
dicates the same temperature in all. 

1. We can easily increase tile temperature of bodies, 
whenever we choose, by exposing them to the action of our 

Contiguous 
sbu°dmieestahs; 

artificial fires. 	Thus a bar of iron may be made red hot by same tem..' 
perature. 

* Leslie's Inquiry into the Nature of Heat, p. 473. 
1 Dalton's New System of Chemical Philosophy, p. 1,17. 
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Book I. keeping it a sufficient time in a common fire : but if we 
t...

. 
on take it from the fire, and expose it to the open -..ir, it doeS 

not retain the heat which it had received; but becorno 
gradually colder and colder, till it •arrives at Olt: tempe 
rature of the bodies in its neighbourhood, ---od the other 
hand, if we cool down the iron bar, by Iteping [•i. for 50MC 
time covered with snow, and then carry it into d,  warm 
room, it does not retain its low temperature, butoecomes 
gradually hotter, 	till it acquires the temperature of the 
room. 	Thus it appears that no body can retain its high 
temperature while surrounded by colder bodies, nor its low 
temperature while it is surrounded by hotter bodies. 	The 
caloric, however combined at first, 	gradually distributes 
itself in such a manner, that all contiguous bodies, when 
examined by the thermometer, indicate the same tempe- 
rature. 	These changes occupy a longer or a shorter time, 
according to the size or the nature of the body; but they 
always take place at last. 

This law is familiar :.$3 every person. 	When we wish to 
heat any thing, we carry it towards the fire; when we wish 
to cool it, we surround it by cold bodies. 	The caloric in 
this last case is not lost ; it is merely distributed equally 
through the bodies. 	When a number of substances are 
mixed together, some of them cold and some of them hot, 
they all acquire the same temperature ; and this new tem-
perature is a mean of all the first temperatures of the sub- 
stances. 	Those which were hot become colder, and those 

. which were cold become hotter. 	This property of caloric 
has been called by philosophers the equilibrium of caloric; 
but it might with greater propriety be denominated, the 
equal distribution of temperature: 

Law of the 2. From the experiments of Kraft and Richmann,* made 
heating and 
cooling 
bodies. of 

with much precision, and upon a great number of bodies, 
thefollowing general conclusion has been drawn. " When 
a body is suspended in a medium of a temperature differ-
ent from its own, the difference between the temperature 
of the body and the medium diminishes in a geometrical 
ratio, while the time increases in an arithmetical ratio." 
Or, " In given small times the heat lost is always propor- 

Nov. Comm. Petrop. i. 195. 
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tional to the heat remaining in the body." 	This law had Chap, II. 
been first suggested by Sir Isaac Newton, who calculated 
by means of it several temperatures above the scale of ther-
inometefsT 

`..-Ne---" 

From th^kr--1, 	experiments of Delaroche, which seem to 
lutvekheetilmadei'vith very great care, it appears that this 
law is ett.15 an approximation to the truth. 	At all tempe- 
fatures blow 212° it is sufficiently near ; but the error in-
creases as the temperature augments, and at last becomes 
very great. 

The caloric which leaves hot bodies till they are reduced 
to the temperature of the substances around them, is partly 
conducted away by the surrounding mediumppartly ab-
stracted by currents produced in that medium (supposing it 
fluid), and partly radiates from the surface of the hot body. 
The process of cooling, both in air and in water, has been cooling de. 
analysed with much address and success by Mr. Leslie, 
though he has neglected to notice the labours of his pre- 
decessors in that investigation. 	The following facts have 
been ascertained. 

Pelids on 

The effect of the condUcting power depends upon the The con- 
medium, and is therefore constant, supposing the tempe- 
ratttres and the medium constant; but it gradually dimi-
nishes as the temperature of the hot body approaches that 
of the medium. 

ein d
power, 

The effect of radiation depends upon the surface of the The radia- 
hot body, and'is therefore constant when the same surface 
is heated to the same degree: but, like the conducting 
power, it diminishes as the hot body approaches to the 
temperature of the medium. 

(ion,  

That portion of the medium which is in contact with the And cur- 
hot body, receiving a certain portion of its heat, acquires a 
different density, and in consequence gives place to a new 
portion, which, being heated in its turn, follows the pre-
ceding portion ; and in this manner a current is produced, 
which very much accelerates the rate of cooling. 	It is 
obvious, that the velocity of this current will be the greater 
the higher the temperature of the hot body is. 	Hence the 
effect of these artificial -  currents will diminish as the tem-
perature of the hot body approaches that of the medium. 

rms* 

If these currents be artificially increased, it is obvious 
that the rate of cooling will be proportionably accelerated. 

5 
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Book J. 	Hence the effect of winds in cooling hot bodies. 	From 
Division I. Mr. Leslie's experiments it appears that, other things beim,- 
"--v--1  the same, the rate of cooling is always proportional to tl; 

velocity of the current, or, which is the same thipg, to the 
velocity with which the hot body moves dom- h the cold 
medium. 	Thus a hot ball, that in calm p,:ir cooi;N:1 dqwn a 
certain number of degrees in 120', when inovk d, in the 
same air with different velocities, lost the same cfv,:mtity of 
heat in times which diminished as the velocity increased, 
as will be obvious from the following table : 

Velocity. 	 Timc of cooling. 
61 feet per second 	 60' 

• 20   so 
60. 	  12 • . 

When the ordinary influence of cooling is deducted, the 
acceleration of cooling in these degrees is found to increase 
exactly as the velocity, 

Attempts to 	4. As soon as it wai discovered that contiguous bodies 
explain the 
equ i libri um  assume the same temperature, various attempts were made 
of heat. 	by philosophers to account for the fact. 	De Mairan, and 

other writers in the earlier part of the 18th century, ex-
plained it, by supposing that caloric is a fluid which per-
vades all space, and that .bodies merely float in it as a 
sponge does in water, without having any affinity for it 
whatever. 	The consequence of all this was a constant ten- 
dency to an equality of density. 	Of course, if too much 
caloric is accumulated in one body, it must flow out; if 
too little, it must flow in till the equality of density be re-
stored. 

This hypothesis is inconsistent with the phenomena which 
it is intended to explain. 	Were it true, all bodies ought 
to. heat and to cool with the' same facility; and the heat 
ought to continue as long in the focus of a burning glass as 
in a globe of gold of the same diameter. 	It is equally in- 
consistent with the nature of caloric; which has 	been 
shown in the first section of this Chapter to be a body very 
different from the hypothetical fluid of De Mairan. 

Hypothesis 	5. Another explanation of the equal distribution of tem- 
of Pictet. 	perature, and a much more ingenious one, was proposed 

Leslie, p. 281. 
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by Mr. Pictet. 	According to thisphilosopher, when caloric Chap. U. 
is accumulated in any body, the repulsion between its par- 
feles is increased, because the distance between them is 
diminishe-I. 	Accordingly they repel each other; and this 
causes thein.. t."3 fly off in every direction, and to continue 
to senarah till 1.1,ey are opposed by caloric in other bodies 
of the ',wife relative density with themselves, which, by re-
pelling \-.4-1,em in its turn, compels them to continue where 
they are. 	The equal distribution of temperature therefore 
depends on the balancing of two opposite forces : the re-
pulsion between the particles of caloric in the body, which 
tends to diminish the temperature ; and the repulsion be-
tween the caloric of the body and the surrounding calmie, 
which tends to raise the temperature. 	When the first force 
is greater than the second, as is the case when the tempe-
rature of a betty is higher than that of the surrounding bo-
dies, the caloric flies off, and the body becomes colder. 

'''Thr"")  

. 
When the last force is stronger than the first, as is the case 
when a body is colder than those \\licit  are around it, the 
particles of its caloric are obliged to approach nearer each 
other, new caloric enters to occupy the space which they 
had left, and the body becomes hotter. 	When the two 
Forces are equal, the bodies are said to be of the same tem-
perature, and no change takes place.* 

But this theory, notwithstanding it's ingenuity, is incon-
sistent with the phenomena of the heating and cooling of 
bodies, and has accordingly been abandoned by the inge-
nious author himself: 

6. The opinion at present most generally received, and Of Prevost: 
which accounts for the phenomena in the most satisfactory 
manner, is that of Prevost, first published in the Journal 
de Physique for 1791, in an essay on the equilibrium of 
caloric; and afterwards detailed at greater length in his 
Recherches sur la Chaleur.t 	It was soon after adopted by 
Mr. Pictet, 	and was applied by Prevost with much ad- 
dress to the experiments of Herschel and Pictet.§ 	Accord- 
ing to him, caloric is a discrete fluid, each particle of which 
moves with enormous velocity when in a state of liberty. 
Hot bodies emit calorific rays in all directions; but its par- 

* See Pictet, sur le Feu, chap. i. 	-l- Geneva, 1792. 
1 Biblioth. Britan. iv. 30. 	§ Phil. Trans. 1802, p. 403.  
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Book I. 	tides are at such a distance from each other, that various 
Division I. currents may 	cross each 	other without disturbing one .......v.......) 

another, as is the case with light. 	The consequence of this 
must be, that if we suppose two neighbouring spaces in 
which caloric abounds, there must be a contix.snot exchange 
of caloric between these two spaces. 	If itAbounis egaally 
in each, the interchanges will balance each other} rtid the 
temperature will continue the same. 	If one conta,;hs more 
than the other, the exchanges must be unequal ; eand by a 
continual repetition ;of this inequality, the equilibrium of 
temperature must be restored between them. 	 . 

If we suppose a body• placed in a medium hotter than 
itself; and. the temperature of that medium constant, we 
may consider the caloric of the medium as consisting of 
two parts; one equal to that of the body, the other equal 
to the difference between the temperature of the two. 	The 
first part may be left out of view, as its radiations will be 
counterbalanced by those of the body. 	The excess alone 
requires consideration.; and relatively to that excess the 
body is absolutely cold, or contains no caloric whatever. 	If 
we suppose that in one second the body receives -euth of 
this excess, at the end of the first second the excess will be 
only -moths. 	One tenth of this excess will pass into the 
body during the next second, and the excess will be. re- 
duced to -p-F  of ,52-,--„ or (A)2. 	At the end of the third 
second, the excess will be (I )3; at the end of the fourth, 
(72-)4  ; and so on ;, the time increasing in an arithmetical 
ratio, while the excess diminishes in a geometrical ratio, ac-
cording to Richrnann's rule. 

Such is a sketch of Prevost's theory. 	It is founded alto- 
gether upon the radiation of caloric, and leaves the effect of 
the conducting power of bodies out of sight. 	The reality 
of the radiation cannot be doubted; and it is exceedingly 
probable that the,equal distribution oi temperature is the 
consequence of it. 	Were caloric merely conducted, its 
progress would be excessively slow, and indeed absolute 
equality of temperature would scarcely ever take place. 
At the same time, it must be allowed that this property of 

. 	bodies has very considerable influence in regulating the 
time which elapses belbre the temperature of contiguous 
bodies is brought to equality; and in so far as Mr. Prevost's 
hypothesis overlooks this circumstance, 	which obviously 
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depends upon the affinity existing between caloric and other Chap. II. 
bodies, it must be considered as imperfect. ..—..,,,e.....# 

SECT. IV. 

OF THE EFFECTS OF CALORIC. 

HAVI NG in the preceding Sections considered the nature 
of caloric, the manner in which it moves through other 
bodies, and distributes itself among them ; let us now exa-
mine; in the next place, the effects which it produces upon 
other bodies, either by entering into them or separating 
from them. 	The knowledge of these effects we shall find 
of the greatest importance, both on account of the im-
mense additional power which it puts into our possession, 
and of the facility with which it enables us to comprehend 
eand explain many of the most important phenomena of 
nature. 	The effects which caloric produces on bodies may 
be arranged under three heads, namely, 1. Changes in 
bulk; 2. Changes in state; 	and, 3. Changes in combi- 
nation. 	Let us consider these three sets of changes in 
their order. 

L 	OF CHANGES IN BULK. 

It may be laid down as a general rule to which there is 
no known exception, that every addition or abstraction of 
caloric makes a corresponding change in the bulk of the 
body which has been subjected to this alteration in the 
quantity of its heat. 	In general the addition of heat in- 
creases the bulk of a body, and the abstraction of it dimi-
nishes its bulk : but this is not uniformly the case, though 
the exceptions are 'not numerous. 	Indeed these excep- 
tions are not only confined to a very small number of bodies, 
but even in them they do not hold, except at certain parti-
cular temperatures ; while at all other temperatures these 
bodies are increased in bulk when heated, and diminished 
in bulk by being cooled. 	We may therefore consider ex- 
pansion as one of the most general effects of heat. 	It is 
certainly one of the most important, as it has furnished us 
with the means of measuring all the others. 	Let us, in the 

Expansion.    
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Book I. first place, consider the phenomena of expansion, and then 
Division I. 
..—..v—..,  turn our attention to the exceptions which have been ob-

served. 
Differs in 1. Though all bodies are expanded by heat and.contract- 
different 
bodies.. ed by cold, and this expansion in the same body is always 

proportional to some function of the ouantity3 of caloric 
added or abstracted ; yet the absolute expansion or con-
traction has been found to differ exceedingly in ' different 
bodies. 	In general, the expansion of gaseous bodies is 
greatest of all ; that of liquids is much smaller, and that of 
solids is smallest of all. 	Thus, 100 cubic inches of atmos- 
pheric air, by being heated from the temperature of 32° to 
that of 212°, are increased to 137.5 cubic inches; while the 
same augmentation of temperature only makes 100 cubic 
inches of water assume the bulk of 101'5 cubic inches : and 
100 cubic.inches of iron, when heated from 32° to 212°, 
assume a bulk scarcely exceeding 1001 cubic inches. 	From 
this example, we see that the expansion of air is more than 
eight times greaten thaa that of water ; and the expansion 
of water about 45 times greater than that of iron. 

Expansion 2. An accurate knowledge of the expansion of gaseous 
of acs.  bodies being frequently of great importance in chemical re-

searches, many experiments have been made to ascertain 
h ; yet, till lately, the problem was unsolved. 	The results 
of philosophers were so various and discordant, that it Was 
impossible to form any opinion on the subject. 	This was 
owing to the want of sufficient care in excluding water from 
the vessels in which the expansion of the gases was mea- 
sured. 	The heat which was applied converted portions of 
this water into vapour, which, mixing with the gas, totally 
disguised the real changes in bulk which it had undergone. 
To this circumstance we arc to ascribe the difference in the 
determinations of Deluc, General Roy, Saussure, Diver- 
nois, &c. 	Fortunately this point haS lately engaged the 
attention of two very ingenious and precise philosophers ; 
and their experiments. made with the proper precautions, 
have solved the problem. 	The experiments of Mr. Dalton 
of Manchester were read to the Philosophical Society of 
Manchester in October 1801, and published early in 1802.4  
To him therefore the honour of the discovery of tho law 

Manchester Memoirs, v, 593. 
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of the dilatation of gaseous bodies is due : for Mr. Gay Chap. II. 

• Lussac did not publish his dissertation on the expansion 1/4--v--"' 
of the gases * till more than six months after. 	Mr. Dal- 
ton's experiments are distinguished by a simplicity of appa-
ratus, which adds greatly to their value, as it puts it in the 
powetl-of others to repeat them without difficulty. 	It con- 
sists meiely of a glass tube, open at one end, and divided 
into equal parts ; the gas to be examined was introduced 
into it after being properly dried, and the tube is filled with 
mercury 'at the open end to a given point; heat is then 
applied, and the dilatation is observed by the quantity of 
mercury which is pushed out. 	Mr. Gay Lussac's apparatus 
Is more complicated but equally precise; and as his experi-
ments were made on larger bulks of air, their coincidence 
with those of Mr. Dalton adds considerably to the con-
fidence which may be placed in the results. 

From the experiments of these philosophers it follows, The.same 
that all geseous bodies whatever undergo the same expan- in all. 

' sion by the same addition of heat, supposing them placed 
in the same circumstances. 	It is sufficient, then, to ascer- 
tain the law of expansion observed by any one gaseous 
body, in order to know the exact rate of dilatation of them 
all. 	Now, from the experiments of Gay Lussac we learn, 
that air, by being heated from 32°  to 212°, expands from 
100 to 137'5 parts : the increase of bulk for 150° is then 
37'5 parts; or, supposing the bulk at 32° to be unity, the 
increase is equal to 0'375 parts : this gives us 0'00208, or 

 for the expansion of air for 1° of the thermo- , 	 o th part, 
meter. 	Mr. Dalton found that 100 parts of air, by being 
heated from 55° to 212°, expanded to 132%5 parts : this 
gives us an expansion of 0'00207, or 74—, ,d part, for 1° ; 
which differs as little from the determination of Lussac as 
can be expected in experiments of such delicacy. 

From the experiments of Gay Lussac it appears that 
the steam of water, and the vapour of ether, undergo the 
same dilatation with air when the same addition is made to 
their temperature. 	We may conclude, then, that all elas- 
tie•fluids expand equally and uniformly by heat. 	The fol- 
lowing table gives us nearly the bulk of a given quantity of 
air at all temperatures from 32° to 212°. 

Alm. de Chim. xliii. 137. 
vol. 1'. 	 F 
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Book I. Temp. Bulk. 	' Temp. Bulk. 	' Temp. Bulk. 
Division I. 
k.....—.v...—J 32° 1000000 59' 1056249 86°  1112499 Expansion 
of air. 33 10020G3  GO 1058333 87 1114583 

31 
35 

1001166 
100(3249  

61 
62  

1060116 
1062499 

88 
89 

1116666 , 
1118740 

36 1003333  63 1061583 .90 11208.;33 
37 1010116 61 1066666 91 1122916 
38 1012199 65 106874.9 92 1124999 39 101+583 66 1070833 93 1127083 
40 1016666 67 1072916 94 1129166 41 1018749 68 107.4999 95 1131249 
12 1020833 69 1077083 96 1133333 
4.3 1022916 70 1079166 97 1135416 44. 1024759 71 1081219 98 1137499 
4.5 1027083 72 1083333 99 1139583 
46 1029166 73 10854.16 100 1141666 
4.7 1031219 74. 1087499 110 1162499 
48 1033333 75 1089383 120 1183323 
4.9 1035416 76 1091666 130 1204166 
50 1037499 '77 109374.9 140 1224999 
51 1039583 78 1095833 150 1245833.  
52 1011666 79 1097916 160 1266666 
53 1013719 80 1099999 170 1287499 
51 1045833 81 1102083 180 1308333 
55 104.7.916 82 1104166 190 1329166 
56 1019999 S3 1106249 200 134.9999 
57 1032083 84. 1108333 210 1370833 
58 1054166 85 1110116 212 1374999 

Expansion 3. The expansion of liquid bodies differs from that of 
vfliquids, 	the elastic fluids, not only in quantity, but in the want of 

uniformity with which they expand w.hen equal additions 
are made to the temperature of each. 	This difference 
seems to depend upon the fixity or volatility of the compo- 

Not uni- 	cent parts of the liquid bodies ; for, in general, those liquids 
form. 	expand most by a given addition of heat, whose boiling 

temperatures are lowest, or which contain in them an in- 
gredient which readily assumes the gaseous form. 	Thus 
mercury expands much less when heated to a given tem- 
perature than water, which boils at a heat much inferior to 
mercury ; and alcohol is much more expanded than water, 
because its boiling temperature is lower. 	In like manner, 
nitric acid is much more expanded than sulphuric acid ; not 
only because its boiling point is lower, but because a por- 
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, 
otv 

• 4 
)f ith 	has .a tendency to assume the form of an elastic 	 __jehap. U• 

---v---  fluid. 	This rule holds at least in all the liquids-whose ex- 
pansion I have hitherto tried. 	We may consider it there- 
fbre as a pretty general fact, that the higher the tempera-
turi:, necessary to cause a liquid to boil, the smaller the 
expansion is which is produced by the addition of a degree 
of heat;  or, in other words, the expansibility of liquids is 
nearly inversely as their boiling temperature. 

4. Another circumstance respecting 	the 	expansion of Increases 
liquids deserves particular attention : the expansibility of with the 

tempera- 
every one seems to increase with the temperature ; or, in turc. 
other words, the nearer a liquid is to the temperature at 
which it boils, the greater is the expansion produced by the 
addition of a degree of caloric : and, on the other hand, the 
further it is from the boiling temperature, the smaller is the 
increase of bulk produced by the addition of a degree of 
caloric. 	Hence it happens, that the expansion of those 
liquids approaches nearest to equability whose boiling tem-
peratures are highest; or, to speak) more precisely, the 
ratio of the expansibility increases the more slowly the 
higher the boiling temperature is. 

5. These observations are sufficient to show us, that the Uncon- 
expansion 

	

	 fleeted of liquids is altogether unconnected with their their denait  
density. 	It depends upon the quantity of heat necessary to sitY• 
cause them to boil, and to convert them into elastic fluids. 
But we are altogether ignorant at present of the reason why 
different liquids require different temperatures to produce 
this change. 

6. The following table exhibits the dilatation of various 
liquids from the tem4rature of 32° to that of 212°, suppos-
ing their bulk at 32 to be 1. 

Muriatic acid' (sp. gr. 1.137)  	0'0600 = TIT  
Nitric acid* (sp. gr. 1.40)  	0.1100 .--• 
Sulphuric acid* acid* (sp. gr. 1'85)  	0'0600 = TLT. 
Alcohol*  	0.1100 = 9 
Water*  	0'04166 = -1.2- 
Water saturated with common salt* 	0.0500 = 46-fo 
Sulphuric ether  	0.0700 = TY 

* Dalton, New System of Chemical Philosophy, i. 36. 

F 2 
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Book 1. 	Fixed 
Division I. 
N....—v......, 	Oil of 

•  oils* 	 0'0800 = 1-3-4- 
turpentine '''''  	0'0700 = -,2;  

Mercury* 	  0'0200 = ..siv  
Mercury t 	  0.01872 = *3. 
Mercury t ....  	0'0168 = 11;  
Mercury § 	  0'01758 = 
Mercury ll  	0'0150 = -6'o 

Doctor Young has observed that if we denote a degree 
of Fahrenheit's thermometer by f, the expansion of water, 
reckoning either way from 39°, is nearly represented by 
.0000022 f2 —'00000000135 f3. 	He 	gives the following 
table of the expansion of this liquid from the experiments 
of Gilpin and Kirwan." 

Expansion 
..A.. --N 

• Observed. 	Calculated. Temp. 
30° Gilpin 	  -00020   '00018 
32 G 	 c 	 .00012 	. . . . 	. 	'00011 
34 G 	  .00006 	 '00005 
39 	  G 	 .00000 	 -00000 
41 G 	  •00006 	 '00005 
48 G 	  -00018   '00.018 
49 G 	  •00022 	 '00022 
54 G 	  -000.19   '00018 
59 G 	  '00086 	 '00084 
61 G 	  '00133   '00130 
69 G 	  '00188   .00186 
71 G 	  -00251   .00251 
79 •  G 	 -00321   '00326 
90 G 	  -0049? 	 '00513 

100 G 	  •00692 	 '00720 
102 Kirwan 	  •00760 	.. .. .. '00763 
122 K 	  •01258 	 •01264 
142 IC  	•01833 	. . . . .. 	'01859 
162 K 	  '02181   '02512 

• 
1.  Dalton, New System of Chemical Philosophy, i. 36. 
-I- Lord Charles Cavendish. 	 1 General Roy. 

' 	§ Haellstroem, Gilbert's Annalen, xvii. 107. 
II Lalande and Delisle, Ibid. p. 102. 
"" Young's Lectures on Natural Philosophy, ii. 392. 
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*2 Kirwan 	  '03198   '03219 	Chap. II. 
202 K 	  •04005 	 '03961 ..-...y...-../ 
212 K 	  •04333   '04.332 

' • 
The following table exhibits the degrees marked upon 

thermometers 	filled 	with different liquids at the ' same 
temperature as determined by the experiments of De Luc.* 
The tubes containing these liquids were of glass ; but as he 
does not mention their capacities, nor the value of a degree, 
the table does not enable us to determine the expansion of 
the liquids used. 

Alcohol ca- Water satu- 
Mercury. Olive oil. Is

n
e
m
nt

o
ia
n
i
t
V

e
l E

o
s
f
se

t
4ti

n
al

le
oil i

t
la
n
b
s
le

fi
o
te
f s

t
e
o

t- 

gunpowder. 

ra
o
t
m
ed

m
w
o

i
n
th 

salt. 
Water. 

80°  80°  80°  80°  80°  80°  80° 	• 
75 74.6 74.7 74.3 73.8 74.'1 71'0 

' 	70 69'1 69.5 68.8 '' 67.8 68'4 62.0 
65 64'1 64'3 63.5 61'9 62'6 53.5 
60 .59'3 .59'1 58'3 56'2 57'1 45'8 
55 54'2 53.9 53'3 50'7 51'7 38'5 
50 49'2 48'8 48'3 45'3 46'6 32'0 
45 44'0 43'6 43'4 40.2 41'2 26'1 
40 39'2 38'6 38'4 35'1 36'3 20'5 ' 
35 34.'2 33'6 33.5 30.3 31'3 15.9 
30 29'3 281 28'6 25.6 26'5 11'2 
25 24'3 23'8 23.8 21.0 21.9 7'3 
20 19'3 18.9 19.0 16'5 17.3 4'1 
15 14'4 11'1 11'2 12'2 12'8 1'6 
10 9'5 9.3 9'4. 7.9 8.1 0•2 
5 4'7 4.6 4.7 3'9 4.'2 0'4 
0 0'0 0'0 0'0 0'0 0•0 0'0 

--5 -3.9 -4.1 
-10 G' -7'7 -8.0 

In these thermometers 0 denotes the temperature at 
which water freezes, 80° the temperature at which it boils. 

Gay Lnssact has lately turned his attention to the phe- 
nomena of the expansion of liquids. 	The following table- 

Recherches sur les Modifications de l'Atniosphere, i. 271. 
i• Ann. de Chim. et Phys., ii. 1:30. 
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IMPONDERABLE BODIES. 

exhibits the result of his researches. 	He supposes the 
volume of each of the liquids at its boiling temperature to 
be 1000. 	The table represents the contractions which 
each liquid experienced when 	cooled down every fire 
degrees centigrade below its boiling point. 	The temp ;ra- 
tures at which the different liquids tried boiled were as 
follows : 

Water   212° 
Alcohol 	  173.14 
Sulphuret of carbon .. 	 116'1 
Sulphuric ether 	96•2 

Expansion 
of solids. 

Tempera- 
tore. 

Water. 
Contractions. 

Alcohol. 
Contractions. 

Sulphuret of 
carbon.. 

Contract ions. 
Ether. 

Contractions. 

00  
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55  
60 
65 

. 	70 
75 

0'00 
3'34 
6.61 

10'50 
13'15 
16.06 
18.85 
21.52 
21.10 
26'50 
28'56 

 30'60 
3242 
3402 
35'47 
36'70 

0'00 
5.55 

11.13 
17'51 
21.31 
29.15 
31.71 
40'28 
45.68 
50'85 
56'02 
61'01 
65'96 
70'71 
75.48 
80.11 

0'00 
6.11 

12.01 
17.98 
23'80 
29'65 	, 
35'06 
10'18 
45.77 
51.08 
56•28 
61'14 
66'21 

0'00 
8.15 

16.17 
21.16 
3183 
39'11 
46.12 
52'06 
58.77 
65.48 
72'01 
78'38 

From the preceding table it appears that alcohol and sul- 
phuret of carbon undergo the same dilatation. 	Gay Lussac 
has shown 	that they likewise form the same volume of 
vapour when exposed to a boiling temperature. 

Alcohol forms 	488'3 its volume of vapour. 
Sulphuret of carbon 4911 its volume of vapour. 

7. The expansion of solid bodies is so small that many 
precautions are necessary to measure it with precision. 	So 
fn. as observation has gone it is equable. 	In this respect 
resembling the expansion of the gases. 	I shall introduce 
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hers, in the first place the table of the expansion of different Chap. II. 
sold bodies from 32°  to 212°, as determined by Lavoisier ̀ ." —v---)  
and Laplace, in 1782. 	The experiments seem to have 
uf. en made with very great care. 	They were supposed to 
ha 	been lost; but have lately been recovered and publish- 
ed by Mot.* 

Length of a rule at 	Dilatation 
Substances tried. 	 212° which at 32° 	in vulgar 

is 1,00000000. 	fractions. 

Glass of Saint Gobain 	 1,00089089 . . . . 1 ilt  ,., 
Glass tube without lead     1,00087572 .. .. -1-111-1  
Ditto 	  1,00089760 . . . . -1-11 FT 
Ditto 	  1,00091751 . . .. ---- i olo 0 
English flint 	 1,00081166 glass  	 . ... --§14-8- 
French 	with lead 	 1,00087199 glass 	 . . .. -rit.ry 
Copper 	  1,00172241 . . . . 
Copper 	  1,00171222 . . .. T4-4- 
Brass 	  1,00186671 . . . . 	5 ,•41-, 
Brass 	  1),00188971 . . . . -40- 
Hammered iron   1,00122015.... .1±5. 
Iron 	 1,00123501 wire  	 . . . . 	-,54-T  
Hard 	 1,00107875 steel 	 . . . . 	72,-1- 
Soft steel   1,00107956 . . . . 	 .th,- 
Tempered 	 1,00123956 steel 	 . . . . 	,.71,--,--, 
Lead 	  1,00284836.... 3 . ,t  

Malacca tin  	1,00193765 . . . . 7),-,--,- 
Tin from Falmouth 	  1,00217298 . . . . Th 
Cupelled silver    	1,00190971 . . . . -,',,i- 
Silver, Paris standard  	1,00190868 . . . . .7 _,i. 
Pure 	 1,00116606 gold  	 .. — 134_, ,' 	, 
Gold, Paris standard, not softened 1,00155155.... -4-s. 
Ditto, softened 	  1,00151361 . . . . 	-07- . 

,., 
In the year 1751, Mr. Smeaton published a set of expe-

riments on the expansion of different substances measured 
by means of a very ingenious instrument of his own inven-
tion, described by him in the Philosophical Transactions 
fir that year.t 	The following table shows the expansions 

Traite de Physique, i. 158.  t Phil. Trans. 1754, P. 598. 
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Book I. which the different substances tried, undergo from 3c4 to 
Divi
..—v,..

sion I. 
...... 212°  supposing the original bulk to be 1. 

White glass barometer tube 	 0'00083 
Antimony     0.001083 
Blistered steel   0'001125 
Hard steel 	  0'001225' 
Iron   0.001258 
Bismuth.... 	  0'001392 
Copper hammered 	  0'001700 
Copper, 8 parts mixed with tin 1 	 0'0018166 
Brass, 16 parts with tin 1 	 0'001908 
Brass wire 	  0'001933 
Speculum metal 	  0'001933 
Spelter solder, viz. brass 2, zinc 1 	 0'002058 
Fine pewter 	  0'002283 
Grain tin 	  0'002483 
Soft solder, viz. lead 2, tin 1.....   0'002508 
Zinc, 8 with tin 1, a little hammered 	 0'002692 
Lead     0'002867 
Zinc    0'002942 
Zinc hammered 4- inch per foot 	 0'003011 

The following table exhibits the dilatations of different 
substances as determined by General Roy, the accuracy of 
whose experiments is well known. 

Glass tube 	  0.00077615 
Glass rod 	  0'00080787 
Cast-iron prism   0'0011094 

• Steel rod    0.0011447 
Brass scale, supposed from Hamburg 0'0018551 
English plate brass rod 	 0'001875 
English plate brass trough 	 0'00,18928 

In the following table I shall give the result of the trials 
of some other artists and philosophers on the expansion of 
some other bodies, reckoning as usual the bulk at 32° to 
be 1. 	The expansion given is from 32°,to 212°. 

Steel 	 0'0011899. 	Troughton. 
Silver 	 0'0020826. 	Troughton. 
Copper 	 ... 0'0019i 88. 	Troughton. 
Iron wire 	 0'0014401. 	Troughton. 
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Platinum 	.0'0009918. 	Troughton. 	Chap. H. 
Platinum 	 \---...---1  0'00085655. Borda. 
Palladium 	0.0010. 	Wollaston. 
Iron 	, 0.001+16. 	Haellstroem. 

't'he expansion of glass being frequently an important 
point in experiment has been examined with great care. 
But different kinds of glass differ so much from each other 
that no general rule can be laid down. 	Lavoisier and La- 
place found that it was the less dilatable by heat the more 
lead it contained.* 	Several determinations will be found in 
the preceding tables, and I shall add some more here. 
Ramsdell found the expansion between 32° and 212° of a 
solid 	glass 	rod 0'0096994, 	and 	that of a glass tube 
0'0093138. De Luc's experiments on the expansion of ther- 
mometer and barometer tubes may be seen in the following 
table. 

Temp. 	Bulk. Temp. 	Bulk. 	Temp. 	Bulk. 
32° 	100000 100° 	100023 ,, 	167° 	100056 
50 	100006 120 	100033 	190 	100069 
70 	10001+ 150 	100044 	212 	100083 

8. 	The property which bodies possess of expanding, 
when heat is applied to them, has furnished us with an in- 
strument for - measuring the relative temperatures of bodies. 
This instrument is the thermometer. 	A thermometer is Nature of 
merely a hollow tube of glass, hermetically sealed, and t tt

e
hermo- 
r 

 
meter. 

blown at one end into a hollow globe or bulb. 	The bulb 
and part of the tube are filled with mercury. 	When the 
bulb is plunged into a hot body, the mercury expands, and 
of course rises in the tube; but when it is plunged into a 
cold body, the mercury contracts, and of course falls in 
the tube. 	The rising of the mercury indicates an increase 
of heat; its falling a dimintition of it ; and the quantity 
which it rises and falls indicates the proportion of increase 
or diminution. 	To facilitate observation, the tube is di- 
vided into a number of equal parts called degrees. 

The thermometer, to which we are indebted for almost 
all the knowledge respecting caloric which we possess, was 
in4;7c--ned about the beginning of the 17th century ; and is 
supposed by some to have been first thought of by Sane- 

Blot. Trait6 de Physique, i. 1.17. 
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Book I. torio, 	the celebrated founder of statical medicine. 	:The. 
Division i.-first rude thermometer was improved by the Florentine 

academicians and by Mr. Boyle ; but it was Sir Isaac New- 
ton who rendered it really useful, 	by pointing out tl,.e 
method of constructing thermometers capable of wing 
compared together. 	 • 	' 

"—Thc--)  

How gra- 
dusted. 

If we plunge a thermometer ever s:i often into melting, 
snow, it will always stand at the same point. 	Hence we 
learn that snow always begins to melt at the same tempe- 
rature. 	Dr. Hooke observed also, that if we plunge a ther- 
mometer ever so often into boiling water, it always stands 
at the same point, provided the pressure of the atmosphere 
be the same ; consequently water (other things being the 
same) always boils at the same temperature. 	If therefore 
we plunge a new made thermometer into melting snow, and 
mark the point at which the mercury stands in the tube ; 
then plunge it into boiling water, and mark the new point 
at which the mercury stands ; then divide the portion of 
the tube between the.two marks into any number of equal 
parts, suppose 100, calling the freezing point 0, and.the 
boiling point 100 ;—every other thermometer constructed 
in a similar manner will stand at the same degree with the 
first thermometer, when both are applied to a body"of the 
same temperature. 	All such thermometers therefore may 
be compared together, and the scale may be extended to 
any length both above the boiling point and below the 
freezing point. 

Newton first pointed out the method of makin.
h 
 compa-

rable thermometers; * but the practical part of the art was 
• greatly simplified by Mr. Fahrenheit of Amsterdam and Dr. 

Martine of St. Andrew's: - 	From the different methods 
followed by philosophical instrument makers in determining 
the boiling point, it was found, that thermometers very 
seldom agreed with each other, and that they often deviated 
several degrees from time truth. 	This induced Mr. Caven- 
dish to suggest to the Royal Society the importance of pub-
lishing rules for constructing these very. useful instruments. 
A committee of the society was accordingly appointed to 
consider the subject. 	This committee published a inOs.,`,‘ .1- 

Phil. Trans. Abr. iv. i. 
t On the Construction and graduation of Thermometers. 

   
  



HEAT. 	 75 

litial.ie set of directions, which may be consulted in the Chap.1I. 
''''''',-1  Philosophical Transactions.*` 	The most important of these 

directions is, 'to expose the whole of the tube as well as the 
fall of the thermometer to steam, when the boiling water 
point is to be determined. 	They recommend this to be 
done when the barometer stands at 29'S inches. 

Mercury is the liquid which answers best for thermome- 
ters, because its expansion is most equable, owing to the 	• 
great distance from its boiling and freezing points. 	There Different 
are four different thermometers used at present in Europe, ttehrts'rmusrd.
differino•

t' 
 from one another in the number of degrees into 

which the space between the freezing and boiling points is 
divided. 	These are Fahrenheit's, 	Celsius's, 	Reaumur's, 
and De Lisle's. 

Fahrenheit's thermometer is used in Britain. 	The space • between the boiling and freezing points is divided into 
1800 : but the scale beginsat the temperature produced by 
mixing together snow and common salt, which is 32° be- 

• low the freezing point; 	of course> the freezing point is 
marked 32°, and the boiling point 212°.1' 

The thermometer of Celsius is used in Sweden ; it has 
been used also in France since the Revolution, under the 
name of the thermometre centigrade. 	In it the space be-
tween the freezing and boiling points is divided into 100°. 
The freezing point is marked 0, the boiling point 100°4 

The thermometer known by the name of Reaumur, 
which was in fact constructed by De Luc, was used in 
France before the Revolution. 	In it the space between the 
boiling and freezing points is divided into 80°. 	The freez- 
ing point is marked 0, the boiling point 80°.§ 

De Lisle's thermometer is used in Russia. 	The space 

** 	Phil. Trans. 1777,.p. 816. 
t This is the thermonieter always used throughout this Work, unless 

when some other is particularly mentioned. 
I Consequently the degrees of Fahrenheit are to those of Celsius, as 

180: 100 = 18 : 10 = 9 : 5. 	That is, 9° of Fahrenheit are equal to 
0°  of Celsius. 	Therefore, to reduce the degrees of Celsius to those of 

have F = 
0 C— 14,1illeit, 	 Sq.  we 	 + 
5' 

§ Consequently 180 F ----- 80 It, or 18 1' 	8 ii, or 9 F = 4 It; there-
9 It 

fore F ,.---- — + 32. 4 
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• 

Book I. between the boiling and freezing points is divided into 1.'9°:' 
Division 1. but the graduation begins at the boiling point, and in- 

creases towards the freezing point. 	The boiling point is 
marked 0, the freezing point 1.50°.'"i 	 .--• 

Exceptions 9. Having now considered the phenomena and law,lof 
to expan- 
sion, 

expansion as far as they are understood, it will be proper 
to state the exceptions to this general effect of heat, or the 
cases in which expansion is produced, not by an increase, 
but by a diminution of temperature. 	These exceptions 

Of two 
kinds. 

- 

may be divided into two classes. 	The first class compre- 
kends certain liquid bodies which have a maximum of den-
sity corresponding with a certain temperature; and which, 
if they be heated above that temperature, or cooled down 
below it, undergo in both cases an expansion or. increase of 
bulk. 	The second class comprehends certain liquid$which 
suddenly become solid when cooled down to a certain tem-
perature; and this solidification is accompanied by an in-
crease of bulk. 

I. Water 
has its max 
imum den

-  
- 

sitY at 40°- 

10. Water furnishes a remarkable example of the first 
class of bodies. 	This liquid is at its maximum of density 
when nearly at the temperature of 40°. 	If it be cooled 
down below 40°, it 'expands as the temperature diminishes; 
if it be heated above 4.0°, it in like manner expands as the 
temperature increases. 	Thus two opposite effects are pro- 
duced by heat upon water, according to the temperature of 
that liquid. 	From 40°  to 32°, and downwards, heat di- 
minishes the bulk of water ; but from 40° to 212°, and 
upwards, it increases its bulk. 	Such is the opinion at pre- 
sent received by most persons, and which is considered as 
the result of the most exact experiments. 

history of The facts which led to this conclusion were first observed 
the disco- 
`To,. by the Florentine academicians. 	An account of their ex- 

periments was published in the Philosophical Transactions 
for 16704 	They filled with water a gliiss ball, terminating 
in a narrow graduated neck, and plunged it into a mixture 

Hence 180 F — 150 D, or 6 F = 5 D. 	To reduce the degrees of 
De Lisle's thermometer under the boiling point to those of Fahrenheit, 

D 
we have F ,--, 212 — 6 7-; to 	reduce those 	above 	the 	boiling ; ':."-A, 

61) F  — 012 + — ' .") 
t. Phil. Trans. No. 66, or vol. v. p. 200. 	Abridgement, i. 510. 
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of flow and salt. 	The water started suddenly up into the Chap. II. 
neck, in consequence of the construction of the vessel, and 
slowly subsided again as the cold affected it. 	After a cer- 
tain interval it began to rise again, and continued to ascend 
slowly and equably, till some portion of it shot into ices  
when it sprung up at once with the greatest velocity. 	The 
attention of the Rciyal Society was soon afterwards called 
to this remarkable expansion by Dr. Croune, who, in 1683, 
exhibited an experiment similar to that of the Florentine 
philosophers, and concluded from it, that water begins to 
be expanded by cold at a certain temperature above the 
freezing point. 	Dr. Hooke objected to this conclusion, and 
ascribed the apparent expansion of the water to the con-
traction of the vessel in which the experiment was made. 

`"The" --A  

This induced them to cool the glass previously in a freezing 
mixture, and then to fill it with water. 	The effect, notwith- 
standing this precaution, was the same as before. 	Mr. 

. 

De Luc was the first who attempted to ascertain the exact 
temperature at which this expansioa by cold begins. 	He 
placed it at 41°, and estimated the expansion as nearly 
equal, when water is heated or cooled the same number of 
degrees above or below.41°. 	He made his experiments in 
glass thermometer tubes, and neglected to make the cor-
rection necessary for the contraction of the glass; but in a 
set of experiments by Sir Charles Blagden and Mr. Gilpin, 
made about the year 1790, this correction was attended to. 
Water was weighed in a glass bottle at every degree of 
temperature from 32° to 100°, and its specific gravity as- 
certained. 	They fixed the maximum of density at 39°, 
and found the same expansion very nearly by the same 
change of temperature either above or below 39°. 	The 
following table exhibits the bulk of water at the correspond-
ing degrees on both sides of 39°, according to their expe-
riments. t 

• Birche's Hist. of the Royal Society, iv. 253. 
I• Phil. Trans. 1792, p. 428. 
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Book I. 	Specific Gra- Division I. 	vity. 1/4......v......,  
Bulk of Wa- 

ter. 
Tempera-I Bulk of Wa- 

turc. 	ter. 
Sp. Gravity 

of Ditto. 

Rate of ex.. 
pansion. 100000 

00 

39 1'00000 

1'00000 38 

37 

36 

35 

40 

11 

/2 

43 

44 

45 

16 

00 1'00000 

0'99999 

0'99998 

01 01 0'99999 

0'99998 02 02 

0'99996 

0'99994. 

04 04 0'99996 

06 34 06 0'99991 

0'99991 08 33 08 0.99991 

0'99988 12 32 12 0.99988 

Mr. Dalton, in a set of experiments published in 1802, ob- 
tained nearly the same result as De Luc. 	He placed the 
maximum density at 42'5°, not making any correction for 
the contraction of the glass ; and observed, as Blagden had 
done before him, that the expansion is the same on both 
sides of the maximum point, "when the change of tempera-
ture is the same, and continues however low down the water 
be cooled, provided it be not frozen.'" 

All these experiments had been made by cooling water 
in glass vessels; but when the French were forming their 
new weights and measures, the subject was investigated by 
Lefebvre-Gineau in a different manner. 	A determinate 
bulk of water at a given temperature was chosen for the 
foundation of their weights. 	To obtain it, a cylinder of 
copper, about nine French inches long, and as many in dia-
meter, was made, and its bulk measured with the utmost 
possible exactness. 	This cylinder was weighed in water of 
various temperatures. 	Thus was obtained the weight of a 
quantity of water equal to the bulk of the cylinder ; and 
this, corrected by the alteration of the bulk of the cylinder 
itself from heat or cold, gave the density of water a" :tyl'e 
temperatures tried. 	The result was, that the density of the 

A  :tianclicster Mem. v. 374. 
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A;atgi constantly increased till the temperature of 40°, be- Chap. H. 
low which it as constantly diminished.* These experiments 	..—•,----1  
,seem to have been made about the year 1795. 	More .lately 
. set of experiments was tried by Haellstroem exactly in 
tie same way; but he substituted a cylinder of glass for the 
one of-tuctal. 	The result which he obtained was the same. 
The necessary corrections being made, he found the maxi-
mum density of water lie between 4° and 5° of Celsius, or 
nearly at 40° of Fahrenheit.+ 

Still more lately, a set a experiments have been pub-
lished by Dr. Hope, which lead to the same result in a dif- 
ferent way. 	He employed tall cylindrical glass jars filled 
with water of different temperatures, and having thermome- 
ters at their top and bottom. 	The result was as follows ; 
1. When water was at 32°, and exposed to air of 61°, the 
bottom thermometer rose fastest till the water became of 38°, 
then the top rose fastest. 	Just the reverse happened when. 
the water was 53°, and exposed to the cold water surround-
ing the vessel; the top thermomet62 was highest till the 
water cooled down to 400, then the bottom one was highest. 
Hence it was inferred, that water when heated towards 40°  
sunk down, and above 40° rose to the top, and vice versa. 
2. When a freezing mixture was applied to the top of the 
glass cylinder (temp. of air 41'), and continued even for se-
veral days, the bottom thermometer, never fell below 39°; 
but wheh the freezing mixture was applied to the bottom, 
the top thermometer fell to 34° as soon as the bottom one. 
Hence it was inferred, that water when cooled below 39° 
cannot sink, but easily ascends. 	3. When the water in the 
cylinder was at 32°, and warm water applied to the middle 
of the vessel, the bottom thermometer rose to 39°  before the 
top one was affected ; but when the water in the cylinder 
was at 39'5°, and cold was applied to the middle of the 
vessel, the top theraometer cooled down to 33°  before the 
bottom one was affected.T 

Count Rumford has lately published a set of experiments 

Jr.,ar. de Phys. xlix. 171; and Ilauy's Trait6 de Physique, i. 55. 

t Gilbert's Annalen der Physik, xvii. 207. 
I See Edin. Trans. vol. vi. 	The paper was published before October 

1004. 
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Book I. conducted nearly on the same principles with those of. DL 
Division I. Hope, and leading to the same results. 	They are contrived 
"I"' with his usual ingenuity;' 	but as they are of posterior date, 

and add nothing to the facts above stated, I do not think i' 
necessary to detail them.* 	Dr. Hope's experiments aY.d 
those of Count Rumford coincide with those abo;.- rclated, 
in fixing the maximum density of water at between 39°  
and 400. 

Such arc the experiments by which this very curious and 
important fact seems perfectly established. 	The mean of 
them all makes the point at which the specific gravity of water 
is a maximum 39.81°. 	We may therefore without much 
risk of error consider it in round numbers as 40°, which was 
the temperature selected by the French Philosophers when 
they fixed their new standard of weights and measures. 

.. Many li- 11. That class of bodies which undergo an expansion 
quids ex- 
pand in when they change from a liquid to a solid body by the dimi- 
crystalli- nution of temperature, is very numerous. 	Not only water 
zing. when converted into ire undergoes such an expansion, but 

all bodies which by cooling assume the form of crystals. 
Expansion The prodigious force with which water expands in the act 
O1 ice• of freezing has been long known to philosophers.. Glass 

bottles filled with water are commonly broken in pieces 
when the water freezes. The Florentine academicians burst 
a brass globe, whose 'cavity was an inch in diameter, by 
filling it with water and freezing it. 	The force necessary 
for this effect was calculated by Muschenbroeck at 27720 lbs. 
But the most complete set of experiments on the expansive 
force of freezing water are those made by Major Williams 
at Quebec, and published in the second volume of the Edin- 
burgh Transactions. 	This expansion has been explained by 
supposing it the consequence of a tendency which water, in 
consolidating, is observed to have to arrange its particles in 
one determinate manner, so as to form prismatic crystals, 
crossing each other at angles of 60°  and 1200. 	The force 
with which they arrange themselves in this manner must be 
enormous, since it enables small quantities of water to over- 
come so great mechanical pressures. 	I tried various ,me- 
thods to ascertain the specific gravity of ice at 32° : tli 7.-otie 
which succeeded best was, to dilute spirits of wine with 

• See Nichulsoli%: Journal, 	2'28. Aug. 1805. 
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., 	• 

till a mass of solid ice put into it remained in any part .1VaVr Chap. n. 
or the liquid without either sinking or rising. 	I found the 
specific grav4.of such a liquid to be 0.92; which of course 

.̀."-v--"j  

Is the specific gkvity of ice, supposing the specific gravity 
eSwater at 60°  to be 1. This is an expansion much greater 
thalk-.-.1,ntf'.' experiences even when heated to 212°.. \'Ve see 
from this, that water, when converted into ice, no longer 
observes an equable expansion, but undergoes a very rapid 
and considerable augmentation of bulk. 

The same expansion is observed during 	the crystal- 
lization of most of the salts ; all of them at least which 
shoot into prismatic forms. 	Hence the reason that the glass 
vessels in which such liquids are left usually break to pieces 
when the crystals are formed. 	A number of experiments 
on this subject have been published by Mr. Vauquelin.* 
• Several of the metals have the property of expanding at 
the moment of their becoming solid. 	Reaumur was the 
first philosopher who examined this point. 	Of all the 
• metallic bodies that he tried, he folmd•only three that ex- 
panded, while all the rest contracted on becoming solid. 
These three were, cast iron, bismuth, and antinumy.t Hence 
The precision with which cast iron takes the impression of 
the mould. 

This expansion of these bodies cannot be considered as 
an exception to the general fact, that bodies increase in bulk 
when heat is added to them ; for the expansion is the' con-
sequence, not of the diminution of heat, but of the change 
in their state from liquids to solids, and the new arrange-
ment of their particles which accompanies or constitutes that 
change. 

12. It must be observed, however, that all bodies do not Some bo-. 
expand when they become solid. 	There are a considerable =Tan- 

number which diminish in bulls ; and in these the rate of freezing. 
diminution in most*eases is rather increased 'by solidifica- 
tion. 	When liquid bodies are converted into solids, they 
either form prismatic crystals, or they form a mass in which 
no regularity of arrangement can be perceived. 	In the first 
case, expansion accompanies solidification ; in the second 
t'''.:•.,k:,: ,,  contraction accompanies it. 	Water and all the salts 

* Ann. de Chim. xiv. 286. 	. 
$ Mem. Par. 1726. p. 273. 	Berthollett's Statique Chimique, ii. 348.  

. 
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IMPONDERABLE BODIES. 

Book I. furnish instances of the first, and tallow arid oils are exam- 
Division I. ._.-.v____. pies of the second. 	In these last bodies the solidificalain 

does not take place instantaneously, 'as in water and salts, 
but slowly and gradually; they first become viscid, and a' 
last quite solid. 	Most of the oils when 'hey solidify, for4 
very regular spheres. 	The same thing :nappent,to . ?:-...,ney 
and to some of the metals, as mercury, which Mr. Caven- 

. dish has shown from his own experiments, and those of Mr. 
Macnab, to lose about 4..sd of its bulk in the act of solidifi- 
cation.* 	When sulphuric acid congeals, it does not per- 
ceptibly expand, nor does it in the least alter its appearance. 
Sulphuric acid, of the specific gravity M may be cooled 
down in thermometer tubes to — 36° before it freezes; and 
during the whole process it continually contracts. 	At 
—36°, or about that temperature, it freezes; but its appear-.  
ance is so little altered, that I 'could not satisfy myself whe- 
ther or not the liquid was frozen till I broke the tube. 	It 
was perfectly solid, and displayed no appearance of crys- 
tallization. 	On the t,ther hand, cast iron expands in the 
act of congealing. 

• 
II. 	CHANGES IN THE STATE OF BODIES. 

ALL substances in nature, as far as we are acquainted . 
with them, occur in one or other of the three following 
stater, ; namely, the state of solids, of liquids, or of elastic 
fluids or vapours. 	It has been ascertained, that in a vast 
number of cases, the same substance is capable of existing 
successively in each of these states. 	Thus sulphur is usually 
a solid body ; but when heated to 218°, it is converted into 
a liquid; and at a still higher temperature (about 570°), it 
assumes the form of an elastic vapour of a deep brown co- 
lour. 	Thus also water in our climate is usually a liquid ; 
but when cooled down to 32°, it is converted into a solid 
body, and at 212°  it assumes the form of an elastic fluid. 

Bodie3 All solid bodies a very small number excepted,. may be 
change 
their state 
by heat. 

converted into liquids by heating them sufficiently; and, on 
the other hand, every liquid, is convertible into a solid body 
by exposing it to a sufficient degree of cold. 	All Ey; :.][... - 
dies may, by heating them, be converted into elastic fluids, 

Phil. laws. 1733, p. 23. 
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and a great many solids are capable of undergoing the same Chap. II. 

L 	 -̀---v--)  ch-a-fige ; and, lastly, the number of elastic fluids which by 
,cold are conktnsible into liquids or solids is by no means 
Inconsiderable...3,;iThese facts have led philosophers to form 
tabs general conc.psion, " That all bodies, if placed in a 

. teniczyatihre sufficiently low, would assume a solid form ; 
that all solids beware liquids when sufficiently heated; and 
that all liquids, when exposed to a certain temperature, as- 
sume the form of elastic fluids." 	'The state of bodies then 
depends upon the temperature in which they are placed; in 
the lowest temperatures they are all solid, in higher tem-
peratures they are converted into liquids, and in the highest 
of all they become elastic fluids. 	The particular tempera- 
tures at which bodies undergo those changes, are exceed-
ingly various, but they are always constant for the same bo- 
dies. 	Thus we see that beat produces changes on the state 
of bodies, converting them all, first into liquids, and then 
into elastic fluids. 
• I. When solid bodies are converted by heat into liquids, Conversion 
the change in some cases takes place at once. 	There is no °t.f lic'q'tdsin: 
interval between solidity and liquidity; but in other cases a 
very gradual change may be perceived : the solid becomes 
first soft, and it passes slowly through all the degrees of 
softness, till . at last it becomes perfectly fluid. 	The con- 	trisranra. 
version of ice into water is an instance of the first change; rsz

o
,s
u,  s or 

for in that substance there is, no intervening state between 
solidity and fluidity. 	The melting of glass, of wax, and of 
tallow, exhibits instances of the second kind of change, for 
these bodies pass through every possible degree of softness 
before they terminate in perfect fluidity. 	In general, those 
solid bodies which crystallize or assume regular prismatic 
figures, have no interval between solidity and fluidity; while 
those that do not usually . assume such shapes have the 
property of appearh.g successively in all the intermediate 
states.. 

1. Solid bodies never begin to assume a liquid form till Takes place 
they are heated to a certain temperature : thi4 temperature :,.%Peaninviceu: 
is constant in all. 	In the first class of bodies it is 'very well rature. 
il • f'..-.pd: but in the second class, though it is equally comr. 
stant, the exact temperature of fluidity cannot be pointed 
out with such precision, on account of the infinite number 
of shades of softness through which the bodies pass before 

4 '2 
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Book I. they acquire their greatest possible fluidity. 	But even in 
Division IL  %...-„,..... these bodies we can easily ascertain, that the same temfidla-• 

ture always produces the same degree of fluic'ytv. 	The tem- 
peratures at which this change from soliditiao liquidity take , 
place receive different names according ito the usual str,le 
of the body thus changed. 	When the ,tiody is • isuall;,,ob-. 
served in a liquid state, we call the teioperature at which 
it assumes the form of a solid its freezing point, or congealing 
point. 	Thus the 'temperature in which water becomes ice 
is called the freezing point of water; on the other hand, 
when the body is usually in the state of a solid, we call the 
temperature, at which it liquifies its melting point : thus 218° 
is the melting point of sulphur; 442°  the melting point 
of tin. 

.2. The following table contains a list of the melting 
points of a considerable number of solid bodies : 

Substance. 	Melting Point. Substance. 	Melting Point. 
Table of Lead 	 612° Ice 	  32 
melting Bismuth 	 t  476 Milk   30 
points. Tin 	 442 Vinegar   • '28 

Sulphur 	 218 Blood 	  25 
Wax 	 142 Oil of Bergamot 	 23 
Spermaceti 	112 Wines 	  20 
Phosphorus 	108 Oil of turpentine 	.... 14 
Tallow   92 Mercury 	 -- 39 
Oil of anise 	 50 Liquid ammonia 	.. — 46 
Olive oil 	  36 Ether 	  — 46 

Water may 3. Though the freezing point of water be 32°, yet it may 
be.cooled 
under the 
freezing 

be cooled down in favourable circumstances considerably 
below that temperature, before it begins to shoot into ctys- 

point. tals. 	Experiments were made on this subject by Mairan 
and Fahrenheit; hut it is to Sir Charles Blagden that we 
are indebted for the fullest investigation of it. 	He suc- 
ceeded in cooling water down to 22°  Wore it froze, by ex- 
posing it slowly to the action of freezing mixtures. 	The 
experiment succeeds best when the water tried is freed from 
air. 	It ought also to be transparent;' for opaque bodies 
floating in it cause it to shoot into crystals when only a few 
cleacrees below the freezing point. 	When a piece of ::.::.:. 
thrown into water thus cooled, it causes it instantly to shoot 

* Bleached wax, 155°. Nicholson. 
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''(:41,0.ito, crystals. 	The same effect is produced by throwing Chap. H. 
ire liquid intoca tremulous motion; but not by stirring it. \--v")  
't -freezes also .%%.\?en cooled down too suddenly.* 
' 4. When salts` ire dissolved in water, it is well known Freezing of 

tiL-'.f its freezing poirit is in most cases lowered. 	Thus sea- stiaolnin: 
watel-d, -;:'not free..,so readily as pure water. 	The expe-
riments of Sir Chtirles Blagden have given us the point at 
which a considerable number of these solutions congeal. 

"I' 

The result of his trials may be seen in the following table. 
The first column contains the names of the salts ; the second . 
the quantity of salt, by weight, dissolved in 100 parts of 
water; and the third, the freezing point of the solution.t 

Names of Salts. 	Proportion. 	Freezing point. 
Common salt. 	 '25  	4 
Sal ammoniac .. 	 20  	8 
Rochelle salt . 	 :50 	.. 	 21 
Sulphate of magnesia .. .. 41•6 	...... 	. . 	 25•5 

• Nitre . 	..  	12•5 	''' 	26 
Sulphate of iron.     41'6   28 
Sulphate of zinc. 	 53.3   28•,6 

From this table it appears that common salt is by far the 
most efficacious in lowering the freezing point of water. 	A 
solution of 25 parts of salt in 100 of water freezes at 4°. 
These solutions, like pure water, may be cooled clown con-
siderably below their freezing point without congealing; 
and in that case the congelation is produced by means of 
ice just as in common water, though more slowly. 

When the proportion of die same salt held in solution by 
water is varied, it follows from Sir Charles Blagden's expe-
riments, that the freezing point is always proportional to the 
quantity of the salt. 	For instance, if the addition of .-th 
of salt to water lowei-s its freezing point 10 degrees, the 
addition of paths will lower it 20°. 	Hence, knowing from 
the preceding table the effect produced by a given propor-
tion of a salt, it is easy to calculate what the effect of any 
other proportion will be. 	The following table exhibits the 
rr :. • : ..-- ): points of solutions of different quantities of com- 

Blagden, Phil. Trans. 1788, p. 125. 
t See Phil. Trans. 1788, p. 277. 
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Book 1. 	mon salt in 100 parts of water, as ascertained by Blagden's 
.Diyisic'n I.  trials, and the same points' calculated on the supposition  ..-.;,—.-/ 

that the effect is as the proportion of salt. 	I"' 
ir.- 

Quantity of salt 	Freezing point 	0 Do. by calcu- 
to too of Water. 	by experiments. 	 latip. • k._ .3•12 	 28 + 	 v... 28'5 

4.16 	 27'5   27'3 
6'25 	  25'5   25 

10'00 	 21'5   20'75 
12'80 	 18'5   17'6 
16.1   13.5    	14 
20  	9.5    	9.8 
22.2  	7•2 	• 	7 
25  	4  	4 

' . 

Of strong 5. The strong acids, namely, sulphuric and nitric, which 
acids. 	are in reality compounds containing various proportions of 

water according to their strength, have been shown by Mr. 
Cavendish, from the experiments of Mr. Macnab, to vary 
in a remarkable manner in their point of congelation ac- 
cording to circumstances. 	The following are the most 
important points respecting the freezing of these. bodies 
that have been ascertained. 

When these acids diluted with water are exposed to.cold, 
the weakest part freezes, while a stronger portion remains 
liquid; so that by the action of cold they are separated into 
two portions differing very much in strength. 	This has 
been termed by Mr. Cavendish the aqueous congelation of 
these bodieS. 

When they are very much diluted, the whole mixture, 
when exposed to cold, undergoes the aqueous congelation ; 
and in that case, it appears. from Blagden's experiments, 
that the freezing point of water is loweEed by mixing it with 
acid rather in a greater ratio than the increase of the acid. 
The following table exhibits the freezing point of mixtures 
of various weights of sulphuric acid, of the density 1.837 
(temperature 62°), and of nitric acid of the density 14511  
with 100 parts of water. 
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SULPHURIC ACID. 	 NITRIC ACID. 	Chap. IT. 

P-ofiortion 	Freezing 	Proportion 	Freezing 	\--v—i. 
of acid. 	l; 	point. 	of acid. 	 point. 

10 	' 	, 21'5   10   22 
20 	kL 1.2.5 	• 	20 	 10.5 

125   ' • 7'5   23'4  	7* ! • -, 	• 
The concentrated' acids themselves undergo congelation 

when exposed to a sufficient degree of cold ; but each of 
them has a particular strength at which it congeals most 
readily. 	When either stronger or weaker, the cold must 
be increased. 	The following table, calculated by Mr. 
Cavendish from Mr. Macnab's experiments, exhibits the 
freezing points of nitric acid of various degrees of strehgth.t 

Strength. 	Freezing point. 	Difference. 
568 	 —45'5 	 + 15.4 
538 	 —30.1 	 +12 
508 	 —18'1   + 8'7 
478 	.. 	 — 9'4 	, 	+ 5'3 
448 	 — 4'1   + 1.7 
4.18 	 — 2'4 	 — 1'8 
388 	 — 4'2 	 — 5.5 
358 	 — 9'7 	 — 8 
328 	 —17.7 	 —10 
298 	 —27.7 	 

The following table exhibits the freezing points of sulphuric 
acid of various strengths.$ 

Strength. 	Freezing point. 
977 	  + 1 
918 	  —26 
846 	  + 42 
758 	  —45 

Mr. Keir had previously ascertained that sulphuric acid 
of the specific, gravity 1.780 (at 60°) freezes most easily, 
requiring only the temperature of 46°. 	This agrees nearly 
with the preceding experiments, as Mr. Cavendish informs 

..• 
• I nil. Trans. 1788, p. 308. 
.1- The strength is indicated by the quantity of marble necessary to 

saturate 1000 parts of the acid. 	Phil. Trans. 1188, p. 174. 
Ibid. p. 181. 
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Book I. us that sulphuric acid of that specific gravity is of the 
Division I. 1 /4....-v—.0 strength 848. From the preceding table we see, that besiaet-

this strength of easiest freezing, sulphuric ac'a has another 
point of contrary flexure at a superior si-,-4ngth; 	beyond' 
this, if the strength be increased, the coldfnecessary to pro. 

• duce congelation begins again to diminish . 	c. 	.,,,. 
Dr. Black's 6. Before Dr. Black began to deliver: his chemical lec- 
opulion, tures in Glasgow in 1757, it was universally supposed that 

solids were converted into liquids by a small addition of 
heat after they have been once raised to the melting point, 
and that they returned again to the solid state on a very 
small diminution of the quantity of heat necessary to keep 
thenuat that temperature. 	An attentive view of the pheno- 
mena of liquefaction and solidification gradually led this 
sagacious philosopher to observe their inconsistence with 
the then received opinions, and to form another, which he 
verified by direct experiments; and drew up an account of 
his theory, and the proofs of it, which was read to a literary 
society in Glasgow or, April 23, 1762 ;* and every year 
after he gave a detailed account of the whole doctrine in .his 
lectures. 

That fluidi- The opinion which he formed was, that when a solid 
ty is occa- 
stoned by body is converted into a liquid, a much greater quantity of 
latent heat, heat enters into it than is perceptible immediately after by 

the thermometer. 	This great quantity of heat does not 
make the body apparently warmer, but it must be thrown 
into it .in order to convert it into a liquid; and this great 
addition of heat is the principal and most immediate cause 
of the fluidity induced. 	On the other hand, when a liquid 
body assumes the form of a solid, a very great quantity of 
heat leaves it without sensibly diminishing its temperature; 
and the state of solidity cannot be induced without the 
abstraction of this great quailtity of beat. 	Or, in other 
words, whenever a solid is converted ink a fluid, it combines 
with a certain close of caloric without any augmentation of 
its temperature ; and it is this close of caloric which occasions 
the change of the solid into a fluid. 	When the fluid is 
converted again into a solid, the dose of caloric leaves it 
without any diminution of its temperature ; and it is•_-!:.:. = 
abstraction which occasions the change. 	Thus the cornbi- 

* Black's Lectures, preface, p. 38, 
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, nation of a certain dose of caloric with ice =ties it to Chap. II. 
\--v--1  is&iime water, and the abstraction of a certain dose of 

caloric from waiter causes it to become ice. 	Water, then, is 
-. compound of .!,ce and caloric; and in general, all fluids 
Et;,!, combinations of the solid to which they may be con-
verc--1. triv,::old az-1(1a certain dose of caloric. 

Such is the ofinion concerning the cause of fluidity, 
taught by Dr. Black as early as 1762. 	Its truth was esta-
blished by the following experiments: 

First. If a. lump of ice, at the temperature of 22°, be Proved by 
brought into a warm room, in a very short time it is heated experiment  
to 32°, the freezing point. 	It then begins to melt; but the 
process goes on very slowly, and several hours elapse before 
the whole ice is melted. 	During the whole of that time its 
temperature continues at 32° ; yet as it is constantly sur-
rounded by warm air, we have reason to believe that caloric 
is constantly entering into it. 	Now as none of this caloric 
is indicated by the thermometer, what becomes of it, unless 
it has combined with that portion of the ice which is con-
verted into water, and unless it is the cause of the melting of 
the ice? 

Dr. Black took two thin globular glasses four inches in 
diameter, and very nearly of the same weight. 	Both were 
filled with water; the contents of the one were frozen into 
a solid mass of ice, the contents of the other were cooled 
down to 33°; the two glasses were then suspended in a 
large room at a distance from all other bodies, the tempera- 
ture of the air being 47°. 	In half an hour the thermometer 
placed in the water glass rose from 33° to 40°, or seven 
degrees : the ice was at first four or five degrees colder than. 
melting snow; but in a few minutes the thermometer 
applied to it stood at 32°. 	The instant of time when it 
reached that temperature was noted, and the whole left 
undisturbed for ten hours and a half. 	At the end of that 
time the whole ice was incited, except a very small spongy 
Mass, which floated at the top• and disappeared in a few 
Minutes. 	The temperature of the ice-water was 40°. 

Thus 104 hours were necessary to melt the ice and raise 
'..- .. ';product to the temperature of 40°. 	During all this 
time it must have been receiving heat with the same celerity 
as the water glass received it during the first half-hour. 
The whole quantity received then was 21 times 7, or 147° ; 
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Book I. 	but . its temperature was only 40°: therefore 139 or 140 
Division I. degrees had been' absorbed by the melting ice, and remailide' 

concealed in the water into which it had beeWconverted, its' 
presence not being indicated by the thermi,&-sieter.# 
- That heat is actually entering into the fite, is easily asco& 
tained by placing the hand or a thern-mmeter r,:nfi'.-.--f" the 
vessel containing. it. A current of cold Aielmay be perceived 
descending from it during the whole time of the process. 

But it will be said, perhaps, that the heat which enters 
into the ice does not remain there, but is altogether de- 
stroyed. 	This opinion is refuted by the following expe- 
riment. 

Second. If, when the thermometer is at 22°, we expose a 
vessel full of water at 52° to the open air, and beside it 
another vessel full of brine at the same temperature, with 
thermometers in each ; we shall find that both of them gra- 
dually lose caloric, and are cooled down to 32°. 	After this 
the brine (which does not freeze till cooled down to 4°) 
continues 	to 	cool without 	interruption, 	and gradually 
reaches 22°, the temperature of the air; but the pure water 
remains stationary 	at se°. 	It freezes indeed, but very 
slowly; and during the whole process its temperature is 32°. 
Now, why should the one liquid refuse all of a sudden to 
give out caloric, and not the other ? Is it not much more 
probable that the water, as it freezes, gradually gives out 
the heat which it had absorbed during its liquefaction ; and 
that this evolution maintains the temperature of the water 
at 32°, notwithstanding what it parts with to the air during 

' the whole process? We may easily satisfy ourselves that 
the water while congealing is constantly imparting heat to 
the surrounding air ; for a delicate thermometer suspended 
above it is constantly affected by an ascending stream of 
air less cold than the air aroUnd.t 	The following experi- 
ment, first made 	by Fahrenheit, 	alid afterwards often 
repeated by Dr. Black and others, affords a palpable evi-
dence, that such an evolution of caloric actually takes place 
during congelation. 

Third. If when the air is at 22°, we expose to it a quan-
tity of water in a tall beer glass, with a thermometer=A?..= 
and covered, the water gradually cools down to 22° without 

131acl.'s Lectures, i. 120. 	 t Ibid. i. 127, 
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five.Ting. 	It is therefore 10° below the freezing point. Chap. II, ..-..,„,,--; —̀v."")  Things being;  in this situation, if the 	be shaken, part 
of it instantl3017eezes into a spongy mass, and the tempera- 
',lire of the wlitN instantly rises to the freezing point; so 
ttrit the water his acquired ten degrees of caloric in an 
insta.i: 	:"Now, wLience came these ten degrees ? Is it not 
evident that they.- must have come from that part of the 
water which was frozen, and consequently that water in the 
act of freezing gives out caloric? 

From a gooamany experiments, which I have made on 
water in these circumstances,. I have found reason to con-
clude, that the quantity of ice which forms suddenly on the 
agitation of water, cooled down below the freezing point, 
bears always a constant ratio- to the coldness of the liquid 
before agitation. 	Thus I find that when water is cooled 
down to 22°, very nearly . 	of the whole freezes ;* when 
the previous temperature is 27°, about 1,17  of the whole 
freezes. 	I have not been able to make satisfactory experi- 
Inents in temperatures lower than 20 ; but from analogy I 
conclude, that for every five degrees of diminution of tem-
perature below the freezing point, without congelation, .-i!r, of 
the liquid freezes suddenly on agitation.• 	Therefore, if 
water could  be cooled down 28 times five degrees below 
32° without congelation, the whole would congeal instanta-
neously on agitation, and the temperature of the ice would 
be 32°. 	Now it ° deserves attention, that 5 X 28 = 140, 
gives us precisely the quantity of heat which, according to 
Dr. Black's experiments, enters into ice in order to convert 
it into water. 	Hence it follows, - that in all cases .when 
water is cooled down below 3c,_°, it loses a portion of the 
caloric which is necessary to constitute its liquidity. 	The 
instant that such water is agitated, one portion of the liquid 
seizes upon the quantity of caloric in which it is deficient at 
the expense of another portion, which of course becomes 
ice. 	Thus when water is cooled down to 22°, every particle 
of it wants 10° of the caloric necessary to keep it in a state 
of liquidity. 	Thirteen parts of it seize ten degrees each 
from the fourteenth part. 	'These thirteen of course acquire 

'.:ire temperature of 32°; .and the other part being deprived 
of 10 x 13 = 130, which with the ten degrees that it had 

.4' A medium of several experiments. 
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Book I. 	lost before constitute 140°, 	or the whole of the caloric 
Pivisic'n 1* necessary to keep it fluid, assumes of consequence the ferric"- 

of ice.  
Fourth. If these experiments should not pie considered as' 

sufficient to warrant Dr. Black's conclusieb, the followin,!;, 
for which we are indebted to the same phi!osophei‘;‘,---,:Liche, 
truth of his opinion beyond the reach "of dispute. 	He 
mixed together given weights of ice at 32° and water at 
190° of temperature. 	The ice was melted in a few seconds, 
and the temperature produced was 53°. 	The weight of the 
ice was 119 half-drams; 

	

That of the hot water    135 
of the mixture. 	 254' 
of the glass vessel  	16 

Sixteen parts of glass have the same effect in heating cold 
bodies as eight parts of equally hot water. 	Therefore, 
instead of the 16 half-drams of glass, eight of water may be 
substituted, which makes the hot water amount to 143 half- 
drams. 	 • 

In thi's experiment there were 158 degrees of heat con-
tained in the hot water to be divided between the ice and 
water. 	Had they been divided equally, and had the whole 
been afterwards sensible to the thermometer, the water 
would have retained -,HIF! parts of this heat, and the ice 
would have received - .(2 -i,  parts. 	That is to say, the .water 
would have retained 86°, and the lee would have received 
72°: and the temperature after mixture would have been 
104°. 	But the temperature by experiment is found to be 
only 530; the hot water lost 137°, and the ice only received 
an addition of temperature equal to 21°. 	But the loss of 
18° of temperature in the water is equivalent to the gain of 
21° in the ice. 	Therefore 158° — 18° = 140° of heat 
have disappeared altogether from the hot water. 	These 
1400  must have entered into the ice, art& converted it into 
water without raising its temperature.* 

In the same mariner, if we take any quantity of ice, or 
(which is the same thing) snow at 32°, and mix it with an 
equal weight of water at172°, the snow instantly melts,,and 
the temperature of the mixture is only 32°. 	Herd Bt.' 
water is cooled 140°, while the temperature of the snow is 

" Black's Lectures, i. 123. 
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: not;ncreased at all; so that 140° of caloric have disap- Chap. ii. 
'geared. 	 "---v--1  They must have combined with the snow ; but 

they have onh melted it without increasing its temperature. 
;Hence it follo'avt irresistibly, that ice, when it is converted 
t•Ato water, absor Is and combines with caloric. 

si:•:. :is .-,other d'dlicult to ascertain the precise number of 
degrees of heat nal disappear during the melting of Ice. 
Hence different statements have been given. 	Mr. Caven-
dish, who informs us that he discovered the fact before he 
was aware that it was taught by Dr. Black, states them at 
150°; Wilke at 130°*; Black at 140°; and Lavoisier and 
Laplace, at 135°. 	The mean of the whole is very nearly 
140°. 	 • 

Water, then, after being cooled down to 32°, cannot Latent heat 
freeze till it has parted with 140° of caloric: and ice, after  of water. 

being heated to 32°, cannot melt till it has absorbed 140° of 
caloric. 	This is the cause of the extreme slowness of these 
operatiorls. 	With regard to water, then, there can be no 
•doubt that it owes its fluidity to the 	aloric which it •con-
tains, and that the caloric necessary to give fluidity to ice is 
equal to 110°. 

To the quantity of caloric which thus occasions the flu-
idity of solid bodies by combining with them, Dr. Black 
gave the name of latent heat, because its presence is not in-
dicated by the thermometer : a'term sufficiently expressive, 
but other philosophers have rather chosen to call it caloric 
of . fluidity. 

Dr. Black and his friends ascertained also, by experi-
ment, that the fluidity of melted wax, tallow, spermaceti, 
metals, is owing to the same cause. 	Landriani proved 
that this is the case with sulphur, alum, nitre, and several 
Of the metals ;± and it has been found to be the case with 
every substance hitherto examined. 	We may consider it 
therefore as a genzral law, that whenever a solid is con-
verted into a fluid, it combines with caloric, and that this is 
the cause of its fluidity. 

7. The only experiments to determine the latent heat Latent heat 
of other 	bodies 	besides water, that have been hitherto ther. ho of

e
o
s. 

 
di 

 

1;lished, are those of Dr. Irvine $ and his son Mr. Wil- 

Phil. Trans. 1783, p. 313. 	 -I- Jour. de Phys, xxv, 
I slack's Lectures, i. 187. 
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Book Y. 	Liam Irvine.* 	The following table exhibits the remit .of 
Division 1. their trials. 	 • 	N.,..- -4, 

Bodies. 	 Latent heat. 	,:io. reduced to the 
ripecific heat of water. 

Sulphur - 	143'68 	i, 	27.11 _.; 
Spermaceti  	.. 145 	4 

• Lead 	  162 	.... 	'' 	5.6 
Bees  wax 	 175 
Zinc 	  493   48'3 
Tin 	  500   33 
Bismuth   550   23'25 

The latent heat of spermaceti, wax, and tin, were deter- 
mined by Dr. Irvine, that of the rest by his son. 	The 
latent heat in the second column expresses the degrees by 
which it would have increased the temperature of each of 
the bodies respectively when solid, except in the case of 
spermaceti and wax; in them it expresses the increase of 
temperature which uould have been produced upon them 
while fluid. 

Softness 
and ductili- or ty owing to 

8. Dr. Black has rendered it exceedingly probable also, 
rather he has proved by his experiments and observa- 

the same 	trolls, that the softness of such bodies as are rendered 
cause. 	plastic 	by heat depends 'upon a quantity of 'latent heat 

*Melt combines with them. 	Metals also owe their malea- 
bility and ductility to -the same cause. 	Hence the reason 
that they become hot and brittle when hammered. 

II. Thus it appears, that the conversion of solids into 
liquids is occasioned by the combination of a dose of caloric 
with the solid. 	But there is another change of state still 
more remarkable, to which bodies are liable when exposed 
to the action of heat. 	Almost all liquids, when raised to a 
certain temperature, gradually assume the form of an elastic 
fluid, invisible like air, arid possessed 'of the same mecha- 
nical properties. 	Thus water, by boiling, is converted into 
steam, an invisible fluid, 1800 times more bulky than water, 
•and as elastic as air. 	These fluids retain their elastic form 
as long as their temperature remains sufficiently high ;. but 
when cooled down again, they lose that form, and are et;'.. 
verted into liquids. 	All liquids, and even 	a 	consider. 

Nicholson's Jour. ix. 45. 
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able limber of solids, are capable of undergoing this change Chap. II. 
ittii6h sufficiently heated. ‘...—v...." 
• 2. With respect to the temperatures at which liquids 

this change, they may be all arranged under two 
Some Ho

me  tepsobtie,,:oar 
ci,"yisions. 	There are some liquids which are gradually all tempe- 
eon .->rted.- into elastic fluids at every temperature ; while 
others again never begin to assume that change till their 
temperature reaches a certain point. 	Water is a well 
known example of the first class of bodies. 	If an open 
vessel, filled with water, be carefully examined, we find 
that the water diminishes in bulk, day after day, and at last 
disappears altogether. 	If the experiment be made in a 
vessel sufficiently large,, and previously exhausted of air; we 
shall find that the water will fill the vessel in the state of 
invisible vapour, in whatever temperature it be placed : 

raotthuerrses'not. 

alcohol 	likewise, 	and ether and 	volatile oils, 	gradually 
assume the form of an elastic fluid in all temperatures. But 
sulphuric acid and the fixed oils never begin to assume the 
form of vapour till they are raised to Ti certain temperature. 

• 

Though left in open vessels they lose no perceptible weight; 
neither does sulphuric acid lose any weight though kept 
ever so long in the *temperature of boiling water. 	When 
liquids gradually assume the form of elastic fluids in all tem- 
peratures, they are said to evaporate spontaneously. 	The 
second class of liquids want that property altogether. 

3. When all other circumstances are the same, the eva- Boiling ex_ ex- A poration of liquids increases with their temperature; and  
after they are heated to a certain temperature, they assume 
the form of elastic fluids with great rapidity. 	If the heat 
be applied to the bottom of the vessel containing the liquids, 
as is usually the case, after the whole liquid has acquired 
this temperature, those particles of it which are next the 
bottom become an elastic fluid first : they rise up, as they 
are formed, throng'.; the liquid, like air-bubbles, and throw 
the whole into violent agitation. 	The liquid is then said to 
boil. 	Every particular liquid has a fixed point at which this 
boiling commences (other things being the same); and 
this is called the boiling point of the liquid. 	Thus water 

plainecl, 

I -gins to boil when heated to 212°. 	It is remarkable, 
that after a liquid has begun to boil, it never becomes 
any hotter, however strong the fire be to which it is ex- 
posed. 	A strong heat indeed makes it boil more rapidly. 

2 
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Book T. 

Division I. .....-..v„--, 
but does not increase its temperature. 	This was fiAt ob. 
served by Dr. Hooke. 	

,-. ,, 

Boiling 4. The.  following .table contains the boiling point of a 
-Points. I • number of liquids. 

Bodies. 	 Boiling 
point. Bodies. 	 . 	Boi.V.ig 

..:-Jint. 
Sulphuric ether 	96°  Muriate of lime 	- 264$ 
Sulphuret of carbon... 116 Sulphuric 	acid 	(sp, 
Ammonia. 	 110* gr. P849) 	 605* 
Alcohol 	  178 Phosphorus 	 554 
Water 	  912 Sulphur 	 570 
Nitric acid of P54 .... 	175* Linseed oil 	 600 
Nitric acid (sp. gr.1 .12) 218 Mercury 	 656 
Carbonate of potash .. 260t 

Vary with 
the 	 res- 	. 
kire. 

5. It was observed, when treating of the melting point 
of solids, that it is capable of being varied considerably by 
altering the situation of the body. 	Thus water may be 
cooled down considerably lower than 32° without freezing. 
The boiling point is still less fixed, depending entirely on 
the degree of pressure to which the liquid to be boiled is 
exposed. If we diminish the pressure, the liquid boils at a 
lower temperature; if we increase it, a higher temperature 
is necessary to produce ebullition. 	From the experiments 
of Professor Robison, it Appears that, in a vacuum, all 
liquids boil about 124° lower than in the open air, under a 
pressure of 30 inches of mercury ; therefore water would 
boil in vacuo at 88° and alcohol at 4.9°. 	In a Papin's di- 
gester, the temperature of water may be raised to 300°, or 

. 	even 400°, without ebullition : but the instant that this great 
pressure is removed, the boiling commences with prodigious 
violence. 

Elasticity of 6. The elasticity of all the elastic fluids into which liquids 
vapours in- are converted by heat, increases with the temperature; and 
creases 
wi th the 	the vapour formed, when the liquid boils in the open air, 
tempera- 	possesses an elasticity just equal to that of air, or capable at 
tires. a medium of balancing a column of mercury 30 inches high. 

The following very important table, drawn up by Mr. Dal- 
ton § from his own experiments, exhibits the elasticity of 
steam or the vapour of water of every temperature, fropi 

4.  Dalton. 
t When so much concentrated as to become nearly solid, 2800. 	• 
T. By my trials. 	 § Manchester Memoirs, v. :ht. 
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-1(pio 325°. 	The elasticities of all 	the temperatures Chap. II. 
'tom 32°  to 212°  were ascertained by experiment; the 1 /4—v-1  rest 
were calculated by observing the rate at which the elas- 
ticity increased or diminished according to the tempera- 
ture. 

• 
Table of the 

4  
na 

6- u. 
° 

LI  a ci• ... . V: d• , ; o ci•... , 	. elasticity of 
steam. 

E "On E -.5.2E- ii -5B' E 4.5.4  P. u U o  al. t, U 5 fa. 0 U u  ck u  
E F. E E 2 . E .- E 2 . E 2  E  
It t2 .E Ct t..2 .5A E4  ek .E E-1 2 .L2fei-' 

-100  '013 28°  '174. 60°  '521 93°  1'18 
-30 '020 29 .180 61 •542 94 P53 
-20 '030 30 '186 62 •560 95 1'58 
-10 '043 31 -193 63 '578 96 1'63' 

— 64 '597 97 P68 
0 '061 32 '200 65 '616 98 1.71 
I '066 32 *207 66 '635 99 P80 
2 '068 34 •214 67 '655 100 1'86 
3 •071 35 .221 68 .676 101 P92 
4. •074 86 '229 69 '698 102 1.98 
5 '076 37 '237 ' 70 '721 103 2'04 
6 •079 38 '245 71 -74.5 104 2'11 
7 •082 39 '251 72 '770 105 2'18. 
8 *085 40 '263 73 '796 106 2.25 
9' .087 41 .273 74 .823 107 2.32' 

10 -090 42 .283 75 *851 108 2'39 
11 •093 43 .294 76,  .880 109 2'16 
12 '096 44 •305 77 '910 110 2'53 
13 -100 45 '316 78 '940 111 2'60. 
14 *104 46 *328 79 '971 112 2'68 
15 -108 47 '339 80 1'00 113 2'76 
16 .112 48 -351 81 1.01 114 2.81 
17 "116 49 .363 82 1.07 115 2i12 
18 •120 50 '375 83 1.10 116 5'00. 
19 .121 51 .388 . 84 P14 117 3.08 
20 '129c-  " 52 *101 85 1'17 118 3'16 
21 •134 53 415 86 1'21 119 3'25 
22 '139 54 '429 87 P24 120 3'33. 
23' '141 55 .443 88 1'28 121 3'42 
21 '150 56 458 89 P32 122 3.50 
25 .156 57 '471 90 1'36 123 3'59 
26 •162 58 '490 91 1.40 124 3'69 
27 '168 59 *507 92 1.41 125 3.74 

 	 _ . 
oL. 1. 	 Ii 
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Book I. 	 TABLE continued. 
Division I. 4...-..v.--/ 

V. ti- V: 6-.... t. 6....- V: 6.... 
B 
'a - . >, 

04 „,.- 
v. <t)  r, O.n =  

P. ,?,  z a) - . 0.c,.. u 
- . t- 0= 

g,  ',' 	'a' 	E.; g.  t))..2 2 g.  t,.) x 2 g,  E.  'd 	,,,,. 
E=',  a..5i' Et a' ..s" El),  4 .s '' Et). ;6...E.g-' 

126°  3'89 164°  10'41 202°  24.'61 239°  48'84 
127 4.'00 165 10'68 203 25'10 240" 49'67 
128 4.11 166 10'96 204 25'61 241 50'50 
129 4.22 167 1125 205 26'13 242 51'31 
130 4'31 168 11'54 206 26'66 24.3 52'18 
131 4./7 169 11'83 207 27'20 244 53'03 
132 4'60 170 12.13 208 27/4. 24.5 53'88 
133 4/3 171 12.1.3 209 28'29 246 54.'68 
131 4.86 172 12/3  210 28'81 24.7 55'51 
135 5.00 173 13'02 211 29.41 248 56.12 
136 5!14. 174. 13'32 212 30'00 21.9 57:31 
137 5'29 175 13'62 - - '250 58'21 
138 5'11 176 13'92 213 30'60 251 59'12 
139 5'59 177 14'22 214 3121 252 60'05 
140 5'74. 178 11.52 215 3183 253 61'00 
141 5.90 179 14.83 216 32'46 254 6192 
142 6.05 180 15'15 217 33'09 '255 62'85 
14.3 6'21 181 15.50 218 33'72 256 63.76 
144 6.37 182 15'86 219 31'35 257 61'82 
145 6'53 183 16'23 220 34'99 258 65'78 
146 6.70 184 16'61 221 35'63 259 66'75 
14.7 6'87 185 17'00 222 36'25 260 67/3 
14.8 7'05 186 17'40 223 36'88 261 68/2 
149 7.23 187 17.80 224 37.53 262 69'72 
150 7'42 188 18'20 225 38.20 263 70'73 
151 7'61 189 18'60 226 38.89 264 7P74 
152 7'81 190 19'00 227 39'59 265 72'76 
153 8'01 191 19.42 228 40'30 266 73'77 
154 8'20 192 19'8Cc 229 4102 267 74.79 
155 8.40 193 20'32 230 41.75 268 75'80 
156 8'60 194 20'77 231 4.2'.4. -269 76'82 
157 8.81 195 2122 232 43'24 270 77'85 
158 9.02 196 21.68 233 44'00 271 78'89 
159 9.24 197 22'13 234 11'78 272 79'94 
160 9.4.6 198 22'69 235 45'58 273 80'98 
161 9'68 199 23'16 236 46'39 274 82'01 
162 9.91 200 23'61 237 1.7'20 275 	83'13 
163 10'15 201 24.12 238 I 48'02 276 	84'35 
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TABLE ' Willi/1mA -k;) 	•'" Chap. II. 

‘...........0 
2 0  
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Elasticity 
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of 

pours
r
. 

277°  
278 
279 
280 
281 
282 
283 
284. 
285 
286 
287 
288 
298 

• 

S5'17 
86'50 
87'63 
88/5 
89'87 
90.99 
92'11 
93'23 
94'35 
95.48 
96'64 
97'80 
98'96 

290°  
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 

100'12 
101•28 
102.45 
103'63 
104.'80 
105'97 
107'14 
108'31 
109'48 
110'64 
111'81 
112.98 

302°  
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 

111'15 
115'32 
116'50 
117'68 
118'86 
120'03 
12P20 
122'37 
123'53 
124.69 
125'85 
127'00 

314°  
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 

128'15 
129'29 
130'43 
131•57 
132/2 
133'86 
135'00 
136'14 
137'28 
138'42 
139'56 
140'70 

7. Mr. Dalton has shown, that if we consider the ex- 
pansion 'of mercury as according to the square of the tern- 
perature, then the force of vapour increases in a geome- 
trical progression, 'by 	equal increments of temperature, 
reckoning these increments upon his new thermometric 
scale. 	The ratio of the progression he finds to be 1.321. 
In like manner the force of the vapour of ether increases 
in a geometrical progression, the ratio of which is 1.2278. 
But the increase of the force of the vapour of alcohol, of 
the specific gravity 0.87, he finds to be irregular. 	He has 
drawn as a concluion from his experiments, 	that the 
vapour of all pure liquids increases in force in a geometrical 
progression to the temperature, but the ratio is different in 
different fluids, ..,Tie vapour of alcohol differs from this 
law, because it is in reality a mixture of two distinct va-
pours, namely, that of water, and that of alcohol. 

8. The specific gravity of different vapours differs ac-
cording to the nature of the liquid from which they pro- 
`.., :d. 	The following table shows 	the boiling points of 
,-arious liquids, 	and the specific gravity of the vapours 
which they form as far as the subject has been hitherto in-
vestigated.  

x2 

   
  



WO 	 IMPONDERABLE BODIES. 

Book I. 
Division I. 	 Specific gravity, %........v......." 	air being 1. 	Boiling point.-•-• 

Water 	  0.6235* 	 212° 
Hydrocyanic vapour ... 0'9476* 	79.7 
Alcohol . .   1.603* 	173 
Muriatic ether 	 2.219-1- 	 .. 	52 
Sulphuric ether 	 2,586*  	96 
Sulphuret of carbon . .. 2.644r+ 	 116 
Oil of turpentine 	 5.0134'   314$ 
Hydriodic ether 	 5'4740 	 148 

Vapoursarc 	9. Such are the phenomena of the conversion of liquids 
liquids 
combined 	into elastic fluids. 	Dr. Black applied his theory of latent 
with ca- 	heat to this conversion with great sagacity, and demon- 
loric. 	strated that it is owing to the very same cause as the con- 

version of solids into liquids; namely, to the combination 
of a certain dose of caloric with the liquid without any in- 
crease of temperature. 	The truth of this very important 
point was established by the following experiments. 

First. When a vessel of water is put upon the fire, the 
water gradually becomes hotter till it reaches 212°; after- 
wards its temperature is not increased. 	Now caloric must 
be constantly entering from the fire and combining with the 
Water. 	But as the water does not become hotter, the ca- 
loric must combine with that part of it which flies off in 
the fbrin of Stearn : but the temperature of the steam is 
only 212°  : therefore the caloric combined with it does not 

- 	increase its temperature. 	We must conclude, then, that 
the chant of water to steam is owing to the combination 
of this caloric ; for it produces no other change. 

Dr. Black put some water in a tin-plate vessel upon a red 
hot iron. 	The water was c'' the temperature 50°  : in four 
minutes it began to boil, and in 20 minutes it was all boiled 
off. 	During the first ibur minutes it had'received 162°, or 
404° per minute. 	If we suppose that it received as much 
per minute during the whole process of, boiling, the caloric 
which entered into the water and converted it into steam 

Gay 1,tissae, A1111. de Chico. xci. p. 95, 150.—Ann. de Chico. , 
Phys. i. 218. 

f Thenard. Mem. D'Arcueil, i. 121 
I By dly .pxperitnent. 
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ip 

WOUWaMOUnt to 40t x 20 = 8100.° 	This caloric is not Chap. II. 
:indicated by the thermometer, for the temperature of steam \---v---j  
is only 212°; therefore Dr. Black called it latent beat. 

Second. Water may be heated in a Papin's digester to 
'100° without boiling: because the steam is forcibly  com- 
pressed,, 	and prevented from making its escape. 	If the 
mouth of the 	vessel be 	suddenly opened while things 
are in this state, part of the water rushes out in the form 
of steam, but the greater part still remains in the form of 
water, and its temperature instantly sinks to 212° ; conse- 
quently 188° of caloric have suddenly disappeaied. 	This 
caloric must have beerpcarried off by the steam. 	Now as 
only about +th of the water is converted into steam, that 
steam must contain not only its own 188°, but also the 
188° lost by ,each of the other four parts ; that is to say, it 
must contain 188° x 5, or about 910°. 	Steam, therefore, 
is water combined with at least 940° of caloric, the pre- 
sence of which is not indicated by the thermometer. 	This 
experiment was first made by Dr. Flack, and afterwards, 
with more precision, by Mr. Watt. 

Third. When hot liquids are put under the receiver of 
an air pump, and the air is suddenly drawn off, the liquids 
boil, and their temperature sinks with great rapidity a con- 
siderable number of degrees. 	Thus water, however hot at 
first, is very soon reduced to the temperature of 70° ; and 
ether becomes suddenly so cold that it freezes water placed 
round the vessel which contains it. 	In these cases the 
vapour undoubtedly carries off the heat of the liquid ; but 
the temperature of the vapour is never greater than that of 
the liquid itself: the heat therefore must combine with the 
vapour, and become latent. 

Fourth. If one part of steam at 212° be mixed with nine 
parts by weight of water at 62°, the steam instantly as-
sumes the limn of dater, and the temperature after mixture 
is 178.6'; ,consequently each of the nine parts of water has 
received 116.6° of caloric; consequently the steam has lost 
9 x 116.6° = 10494° of caloric. 	But as the temperature 
of the steam is diminished by 33'3°, we must subtract this 
.911m. 	There will remain rather more than 1000°, which is 
.he  quantity of caloric which existed in the steam without 

* Black's Lectuies, i. i570 94“?.dt 
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Book I. increasing its temperature. 	This experiment canii;s1 be 
D
1/4......v....i

ivision I. made di 	 : directly •, but it may be made by passing a given 
weight of steam through a metallic worm, surrounded by a 
given weight of water. 	The heat acquired by the water in- 
dicates the caloric which the steam gives out during its con-
densation. From the experiments of Mr. Watt made in this. 
manner, it appears that the latent heat of steam amounts 
to 040°. The experiments of Mr. Lavoisier make it rather 
more than 1000°. 	According to Rumford it amounts to 
1010-8°. The latent heat of the vapour of boiling alcohol ac-
cording to the same experimenter is between 477° and 5000.* 

By the experiments of Dr. BlaCk and his friends, it was 
ascertained, that not only water, but all other liquids during 
their conversion into vapour, combine with a close of ca-
loric, without any change of temperature; and that every 
kind of elastic fluid, during 	its conversion into a liquid, 
gives out a portion of caloric without any change of tem- 
perature. 	Dr. Black's law, 	then, is very general, 	and 
comprehends every Change in the state of a body. 	The 
cause of the conversion of a solid into a liquid is the com-
bination of the solid with caloric; that of the conversion 
of a liquid, into an elastic fluid is the combination of the 
liquid with caloric. 	Liquids are solids combined with ca- 
loric; elastic fluids are liquids combined with caloric. 	This 

General law, in its most general form, may be stated as follows : 
law disco-
vered by whenever a body changes its state, it either combines with 
Dr. Black, 

. 
caloric or separates from caloric. 

No person will dispute that this is one of the most im- 
portant discoveries hitherto made in chemistry. 	Science 
seems indebted for it entirely to the sagacity of Dr. Black. 
Other philosophers indeed have laid claim to it; but these 
claims are either without any foundation, or their notions 
may be traced to Dr. Black's lectures, or their opinions 
originated many years posterior to the Ptfo'Ha explanation of 
Dr. Black's theory in the chemical chairs of Glasgow and 
Edinburgh.  

Gases. M. A very considerable number of bodies, both solids 
and liquids, may be converted into elastic fluids by heat; 
and as long as the temperature continues sufficiently hie, 
they retain all the mechanical properties of gaseous bodies. 

Gilbert's Annalen, xlv. 312. 
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It is,„41xceedingly probable, that if we could command a Chap. II. 
teat sufficiently intense, the same change might be pro- 
duced on all bodies in nature. 	This accordingly is the 
opinion at present admitted by philosophers. 	But if all 

-̀""\e--1  

Supposed 
bodies are convertible into elastic fluids by heat, it is ex- to  q,,ibde 1  s 	0-Tn.  
ceedingly probable, that all elastic fluids in their turn might 
be converted into solids or liquids, 	if we could expose 
them to a low enough temperature. 	In that case, all the 
gases must be supposed to owe their elasticity to a certain 
dose of caloric : they must be considered as compounds of 
caloric with a solid or liquid body. 	This opinion was first 
stated by Amontons ; and it was supported, with much in-
genuity, both by Dr. Black and by Lavoisier and his asso- 
ciates. 	It is at present the prevailing opinion ; and it is cer- 
tainly supported not only by analogy, but by several very 
striking facts. 

1. If its truth be admitted, we must consider all the 

biped with., 
caloric.  

Condensed 
gases 	as capable of losing their elasticity by depriving 
them of their heat : 	they differ merely from the va- 
pours in the great cold which is necessary to produce 
this change. 	Now the filet is, that several of the gases 
may be condensed into liquids by lowering their tem- 
peratures. 	Ammoniacal gas condenses into a liquid at 

by cold, 

— 45°. 	None of the other gases have been hitherto con- 
densed. 

2. It is well known that the condensation of vapours is And pre§. 
greatly assisted by pressure; but the effect of pressure di- 
rninishes as the temperature of vapours increases. 	It. is 

"re• 

Very likely that pressure would also contribute to assist the 
condensation of gases. 	It has been tried without effect in- 
deed in several of them. 	Thus air has been condensed till 
It was heavier than water; yet it showed no disposition to 
lose its elasticity. 	But this may be ascribed to the high 
temperature at..F".....e.h the experiment was made relative to 
the point at' which air would lose its elasticity. 

3. At the same time it cannot be denied, that there are 
several phenomena scarcely reconcileable to this constitu- 
tion of the gases, ingenious and plausible as it is. 	One of 

Objections 
he 

n 
 to 
io

t
n 
	opt- 

/he most striking is the sudden solidification which ensues 
when certain gases are mixed together. 	Thus when am- 
moniacal gas and muriatic acid gas are mixed, the product 
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Book I. is a solid salt: yet the heat evolved is very inconsta.;:able, 
Divisi"I' if we compare it with the difficulty of condensing these 

gases separately, and the great cold which they endure be- 
fore losing their elasticity. 	In other cases, too, gaseous 
bodies unite, and form a new gas, which retains its elas- 
ticity as powerfully as ever. 	Thus oxygen gas and nitrous 
gas combined form a new gas, namely, nitric acid, which 
is permanent till it comes into contact with some body on 
which it can act. 

' 	III. CHANGES IN COMPOSITION. 

Caloric de- Caloric not only increases the bulk of bodies, and changes 
rocuso.ses their state from solids to liquids and from liquids to elastic 

fluids; but its action decomposes a great number of bodies 
altogether, either into their elements, or it causes these 
elements to combine in a different manner. 	Thus when 
ammonia is heated to redness, it is resolved into azotic and 
hydrogen gases. 	Alcohol, by the same heat, is converted 
into carburetcd hydrogen and water. 

1. This decomposition is in ninny cases owing to the dif-
ference between the volatility of the ingredients of a com- 
pound. 	Thus when weak spirits, or a combination of alco- 
hol and water, are heated, the alcohol separates, because it 
is more volatile than the water. 

2. In general, the compounds which are but little or not 
at all affected by heat, are those bodies which have been 

• formed by combustion. 	Thus water is not decomposed by 
any heat which can be applied to it; neither are phosphoric 
or carbonic acids. 

3. Almost all the combinations into which oxygen enters 
without having occasioned combustion, are decomposable 
by heat. 	This is the case with nitric ..-nr,i41, and many of 
the metallic oxides. 

4. All bodies that contain combustibles as component 
parts are decomposed by heat. 	Perhaps the metallic alloys 
are exceptions to this rule ; at least it is not in our power to 
apply a temperature high enough to produce their decom-
position, except in a few cases. 

.5. When 	two 	combustible 	ingredients 	and likewise 
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oxyrii. occur together in bodies, they are always very easily Chap. U. 

decomposed by heat. 	This is the case with the greater '"-",e'""d  
number of animal and vegetable substances. 

But it is unnecessary to enlarge any farther on this sub- 
ject, as no satisfactory theory can be given. 	The decom-
positions will all be noticed in describing the different com-
pounds which are to occupy our attention in the subsequent 
part of this work. 

SECT. V. 

OF THE QUANTITY OF CALORIC BODIES. 

HAVING, in the second section of this chapter, shown 
that caloric is capable of moving through all bodies; and 
in the third, *that it gradually diffuses itself through all 	• 
•contiguous bodies in such a manner that they assume the 
same temperature—the next point of discussion which pre- 
sented itself was the quantity of caloric in bodies. 	When 
different bodies have the same temperature, do they con- 
tain the same quantity of caloric in bodies. 	When differ- 
ent bodies have the same temperature, do they contain the 
same quantity of caloric ? 	Is the same quantity necessary 
to produce the same change of temperature in all bodies ? 
What is the point at which a thermometer would stand if 
it were plunged into a body deprived of heat altogether? 
or what is the commencement of the scale of temperature? 
But these questions could not be examined with any chance 
of success while we were ignorant of the effects which ca-
loric produces on bodies ; because it is by these effects alone 
,that the quantity of caloric ' in bodies is measured. 	This 
rendered it necref,,ry for us to employ the fourth section in 
the examination of these effects. 	Let us now apply the 
knowledge which we have acquired to the investigation of 
the quantity of caloric in bodies. 	This investigation na- 
turally divides itself into three 	parts : 	1. The relative 
quantities of caloric in .bodies, or the quantities in eaelt 
necessary to produce a given change of temperature. 	This 
is usually termed specific caloric. 	2. The absolute quantity 
of caloric which exists in bodies. 	.$, The phenomena of 
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Book I. 	cojd, or the absence of caloric. 	These three topicsbal/ 
Division I. be examined in order. 

I. OF THE SPECIFIC CALORIC OF BODIES. 

Specific ca- If eqtial weights of water and spermaceti oil, at different 
loric ex-
plained. temperatures, be mixed together and agitated, it is natural 

, 
to expect that the mixture would acquire the mean tempe- 

. rature. 	Suppose, for instance, that the temperature of the 
water were 100°, and that of the oil 50°, it is reasonable to 
suppose that the water would be cooled 25° and the oil 
heated 25°, and that 'the temperature after the mixture 
would be 75°. 	But when the experiment is tried, the 
result is very far from answering this apparently reasonable 
expectation: 	for the temperature after mixture is 84° ; 
consequently the water has only lost 161.-, while the oil has 
gained 33+. 	On the other hand, if we mix together equal 
weights of water at 50°, and oil at 100°, the temperature, 
after agitation, will be only 66+, so that the oil has given 
out 334, and the water has received only 161. 	This expe- 
riment demonstrates that the same quantity of caloric is 
not required to raise spermaceti oil a given number of 
degrees which is necessary to raise water the same number. 
The . quantity of caloric which raises the oil 121, raises 
water only 64.; consequently the caloric which raises the 
temperature of water 1° will raise that of the same weight of 
spermaceti oil 2°. 

If other substances be tried in the same manner, it will 
' 	be found that they all differ from each other in the quantity 

of caloric which is necessary to heat each of them to a 
given temperature ; some requiring more than the same 
weight of water would do, others less; but every one requires 
a quantity peculiar to itself. 	'Now the quantity of caloric . 
which a body requires, in order to be hc;•tal. to a certain 
temperature, (one degree for instance,) is called ':-he specific 
caloric of that body. 	We do not indeed know the absolute 
quantity of caloric which is required to produce a certain 
degree of heat in any body; but if the unknown quantity 
necessary to heat water (one degree for instance) be made 
= 1, we can determine, by experiment, how much more; 
or much less caloric other bodies require to be heated the 
same number of degrees. 	Thus if we find by trial that the 
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quariiity of caloric which heats water 1°, heats the same Chap. 11. 

\---v---1  weight of spermaceti oil 2°, 	it follows, that the specific 
caloric of water is two times greater than that of the oil ; 
therefore if the specific caloric of water = 1, that of sper- 
maceti oil must be = 0'5. 	In this manner may the specific 
caloric of all bodies be found. 

That the specific caloric of bodies is different, was first History. 
pointed out by Dr. Black in his lectures at Glasgow between 
1760 and 1765.* 	Dr. Irvine afterwards investigated the 
subject between 1765 and 1770 ;t and Dr. Crawford pub-
lished a great number of experiments on it in his Treatise 
on Heat. 	These three philosophers denoted this property 
by the phrase capacity of bodies for beat. 	But Professor 
Wilcke of Stockholm, who published the first set of experi-
ments on the subject, introduced the term specific caloric; 
which has been generally adopted, 	because the phrase 
capacity for caloric is liable to ambiguity, and has introduced 
confusion into this subject4 

. 	The experiments of Mr. Wilcke Were first published in 
the Stockholm Transactions for 1781.§ 	The manner in 
which they were conducted is exceedingly ingenious, and 
they furnish us with the specific caloric of many. of the 
metals. 	The metal on which the experiment was to be 
made was first weighed accurately (generally one pound 
was taken), and then being suspended by a thread, was 
plunged into a large vessel of tin-plate, filled with boiling 
water, and kept there till it acquired a certain temperature, 
which was ascertained by a thermometer. 	Into another 
small box of tin-plate exactly as much water at 32° was put 
as equalled the weight of the metal. 	Into this vessel the 
metal was plunged, and suspended in it so as not to touch 
its sides or bottom ; and the degree of heat, the moment 

4' Illack's_Leetures, i. 504. 	 f Ibid. 4, I The term specific caloric has been employed in a different Anse by 
Seguin. 	He used it for the whole caloric which a body contains. 

§ Mr. Wilcke quotes Klingenstjerna as the author who first started 
the doctrine of the difference between the specific heat of bodies. 	Kongl. 
Vetenskaps Academiens nya handlingar, tom. ii. for 1781, p. 49. . I 
have been informed by the late Professor Robison, that Wilcke's informa-
tion was first got from a Swedish gentleman, who attended Dr. Black's 
lectures about 1770. 	But I do not know on what evidence he founded 
his statement. 
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Book I. 	the metal and water were reduced to the same temperature, 
Division I. was marked by a very accurate thermometer. 	From the 

change of temperature, he deduced, by an ingenious calcu-
lation, the specific caloric of the metal, that of water being 
considered as unity. 

Next, in point of time, and not inferior in 	ingenious 
contrivances to ensure accuracy, were the experiments of 
Dr. Crawford, made by mixing together bodies of different 
temperatures. 	These were published in his Treatise on 
Heat. 	In the first edition many errors had crept into his 
deductions, from his not attending to the chemical changes 
produced by mixing many of the subjects of his experiments. 
These were corrected by his subsequent experiments, and 
the corrections inserted in his second edition. 	The method 
which he employed was essentially the same with that 
which had been at first suggested by Dr. Black. 	Two 
substances of different temperatures were mixed uniformly; 
and the change of temperature produced on each by the 
mixture was considered as inversely proportional to its 
specific caloric.* 

To the labours of this ingenious experimenter we are 
indebted for some of the most remarkable facts respecting 
specific caloric that are yet known.t 

Several experiments on the specific caloric of bodies were 
made also by Lavoisier and Laplace, which from the well-
known accuracy of these philosophers cannot but be very 
valuable. 

Their method was extremely simple and ingenious; it 

* The specific caloric of water being considered as 1, the formula was 
as follows : Let the quantity of water *(which usually constituted one of 
the substances mixed) be W, and its temperature w. 	Let the quantity 
of the other body, whose specific caloric is to be ascertained, be B, and 
its temperature b. 	Let the temperature after mixture be m. 	The spe- 

cific 	of B is 1‘173: 7 —w ,or,w6n 	 the hotter of caloric 	 . 
• b - 71I 

W X to — m the bodies mixed,  he 	 of B is 	 See Black's specific caloric 	 __. Bx 	ni,.... b  
Lectures, i. 506. 

f To form an adequate notion of the delicacy of Dr. Crawford's expe- 
riments, it will be necessary to peruse his own account of the precautions 
to which he had recourse. 	See his Experiments on Animal Heat and 
Combustion, p. 90. 	Seguin, in his Essay on Heat, Ann. de Chim. iii. 
148, has done little else than translate Crawford. 
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'was Arst suggested by Mr. Laplace. 	An instrument was. Chap. II. 
"contrived, to which Lavoisier gave the name of calorimeter. 'V 

It consists of three circular vessels nearly inscribed into 
each other, so as to form three different apartments, one 
within the other. 	These three we shall call the interior, 
middle, 	and external cavities. 	The interior cavity into  
which the substances submitted to experiment are put, is 
composed of a grating or cage of iron wire, supported by 
several iron bars: 	Its opening or mouth is covered by a lid, 
which is composed of the same materials. 	The middle 
cavity is filled with ice. 	This ice is supported by a grate, 
and under the grate is placed a sieve. 	The external cavity 
is also filled with ice. 	We have remarked already, that 
ho caloric can pass through ice at 32°. 	It can enter ice, 
indeed, but it remains in it, and is employed in inching it. 
The quantity of ice melted, then, is a measure of the caloric 
which has entered into the ice. • The exterior and middle 
cavities being filled with ice, all the water is allowed to 

• drain away, and the temperature 6f the interior cavity to 
come down to 32°. 	Then the snbstance, the specific caloric 
of which is to be ascertained, is heated a certain number of 
degrees, 	suppose to 212°, 	and immediately put into the 
interior cavity inclosed in a thin vessel. 	As it cools, it 
melts the ice in the middle cavity. 	In proportion as it 
melts, the water runs through the grate and sieve, and falls 
through the conical funnel and the tube into a vessel placed 
below to receive it. 	The external cavity is filled with ice, 
in order to prevent the external air from approaching the 
ice in the middle cavity, and melting part of it. 	The water 
produced from it is carried off through a pipe. 	The 
external air ought never to be below 32°, nor above 4.1°. 
In the .first case, the ice in, the 	middle cavity might be 
Cooled too low; in the last, a current of air passes through 
the machine„a.r_.icarries off some of the caloric. By putting 
various substances at the same temperature into this machine, 
and observing how much ice each of them melted in cooling 
down to 32°, it was easy to ascertain the specific caloric of 
each. 	Thus if water, in cooling from 212° to 32°, melted 
one pound of ice, and spermaceti oil 0'5 of a pound; the 
specific caloric of water was one, and that of the oil 0%5. 
This appears by far the simplest method of making experi- 
ments on this subject, and must also be the most accurate, 

6 
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Book I. 	provided we can be certain that all the melted snow falls. 
Division I. into the receiver. 	But from an experiment of Mr. Wedge-,  

wood, one would be apt to conclude that this does not 
happen. 	He found that the melted ice, so far f'rom flowing 
out, actuallyfroze again, and choaked up the passage. 

A table of the specific caloric of various bodies was likewise 
drawn up by Mr. Kirwan, and published by Magellan in 
his Treatise on Heat. 	Mr. Meyer published a set of expe- 
riments on the specific caloric of dried woods; and Mr. 
Leslie, in his Essay on Heat, has given us the result of his 
experiments on various bodies. 	The experiments of Meyer 
were made by ascertaining the rate of cooling of the same 
bulks of different bodies. 	From this he deduced their con- 
ducting power for heat ; and he considered the specific-
caloric as the reciprocal of the product of the conducting 
power multiplied into the specific gravity of the body.* 
Mr. Leslie likewise made his observations by ascertaining 
the time that various bodies of equal bulks took up in cool- 
ing in the same circumstances. 	He then multiplied the 
proportional numbers thus got into the specific gravity of 
the various bodies tried.t 

Mr. Dalton has also turned his attention to this import-• 
ant subject, 	and has published a table of the specific 
heats of different bodies. 	His method was similar to that 
employed by Leslie; and Mr. Dalton informs us that he 
found that method susceptible of considerable precision. 

Count Rumford, who had attached himself in a parti-
cular manner to the science of heat, likewise made some ex- 
periments on the specific heat of various bodies. 	But his 
results differ very much from those of the other experi-
menters, that have turned their attention to the subject and 
are probably not so accurate. t 

In the year 1813, a most ehiborate set of experiments was 
published by Delaroche and Berard on t1-43,,specific heat of 
gaseous bodies—a subject which had occupied the particular 

Let L be the conducting power, A the specific caloric, and M the 

Lam,specific gravity. 	According to Meyer we have A -_,.. 	See Ann. de 

Chim. xxx. 46. 
t See Leslie on ITeat, p. 240. 
I His mode of making the experiment may be seen in the Philosophical 

Magazine, xliii. 212, or in Gilbert's Annalen, xlv. 306. 
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attention of Crawford, and likewise of Lavoisier and Lap- Chap. II. 
lace. 	But the methods employed by these philosophers had L --v---1  
not acquired the confidence of chemists. 	The process of 
Delaroche and Berard was somewhat difficult of execution ; 
but seems in skilful hands to be susceptible of  considerable 
precision, and as far as appears the experiments were con- 
ducted with the utmost care. 	 . 

The following table exhibits a view of the specific heats Table of 
of various bodies as they have been determined by the dif- iipeeactsifi.c  
erent experiments hitherto made: 

I. GASES REFERRED TO AIR.'' 

Same bulk. 	Same weight. 
Air 	  P0000 	 P0000 
Hydrogen 	 0'9033 	12'3401 
Carbonic acid 	.... 1.2583   0'8280 
Oxygen 	 0'9765 	 0'8818 
Azote 	  P0000 	 P0318 _, 
'Oxide of azote 	.... 13503   0'8878 
Olefient gas   1.5530 	 P5763 
Carbonic oxide .... P0340 	 P0805 

GASES REFERRED TO Sp. Caloric. 
WATER. Water   1.0000 

Steam 	 P5500*  Same weight. 
Water  	1.0000 III. SALINE SOLUTIONS. 
Air  	0'2669 Carbonate of 1. 	0•8511- 
Hydrogen  	3'2936 ammonia 	f 	0'95 (D) 
Carbonic acid  	0'2210 Sulphuret of 
Oxygen  	0'2361 arnm. (0.818) f 0P994t 
Azote  	0.2754 Sulphate of 
Oxide of azote  	0'2369 magnesia 	.. 1 	0•844t 
Olefiant gas 	.  	0'1207 Water 	 2 
Carbonic oxide . 	0'2881 Common Salt 1 A 
Aqueous vapati?:: 	0.8470 Water 	 8 f  0•832t 

45 Ditto (P197) .. • . 0•78(D) 'II. WATER.. Nitre 	1 
Sp. Caloric. Water 	8 1 — • • O.81671 

f 0•9000t Ice 	 1 •8000(a) 
Nitre 	1.Z 
Water 	3 5 	. . . , 0'646f 

• See Ann. de Chim. lxxxv. 72, or Annals of Philosophy, ii. 134. 
t Delaroche and Berard. Annals of Philosophy, ii. 291. 
$ Ibid. ii. 432. 
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Bottle I. 	 Sp. Caloric. Sp. Caloric. 
Division I.' Carbonate 
‘-‘,--1  potash 

of 	? 
(1.30) 	S °15(3) V. INFLAMMABLE LIQUIDS. 

Muriate of am- ,- 	1'086t 
monia .... 	1 	0.798-1- 0•930(a) 

Water .... 1'5 (0•817) 	0•70(D) 
Tartar .... 	1 	 1 0.734-1- 0'6666* 
Water .. 237.3 f Alcohol.e 0.64 (L) 
Sulphate of 0.602* 
iron .. .. 1 	 0'764 (0.853) 	0.5897811 

Water .. 2'5 (0'818) 	0'5499311 
Sulphate of 1_(.848) 	'76(D) 
soda 	.. 1 	1 	 0.720 

Water .. 2.9 
, , 	(0.76) 10.66(D) "Suipn.ether(. _ 7z9) 	0'5132911 

Alum 	.... 1 
Water .... 2.9 i 0•649-1. 01181 0 

Oil of olives .. 	0.50(L) 
Nitric acid 	9' 1 0'6189$ 0'4384911 
Li me 	.... 1 -  f 
Ditto (140) 	 0.62(D) Linseed oil 	C 0.528+ 

' ' 	Z 0.4519211 
Solution of br. 0.5000* -t• } 0.086 oil sugar 0.52(D) Spermaceti { 

Ditto (1.17) 	 0.77(D) 0.172t 
Oil of turpent. 	0.400(a) 

IV. ACIDS AND ALKALIES. 0.3385611 
Vinegar 	 0.92(D) Naphtha 	 0.4151911 

pale 	....0.8441 Spermaceti 	 0'399  1' 
(1.20) 	.. 0'76(D) Ditto fluid   0.320(a) 

Nitric 	(1.2989){ 0•6613$ VI. ANIMAL FLUIDS. 
acid. 0.62(L) 

1.30 	.... 0.66(D) 1.0300* Arterial blood (P355 	.. 0'570 { 0.913(b) 
(1.36) 	..0.63(D) 0'8928* 

Muriatic f (P122)0.6801* 
1_1.153 	0.60(D) 

r(1•885) .. 0/58+ 0•98(D) 

Venous blood {  0.903(b) 
Covi 	'{ 0.9999*  .s milk 	.., 

S ulph.< 

Do. 4. 

I (P872) 	1-°.429Tt  
1  1'844 	0•35(D) 
1 (P87) 	0•3315$ 
L 	0.333(a) 
Water 5 	0.6634 

t_  0.34(1,1 1  VII. ANIMAL SOLIDS. 
. 	*;'-' 	• Ox-hide with ha..; 0.7870* 

Lungs of a sheep 	0.7690* 
Lean of ox-beef 	 0.7400* 

Do. 4. do. 3 	.... 0'6034 
Do. equal bulks .. 0.52(D) vnt. VEGETABLE SOLIDS. 

Acetic acid (1.056) 0.66(D) Pinus sylvestris   0•651IT • 
Potash (P346) 	.. 0.7591 Pinus abies 	 0'601 

	

Amin.  (0.997) 	r 0.7081 

	

(0.948) 	1. 1 03(D) 
Tilea Europtea   0•621 
Pinus picea 	 0.581! 
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Sp. Caloric. 

Pyrus malus 	.... 0•5711 
Sp. Calorie. 

x. 	.. 
Chap. II. 

Betula alnus 	.... 0..535 
Sulphur 	0.11893(tD)  { 0 .--"'.‘" -"-d 

Cotton  ' 	0'53 Muriate of soda 	 0.23(D) 
Quercus robur 	1 0..51/  

sessilis xr. METAL& 
Praxinus excelsior 0.511 
Pyrus communis .. 0.505 Platinum 	 0.13(a) 
Rice   0.5060* r  0•143(a) 
horse beans 	.. 	 0.5020* 0.13(D) Dust of the pine) 0'5000* tree 
Peas   0.4920* 
Vaigus Sylvatica 	 0.49¶ 

Iron 	 

(7'876) . 	 

0'1251-
0.1269* 
0.1264 
0.1123* Carpinus betulus .. 0.485 

l3etula alba 	 0.4811 
Wheat   0.4770* 
Elm 	 

Brass (8.356) .. 	0•116§ 
0.11(D) 
0.1111* 0•471i 

Quercus robur Copper (8.784) 	0.1144 
1 0'45¶ pedunculata 

Prunus domestica 	0.44¶ 
0'11(D) Sheet iron 	.. .. . , 0'10991 

Gun ujetal .. .. .. royaspyrus 0.110011
Barley 

	

	 
ebenum 0.431 

0.4210* Nickel 	 .. .. 0•10(D) 
Oats   0.4160* Zinc (7.151) 	.. 	0.10

43*
4

0'09 
C 0.28(D) Pit-coal 	.... 	z 0.2777* 0•10(D) 

Charcoal 	 0'2631* Silver 	(10'001 	f 0.0824 
Cinders- 	 0.1923* . 	( 0•08(D) 

0'068f 1  
IX. EARTHY BODIES, Tin 	.. 	

. . 
0'0704* 

STONEWARE, AND GLASS.  0'07(D) 

hydrate of lime 	 0.40(D) 
Chalk 

to 

	

 	{ 0.2564* 
0-27(D) 

Antim y  on 	. ‘ . 
(6.107) 

r 0
0

:0
0
8
60k  

0'0645 . 
i 0•063§ 

0'30 
Quicklime  	0.2229* 

(D) 
' Gold (19'040) 

0•06( 
C 0'050§

D)  

0'2164 Z.  0•05(D) 
Ashes of it coal . . 0'1855* ... 	 r 0'050'}• 
Ashes of eim .... 0'1402* 1-ead 	1 0.0352* 
Agate (2.i48) .. .. 0.1954 01'45% .. 0* 4 § 1 0 2 
Stoneware  	0.195t 
Crown glass 	.... 0.200(a) Bismuth (9.8%1 ) 

0'04(D) 
S 0.043§ Crystal   0'1929t t 0'04(D) Swept) G1ass(2.386)0.1874 0.033f 

Flint glass 	• • 	1 0.19(D) 
0.1741 • Mercury .. , 

' 
0.0357* 
0•0290t 

VOL, I. 	 r 0.0196(D) 
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Book I. • Sp. Caloric. Sp. Caloric. 
Division I. 
..—..v.—..., XU. OXIDES. 

Oxide of iron .. .. 01201' 
Rust of iron 	.... 0.2500* 

Oxide of copper, i 0.2272* • do. 
Oxide oflead and

} 
 0.102t tin 

Ditto nearly free  0.1666* Oxide of zinc, do. 0.1369' 
from air 

White oxide of -t.  0'220 
antim. washed f 0'2272* 

Oxide oftin near- 0'0990* ly freed from 0•096t air 
freed} 0 Do. nearly 	 '16664 '1' from air 

Yellow oxide ofR 0.0680* 
lead, do. 	3 0.068' 

The following are the most important points respecting 
the specific caloric of bodies hitherto investigated. 

General re- 
salts. 

1. Dr. Crawford made a great many experiments relative 
to the specific caloric of bodies at different temperatures, 
and the result of them was, that it is nearly permanent in the 
same body, while that body remains in the same state. 	His 
reasoning is founded upon two suppositions, neither of which 
have been sufficiently,prOved : 1. That the mercurial ther- 
mometer is an accurate measure of heat; 2. That heat does 
not unite chemically to bodies. 	With these data he shows, 
that the specific caloric of water does not vary at different 
temperatures. 	And, . finally, by mixing bodies at various 
temperatures with water, he established the permanency of 
their specific calorics.t 	As this reasoning is founded on 
inadmissible suppositions, it is not quite legitimate. 	Mr. 
Dalton has lately endeavoured to show that the specific heat 
of all bodies increases with their temperature ; and his rea- 
soning, though not quite conclusive, is at least very plausible 
and probable. 

2. Whenever a body changes its state, its specific caloric 
changes at the same time, according to the following law. 
When a solid becomes a HOW, or a liquid an elastic fluid, 
the specific caloric increases ; when an elastic fluid be- 
comes a liquid, or a liquid a solid, the spec' iticgdoric dimi- 
nishes. 	This very important discovery was made by Dr. 
Irvine, and applied by him, with much sagacity, `to the ex- 

* Crawford ; t Kirwan ; I Lavoisier and Laplace; § Wilke; ¶ Meyer; 
(L) Leslie; if Count Rumford; (D) Dalton, New System of Cpemieal 
Philosophy, p. 62. 	(a) Irvine. Essays, p. 8.1 and 88. 	(b) John4)avy, 
Phil. Trans. 1814, p. 593. 

-I- Crawfbrd on Ileat, p. 33. 	 • 
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planation of a great variety of curious and important phe- Chap.1I. 
nomena. %......v....—.0 

3. The specific caloric of bodies is increased by combining 
them with oxygen. 	Thus the specific caloric of metallic 
oxides 'is greater than that of metals, and of acids than of 
their bases. 	This fact was discovered by Dr. Crawford, 
and constituted the foundation of his theory of animal heat. 

4. The specific caloric of oxygen is diminished when it 
enters into combination with inflammable bodies. This was 
also established by Dr. Crawford, though not in a manner 
quite so satisfactory. 

II. 	OF THE ABSOLUTE QUANTITY OF BEAT .IN 
BODIES. 

Thus we see that the relative quantity of caloric is very 
different in different bodies, even when they are of the same 
temperature by the test of the thermometer. 	It is obvious, 

-therefore, that the thermometer is not capable of indicating 
the quantity of caloric contained in  bodies : since, not to 
mention the specific caloric, the presence of the caloric which 
occasions fluidity is not indicated by it at all. 	Thus steam 
at 212° contains 1000° more caloric than water at 212°, yet 
the temperature of each is the same. 	Is there then any me- 
thod of ascertaining the absoldte quantity of caloric which a 
body contains? At what degree would a thermometer stand 
(supposing the thermometer capable of measuring so low,) 
were the body to which it is applied totally deprived of 
caloric? or, What degree of the thermometer corresponds 
to the real zero ? 

The first person, at least since men began to think accu-
rately on the subject, who conceived the possibility of deter- 
mining this question, was Dr. Irvine of Glasgow. 	He in- 
vented a theorem, in order to ascertain the real zero, which 
has, I knr.lv not for what reason, been ascribed by several 
writers to: Mr. Kirwan. 

1. It ii obvious, that if the specific caloric of bodies con-
o 

 
tinues the same at all temperatures, the absolute quantity f 
ealoric‘in bodies must be proportional to the specific caloric: 

Hypothesis 
voifi_ 

 

' 
Thus' if the specific caloric of spermaceti oil be only half of 
that of water, water must contain twice as much caloric as 

1 2 
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Book I. 	spermaceti oil of the same temperature. 	Let us suppose 
1)ivisi°n I.  both bodies to be totally deprived of caloric, and that we 

apply to them a thermometer, the zero point of which indi- 
cates absolute cold or a total deprivation of heat. 	To raise 
the oil and water one degree, we must throw in a certain 
quantity of heat, and twice as much heat will be necessary 
to produce the effect upon the water as on the oil. 	To pro- 
duce a temperature of two degrees, the same rule must be 
observed ; and so on for three, four, and any number of de- 
grees. 	Thus at all temperatures the water would contain 
twice as much caloric as the oil. 

2. This supposition, that the specific caloric of bodies 
continues the same at all temperatures, was the foundation 
of Dr. Irvine's reasoning. 	He had ascertained, that when a 
body changes from a solid to a liquid, its specific caloric at 
the same time increases; and that the same increase is ob-
servable when a liquid is converted into an elastic fluid. 
The constancy of the specific caloric of bodies, on which he 
founded his theory, was true only while they remained in the 
same state. 	He supposed likewise, that when a solid body 
is converted into a liquid, the caloric absorbed without any 
increase of temperature, or the latent heat, is merely the 
consequence of the increase of the specific caloric of the 
body. 	Thus when ice is converted into water, 140° of ca- 
loric are absorbed, because the specific caloric of water is so 
much greater than that of ice, as to require 140° additional 
of caloric to preserve the same temperature which it had 
when its specific caloric was less. 	The same supposition 
accounted for the absorption of caloric when liquids are 
converted into elastic fluids. 

3. Dr. Irvine's theory of the absolute caloric of bodies 
depended upon these two opinions, which he considered as 
first principles. 	The first gA:ve him the ratio of the abso- 
lute calories of bodies; the second, the difference between 
two absolute calories. 	Having these data, it'was easy to 
calculate the absolute quantity of caloric in any I.:?dy what- 
ever. 	Thus let us suppose that the specific calork of water 
is to that of ice as 10 to 9, and that when ice is converted 
into water the quantity of caloric absorbed is 140°. :Let us 
call the absolute quantity of caloric in ice at 32°  a; ,it' is 
obvious that the absolute caloric in water at 32° is = x ÷ 
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110°. 	We have then the absolute caloric of ice = x, that Chap. It. 
of water = x -I- 140. 	But these quantities are to each 	'v--1  
other as 10 to 9. 	Therefore we have this proportion 10 : 9 
:: x + 140: x. 	By multiplying the extremes and means 
we get this equation 10 x = 9 x + 1260, from which we 
deduce x = 1260. 	Thus we obtain the absolute quantity 
of caloric in ice of 32°, and find it to amount to 1260. 
Water at 32° of course contains 1400 degrees of caloric. 
Or, to state the proposition 	differently ; as the specific 
caloric of water is to that of ice as 10 to P, it is obvious that' 
the 140 degrees of heat which are evolved when water is 
frozen are equal to Tivth of the whole heat in the water. 
Therefore the heat of the water is equal to 140 x 10, or 
1400. 

Such was the ingenious method proposed by Dr. Irvine 
for ascertaining the real zero, or the degree at which a 
thermometer would stand when plunged into a body alto 
gether destitute of caloric. 	We see, that by the above cal-
culation it would be with regard to iie 1260 degrees below 
32° of Fahrenheit's scale, or 1298 degrees below 0. 	Dr. 
Crawford, however, who made his experiments upon a dif-
ferent set of bodies, places the real zero at 1.500° below 0 
of Fahrenheit. 	Mr. Dalton, who has also turned his at- 
tention to the same question, has found the mean of his. 
experiments to give 6000° Litlow the freezing point as the 
real zero.* 

4. Unfortunately the truth of the principles on which 
this theory of Dr. Irvine is founded is by no means esta- 
blished. 	The first proposition, that the specific caloric of 
bodies continues the same at all temperatures, has by no 
means been ascertained by experiments; so fitr from it, that 
the very contrary has been proved by Dr. Irvine himself to 
hold in the case of spermaceti and wax, and has been ob- 
served by Crawford in other cases.t 	But even if it did 
hold at all.v.!emperatures while bodies continue in the same 
state, stir as every change of state is confessedly attended 
with a c&responding change of specific caloric, we have iio 
right to affirm that the specific caloric is proportional to 
the at4solute caloric. 	For instance, 	though the specific,  

* 	ew System of Chemical Philosophy, p. 97. 	t Oa Heat) P. 47$. 
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Book I. 	caloric of ice be to that of water as 9 to 10, it does not fol. 
Division I. low that their absolute calories bear the same proportion : 
"-11—' nor can any reason be assigned for supposing that this ratio 

ought to hold, unless we suppose that caloric is incapable 
of uniting chemically to bodies; in which case indeed it 
might be admitted. 

5. The second proposition, namely, that the caloric ab-
sorbed by a body, during its change of state, is merely 
owing to the change of the specific caloric of the body, is 
equally unsupported by direct proof, and indeed cannot be 
admitted, if we allow that colonic is capable of combining 
chemically with bodies. 	It assigns no reason for the change. 
of state Which the body has undergone, while the theory of 
Dr. Black accounts for that change. 	The 940 degrees of 
heat which disappear when water becomes steam, according 
to Dr. Irvine, are merely the consequence of the increased 
specific caloric of steam above that of water. 	But why 
does water become steam, and why does it show a tendency 
to absorb. heat before it has actually become steam ; a ten-
dency causing it to exert a force which at last overcomes 
the most powerful obstacles? If the change be produced by 
the combination of heat, as all the phenomena announce, 
then the hypothesis of Irvine is inadmissible. 	Accordingly, 
both Irvine and Crawford laid it down as an axiom, that 
heat is incapable of combiningswith bodies. 

6. Another set of phenomena from which Dr. Irvine 
drew his conclusions, is more susceptible of investigation. 
When bodies unite together chemically, a change of tem-
perature is almost constantly produced; the compound 
either giving out heat or absorbing it. 	Dr. Irvine ascer- 
tained, by a variety of experiments, that the combination is 
attended with a similar change in the specific heat of the 
compound.* 	When the specific caloric increases, the com- 
pound generates cold; when the specific caloric diminishes, 
heat is evolved. 	 s \ 

He inferred, in consequence of his opinion 'r  formerly 
explained, that the heat evolved or absorbed in th se cases 
was proportional to the change of specific caloric, and the 
consequence of that change. 	Hence it was easy, howing 

• Crawford on Heat)  p. 455. 
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the specific caloric of two. bodies before combination, the Chap. II. 
'----v—" specific caloric of the compound, and the heat evolved or 

absorbed, to ascertain upon that hypothesis the absolute 
heat of the body. 	For example, let the specific caloric of 
two bodies before combination be = 2, and after it = 1, 
it is obvious, that during combination they must have parted 
with half of their absolute heat. 	Let the heat evolved be 
700 ; then we know that the whole heat contained in the 
bodies is twice 700, or 1400. 	Suppose equal weights of the 
two bodies, A, B, to be combined together ; let the specific 
caloric of A be C, and that of B, c; and let the specific 
caloric after combination be K + k, then, according to 
Dr. Irvine, we have C + c — K + k : K + k :: 1 = the 
heat evolved : S = absolute heat. 	Hence we have S = 

t (K + k) If the 	the bodies combined be weights of C+ c — K — k. 

not equal, then let Q be the weight of A, and q that of B; 
wehaveasbefore,CQ+cq—KQ-i-kq:KQI-kg 

I (K Q + k i) 1: S. 	Hence S 	 This hypothe- :: 	 = 	 . c Q + cq—KQ— kg 
sis can be true only on the supposition that the quantity S, 
found by mixing substances together in different propor- 
tions, turns out always the same quantity. 	If it does not, 
the opinion falls to the ground. 	Thus if we mix together 
various proportions of water and concentrated sulphuric 
acid, the heat evolved at each trial, compared with the 
change of the specific caloric, ought to give us the same 
value of S. 	But from the experiments that have been made 
upon this subject, it does not appear that any such constant 
value of S is observed. 	The experiments indeed of Gadolin 
approach somewhat to it, but those of Lavoisier and La- 
Place are very anomalous, as will appear from the following 
statement. 

From the experiments of Lavoisier and Laplace on a 
mixture oft water and quicklime, in the proportion of 9 to 
16, it fotows that the real zero is 8128°  below 0. 

From. their experiments on a mixture of four parts of 
sulphmic acid and three parts of water, it follows that the 
real z‘xo is 7262°  below 0. 

T.Leir experiments on a mixture of four parts of sut. 
to,uric acid and five of water place it at 2598°  below 0, 
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Book 1. Their experiments on 93 parts of nitric acid and one of 
Division I. 

.---v•-•—' 1889 lime 	it 	below place 	at 	 32°, ...--- -I- 23837°.* —0.01783 
The mean result of Gadolin's experiments on mixtures 

of sulphuric acid and water place it at 2300° below 0. 
Mr. Dalton's results vary from 4150° to Moo° ; the 

mean of the whole places the real zero at 6150° below 32°f. 
Dr. Irvine's own experiments led him to fix the real zero 

at 900° below 0. 	 • 
Dr. Crawford, from his experiments, placed it at 1500° 

below. 0. 
These results differ from one another so enormously, and 

the last of those obtained by Lavoisier and Laplace, which 
places the real zero far above a red heat, is so absurd, that 
if we suppose them accurate, they are alone sufficient to 
convince us that the data on which they are'founded are not 
true. 	Nor can the hypothesis be maintained till the anoma- 
lies which they exhibit be accounted for. 

Mr. Dal- 7. Another methodzof determining the absolute quantity 
con's hypo- 
thesis. of caloric in bodies has been lately proposed by Mr. Dalton,t 

a philosopher whose ingenuity and sagacity leave him in-
ferior to none that have hitherto turned their attention to 
this difficult subject. 	' He supposes that the repulsion which 
exists between the particles • of elastic fluids is occasioned 
by the caloric with which these particles are combined, 
and that it is always proportional to the absolute quantity of 
caloric so combined. 	Now the diameter of the sphere over 
which the influence of a particle extends is the measure of 
the repulsion, and it is proportional to the cube root of the 
whole mass. 	The repulsion exerted by the particles of an 
elastic fluid, at different temperatures, is proportional to 
the cube root of the bulk of the fluid in these temperatures. 
Therefore, according to this hypothesis, the absolute quan-
tity of caloric in elastic fluids, at different temperatures, is 
proportional to the cube roots of these bulks at these tem- 
peratures. 	To give an example : the bulk of .ir at 5b° 
being 1000, its bulk at 212° is 1325: therefore the abso- 

* See Seguin, Ann, de Chim. v. 231. 
t New System of Chemical Philosophy, p. 97. 
4 Manchester Memoirs v 1- 	 •) 	• 
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,3 _ Chap. II. lute heat in air at 55° is to its beat at 212° as v 1000 to 1/4....„,e_a  

1325, or nearly as 10 to 11. 	Let us call the absolute 
heat of air at 55° x; then the absolute heat of air at 212° is 
oc + 157. 	This gives us the following proportion ; 10 : 11 
:: x : x + 157. 	Hence 11 x = 10 x + 1570, and x = 
1570. 	Thus we obtain 1570 for the absolute heat in air at 
55°. 	Subtracting these 55 degrees, we have 1515°  below 0 
for the point of real zero.* 

Such is the hypothesis of Mr. Dalton ; and the result 
which 	he obtained corresponds pretty nearly with Dr. 
Crawford's deductions from some of his experiments: but 
if it be applied to other temperatures, no such exact coin-
cidence will be observed, as has been very well shown by 
an anonymous writer in Nicholson's Journal.t 	It appears 
from the examples there produced, that the higher the tem-
perature at which the comparison is made, the lower is the 
point obtained for the commencement of the scale of heat. 
But Mr. Dalton conceives that this is owing to the thermo-
meter not being an accurate measure of the scale of tem- 
perature ; $ 	for when 	the 	temperature is corrected by 
Deluc's experiments, the anomaly in one of the instances 
disappears. 

This hypothesis of Mr. Dalton is founded on a supposi- 
tion which, though it cannot be demonstrated, is never-
theless exceedingly probable to a certain extent : for if 
elastic fluids owe their peculiar fluidity to heat, and if their 
increase of elasticity be proportional to their increase of 
heat, I do not sec how it can be denied that the repulsion 
between the particles of these bodies is proportional to the 
caloric combined with them ; not, however, to the whole 
of their caloric, but to that portion of it only which occa- 
sions their elasticity, 	and which increases their elasticity. 

Insufficient 

_ 

It is at present believed that the abstraction of heat is capa-
ble of co14erting elastic fluids into liquids, and even into 
solids. 	Mr. Dalton himself is a supporter of this opinion, 
Which, i-. the present state of our knowledge, scarcely admits 
of disp'ite. 	But the particles of liquids and solids do not 
repel 9ne another, but possess a contrary property; they 

:olanchester Memoirs, v. 601. 	f 1803, vol. iv. 220. 	t Ibid. v. 34, 
5 
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Book r. 	attract one another; 	yet they all confessedly contain a 
Di vision I. great deal of heat. 	Were we then to convert elastic fluids '1 /4.—v.._, 

into liquids, by abstracting heat from them, we should de-
prive their particles of the repulsive force which they exert, 
and yet leave a considerable quantity of caloric in them. 
It is not the whole of the caloric, then, which is combined 
with the particles of elastic fluids, that occasions their repul-
sion, but only a part of it. Now surely it will not be said, that 
the repulsive force of the particles of elastic fluids is pro-
portional to that caloric which has no effect in producing 
the repulsion, and which would remain in combination, 
though that repulsion were annihilated. 	It can only be 
proportional to that portion of the caloric which occasions 
repulsion. 	Mr. Dalton's hypothesis, then, only enables us 
to find out the quantity of caloric which occasions the 
elastic fluidity of the bodies in question, and by no means 
the whole of the caloric which they contain, unless they 
were supposed to continue in the state of elastic fluids till 
deprived of all the heist which they contain except the last 
particle : which is a supposition that cannot be made. 	It 
does not even give us any precise notion of the caloric of 
elastic fluidity, unless we ascertain the specific caloric of 
the body in question ; and after we have done so, reduce 
the degrees of caloric of fluidity to a known standard, as 
to the number of degrees which they would raise the tem-
perature of water, supposing it not to change its state. 
This indeed is absolutely necessary in all cases when we 
wish to speak definitely of the real zero: For as more heat 
is necessary to raise one body a certain number of degrees 
than to produce the same change on another, suppose we 
were to deprive these bodies altogether of heat, and then to 
raise them both to a certain temperature, the number of 
degrees of heat added to both would be equal; yet the 
absolute quantity of heat added to both wouhi be very un- 
equal. 	The term real zero can have no mearing what- 
ever, as far as it alludes to the quantity of heat ''.n bodies, 
unless we always refer to some particular body, Ihs water, 
and make it our standard. 
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III. OF COLD. 

Having pointed out the methods of ascertaining the Chap. II. 
""\f""j  relative quantity of heat in bodies of the same tempera- 

ture, and explained the various hypotheses respecting their 
absolute heats, it remains for us only to make a few obser-
vations on the abstraction of heat from bodies, or on what Sensations 
in common language is called cold. 	When caloric combines 	of heat  and 
with our own bodies, or separates from them, we expe- Plaineect 
rience, in the first case, the sensation of heat; in the se- 
cond, of cold. 	When I put my hand upon a hot iron, 
part of the coloric leaves the iron, and enters my hand; 
this produces the sensation of heat. 	On the contrary, 
when I put my hand upon a lump of ice, the caloric rapidly 
leaves my hand, and combines with the ice; this produces 
the sensation of cold. 	The sensation of heat is occasioned 
by caloric passing into our bodies. 	The sensation of cold 
.by caloric passing out of our bodies:- We say that a body 
is hot when it communicates caloric to the surrounding 
bodies; we call it cold when it absorbs caloric .from other 
bodies. 	The strength of the sensations of heat and cold 
depends upon the rapidity with which the caloric enters or 
leaves our bodies; and this rapidity is proportional to the 
difference of the temperature between our bodies and the 
hot or cold substance, and to the conducting power of that 
substance. 	The higher the temperature of a body is,  the 
stronger a sensation of heat does it communicate; and the 
lower the temperature, the stronger a sensation of cold : 
and when the temperature is the same, the sensations de-
pend upon the conducting power of the substance. 

Thus what in common language is called cold, is nothing 
else than the 	absence of the usual quantity of caloric. 
When we say that a substance is cold, we mean merely that 
it contains less caloric than usual, or that its temperature is 
lower tha:.1 that of our bodies. 

Therq.nave been philosophers, however, who maintained Cold ascri-
that ceild is produced, not by the abstraction of caloric bed ifiwc pfrai; 
Inerely., but the addition of a positive something, of a ticles. 
pecul:ar body endowed with specific qualities. 	This was 
ir:-intained by Muschenbroeck and De Mairan, and seems 
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Book I. to have been the general opinion of philosophers about the 
Division I. commencement of the 18th century. 	According to them, 

cold is a substance of a saline nature, very much resembling 
nitre, constantly floating in the air, and wafted about by thee  
wind in very minute corpuscles, to which they gave the 
name offrigorific particles. 

Their exist- They were induced to adopt this hypothesis, because they 
ence dis- 
proved. could not otherwise account for the freezing of water. 

According to them, these frigorific particles insinuate them- 
selves like wedges between the molecules of water, destroy 
their mobility, and thus convert water into ice. 	Dr. Black, 
by discovering the cause of the freezing of water, banished 
the frigorific particles 	from the regions of philosophy ; 
because the advocates for them never brought any other 
proof for their existence than the convenience with which 
they accounted for certain appearances. 	Of course, 	as 
soon as these appearances were explained without their use, 
every reason for supposing their existence was destroyed. 

The only fact which gives any countenance to the opi- 
nion that cold is a body, has been furnished by the follow- 

Apparent . ing very curious experiment of Mr. Pictet.* 	Two concave 
reflection 
cold. 

of tin mirrors being placed at the distance of 104- feet from 
each other, a very delicate air thermometer was put into 
one of the foci, and a glass . matrass full of snow into the 
other. 	The thermometer sunk several degrees, and rose 
again when the matrass was removed. 	When nitric acid 

* This experiment, or at least a similar one, was made long ago, and 
is found in the Essays of the Academy del Cimento, translated by Wal- 
ler in 1684, p. 103. 	The ninth experiment, of reflected cold, is thus 
related: " We were willing to try, if a concave glass, set before a mass 
of 5001bs of ice, made any sensible repercussion of cold upon a very nice 
thermometer of 400 degrees, placed in its focus. 	The truth is, it imme- 
diately began to subside; but, by reason of the nearness of the ice, it 
was  doubtful whether the direct or reflected rays of cola .were more effi- 
cacious: upon this account, we thought of covering the glass- and (what- 
ever may be the cause) the spirit of wine did indeed presently begin to 
rise: for all this, we dare not he positive but there.might be -some other 
cause thereof, besides the want of the reflection from the glass, since we 
were deficient in making all the trials necessary to clear the expo invent." 
The experiment of Pictet appears likewise to have been made by Andrew 
Gaertner, Mechanician to the King of Poland, and published by liS'n in 
1785. 	See Ann. de Chim. lxxi. 159. 
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was poured upon the snow (which increases the cold), the Chap. II. 
thermometer sunk 5° or 0 lower, 	Here cold seems to have 
been emitted by the snow, and reflected by the mirrors to 
the thermometer, which could not happen unless cold were 
a substance. 

—̀v--)  

But this curious experiment is explained in a satisfactory 
manner, by applying to it Prevost's theory of radiant beat. 
We see from that theory that the fall of the thermometer 
is really owing to a smaller proportion than usualof heat 
being radiated. 

A very great degree of cold may be produced by mixing 
together different solids, which suddenly become liquid. 
The cause of this has been already explained. 	But as such 
mixtures are often employed in chemistry, in order to be 
able to expose bodies to the influence of a low temperature, 
it will be worth while to enumerate the different substances 
which may be employed tor that purpose, and the degree of 
cold which each of them is capable of producing. • 
• The first person who made experitiients on freezing mix- Of freezing 
tures was Fahrenheit. 	But the subject was much more 
completely investigated by Mr. Walker in various papers 
published in the Philosophical Transactions from 1787 to 

mixt"' 

1801. 	Several curious additions have been made by Pro- 
fessor Lowitz, particularly the introduction of muriate of 
lime, which produces a very great degree of cold when 
mixed with snow.* 	The experiments of Lowitz have been 
repeated and extended by Mr. Walker.± 	The result 
of all these experiments may be seen in the following tables, 
which I transcribe from a paper with which I have been 
favoured by Mr•. Walker. 

* Ann. de Chim. xxii. 297. and xxix. 281. 
4- Phil. Trans. 1801, p.120. 
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TABLE I. 
Frigorific Mixtures without Ice. 

Book I. 	• 
Division I. 
,........v..../ 

Mixtutes. 
,Degree of 

Thermometer sinks. 	cold pro- 
Iduced. 

Parts. 
Muriate of ammonia 	 5 
Nitrate of potash 	 5 
Water . 	  16 

From + 50°  to + 10°. 40 

Muriate of ammonia 	 
Nitrate of potash. 	 
Sulphate of soda. 	 
Water . 	  

5 
5 
8 

16 
From + 50°  to + 4°. 46 

Nitrate 
Water 	  

of ammonia 	 
. 

1 
1 From + 50° to + 4°. 

--.--- 
46 

Nitrate of ammonia . • 
Carbonate of soda 	 
Water . 	 -1  

1 
1 
1 

From + 50°  to — 7°. 57 

Sulphate of soda . .. 	 
Diluted nitric acid 	 

3 
2 Is ,I'm  + 50°  to --3°. 53 

Sulphate of soda . 	 
Muriate of ammonia 	 
Nitrate of potash. 	 
Diluted nitric acid .. 	 

6 
4 
2 
4 

• From + 50°  to — 10°  60 

Sulphate of soda . .. 	 
Nitrate of ammonia 	 
Diluted nitric acid .. 	 

6 
5 
4 

From + 50°  to — 14°  64 

Phosphate of soda... 	 
Diluted nitric acid .. 	 

9 
4 From + 50° to — 12°. 62 

Phosphate of soda .. „ 
Nitrate of ammonia. 	 
Diluted nitric acid . 	 

9 
6 
hi• 

Front + 50°  to —,_210 
—,,, — 

71 

Sulphate of soda . 	 
Muriatic acid 	 
— 

8 
5 

, 1 rom + 50°. to 0°. i.f 50 

Sulphate of soda . 	 
Diluted sulphuric acid 

5 
4 

. 
From + 50 to + 3°. 	\47 

N. B. 
expressed 
the most 
will sink 

If the materials are mixed at a warmer temperature than mu' 
in the table, the effect will be proportionably greater; thus, if 

powerful of these mixtures be made, when the air is + 850, it 
the thermometer to + 2° 
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TABLE II. 

Frigorific Mixtures with Ice. 

Chap. IL 
Mixtures. Thermometer sinks. 

Degree of 
cold pro-
duced. 

* 

• 

Parts. 
Snow, or pounded ice  	2 
Muriate of soda 	1 

t.1  
:ti 
t 
p. 

E.1,' < 
-,.., 

--4  

to — 5°. 

Snow, or pounded ice  	5 
Muriate of soda 	2 
Muriate of ammonia  	1 

1  
to — 12°. 

Snow, or pounded ice . 24 
Muriate of soda . .. 	 10 
Muriate of ammonia  	5 
Nitrate of potash 	5 

° to — 18 .  * 

Snow, or or pounded ice 	 12 
Muriate of soda 	5 J 
Nitrate of ammonia. .  	5 1 	to — 25°. 

Snow  	3  Diluted sulphuric acid 	2 From + 32°  to — 23°. 55 

Snow 	  
5 Muriatic acid 	
8 From + 32° to — 27°. 59 

—.........., 
Snow  	7 
Diluted nitric acid  	4 From  + 32° to — 30°. 62 

Snow 	4 
Muriate of lime  	5 From + 32° to — 40°. 72 

Snow 	  
Chryst. ncuriate of lime 	

: 
From  + 32°  to — 50°. 82 

Snow  ,  •  
potash .  	43 
--......... From + 32°  to — 51°. 83 
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TABLE III. 

Combinations of Frigorific Mixtures. 

Book I. 
Division I. Mixtures. Thermometer sinks. 

Degree of 
cold pro-
duced. N....v....0 

Pat ts. 
Phosphate of soda .. .. 	5 
Nitrate of ammonia .. 	3 
Diluted nitric acid . .. 	4 

From 0° to — 

• 

34°. 34 

Phosphate of soda .. .. 	3 
Nitrate of ammonia... 	2 
Diluted mixed acids . . 	4 

From — 34° to — 50°. 16 

Snow 	 2  Diluted nitric acid . .. 	
3 From 00  to — 46°. 46 

Snow  	8 
Diluted sulphuric acid 3 1 
Diluted nitric acid... 3 f 

From — 10° to — 56°. 46 

Snow 	  
Diluted sulphuric acid 	1 1 From + 20° to — 600. 40 

Snow 	3 
Muriate of lime 	4 From + 20° to — 480. 68 

Snow 	 • 3 
Muriate of lime 	4 From + 10° to — 54°. 64 

ow  	2 
Sn ate of lime 	 M ur 	 3 From — 15° to — 68°. 53 

Snw  	1 

Chryst. muriate of lime 	2 
----. 

7 '1 

r rctm 0° to — 66° 66 

Snow  	i 
Chryst. muriate of lime 	3 

 From — 40°  to — 33  
- 

73$ 
..--- 
Snow  	8 
Diluted sulphuric acid 	 10 From -- 68° to •,-- 91°. , 23 
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In order to produce these effects, the salts employed must Chap. H. 
be fresh crystallized, and newly reduced to a very fine pow- 
der. 	The vessels in which the freezing mixture is made 
should be very thin, and just large enough to hold it, and 
the materials should be mixed together as quickly as possi- 
ble. 	The materials to be employed in order to produce 
great cold ought to be first reduced to the temperature 
marked in the table, by placing them in some of the other 
freezing mixtures; and then they are to be mixed together 
in a similar freezing mixture. 	If, for instance, we wish to 
produce a cold = — 46°, the snow and diluted nitric acid 
ought to be cooled down to 0°, by putting the vessel which 
contains each of them into the first freezing mixture in the 
second table before they are mixed together. 	If a still 
greater cold is required, the materials to produce it are to 
be brought to the proper temperature by being previously 
placed in the second freezing mixture. 	This process is to 
be continued till the required degree of cold has been 
procured.,' 	 ., 

‘---Nr—j  

SECT. VI. 
OF THE SOURCES OF CALORIC. 

HAVING.  in the preceding Sections examined the nature, 
properties, and effects of caloric, as far as the subject has 
been hitherto investigated, it now only remains for us to 
consider the different methods by which caloric may be 
evolved or made sensible, or the different sources from 
which it may be obtained. 	These sources may be reduced 
to six : It radiates constantly from the sun; it is evolved 
during combustion; and it is extricated in many cases by 
Percussion, friction, mixture, and electricity. 	The sources 
of heat, then,, are the sun, combustion, percussion, friction, 
mixture, electricity. 	Let us consider each of these sources 
in the or& r in which we have enumerated them. 

I. THE SUN. 

The sun, which constitutes as it were the vital part of the *Nature, of 
whop; solar system, is an immense globe, whose diameter the still. 

Walker, Phil. Trans, 1795. 
VOL. I. 
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Book I. has been ascertained by astronomers to be no less than 
Division I. 
........„--, 888,216 miles, and which contains about 333,928 times as 

much matter as the earth. 	Philosophers long supposed that 
this immense globe of matter was undergoing a violent 
combustion; and to this cause they ascribed the immense 
quantity of light and heat which are constantly separating 
from it. 	But the observations of Dr. Herschel render it 
probable that this opinion is erroneous.* 	From these 
observations it appears, that the sun is a solid opaque globe, 
similar to the earth or other planets, and surrounded by an 
atmosphere of great density and extent. 	In this atmos- 
phere there float two regions of clouds: the lowermost of 
the two is opaque and similar to the clouds which form in 
our atmosphere; but the higher region of clouds is lumi-
nous, and emits the immense quantity of light to which the 
splendour of the sun is owing. 	It appears, too, that these 
luminous clouds are subject to various changes both in 
quantity and lustre. 	Hence Dr. Herschel draws as a con- 
sequence, that the quantity of heat and light emitted by the 
sun varies in different seasons; and he supposes that this is 
one of the chief sources of the difference between the tempe-
ratures of different years.  

Solar rays 1. When the solar rays strike transparent bodies, they 
heheat opa nque 

i produce very little effect; but opaque bodies are heated by 
proportion 
to the dark -
ness of their 
colour. 

them. 	Hence it follows that transparent bodies allow these 
rays to pass through them •; but that they are detained, at 
least in part, by opaque bodies. 	The deeper the colour of 
the opaque body, the greater is the rise of temperature 
which it experiences from exposure to the sun's rays. 	It 
has been long known, 	that when coloured bodies arc 
exposed to the light of the sun or of combustible bodies, 
their temperature is raised in proportion to the darkness of 
their colour. 	To 'ascertain this point, Dr. Hooke made a 
curious set of experiments, which were repeated long after 
by Dr. Franklin. 	This philosopher exposed upon snow 
pieces of cloth of different colours (white, red, blue, black) 
to the light of the sun, and found that they sink deeper, 
and consequently acquired heat, in proportion tckhe dark- 
ness of their colour. 	This experiment has been repeated 
with more precision by Davy. 	He exposed to the light six 

Phil. Trans. 1801, p. 265. 
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equal pieces of copper painted white, yellow, red, green, 	Chap. It. 
blue, and black, in such a manner that only one side of the "---•(-1  
pieces was illuminated. 	To the dark side of each was 
attached a bit of cerate, which melted when heated to 700. 
The cerate attached to the.  blackened copper became first 
fluid, that attached to the blue next, then that attached to 
the green and red, than that to the yellow, and last of all, 
that attached to the white.* 	Now it is well known that 
dark coloured bodies, even when equally exposed to the 
light, reflect less of it than those which are light coloured ; 
but since the same quantity falls upon each, it is evident 
that dark-coloured bodies must absorb and retain more of 
it than those which are light-coloured. 	That such an 
absorption actually takes place is evident from the fi)llowing 
experiment. 	Mr. Thomas \Vedgewood placed two lumps 
of luminous or phosphorescent marble on a piece of iron 
heated just under redness. 	One of the lumps of marble 
which was blackened over gave out no light ; the other gave 
out a great deal. 	On being exposed a second time in the 
same manner, a faint light was seen to proceed from the 
clean marble, but none at all could be perceived to come 
from the other. 	The black was now wiped off, and both 
the lumps of marble were again placed on the hot iron : ' 
The one that had been blackened gave out just as little 
light as the othent 	In this case, the light which ought to 
have proceeded from the luminous marble disappeared : it 
must therefore have been stopped in its passage out, and 
retained by the plack paint. 	Now black substances are 
those which absorb the most light, and they are the bodies 
which are most heated by exposure to light. 	Cavallo 
observed, that a thermometer with its bulb blackened stands 
higher than one which had its bulb clean, when exposed to 
the light of the sun, the light of day, or the light of a lamp.$ 
Mr. Pictet made the same observation, and took care to 
ascertain, that when the two thermometers were allowed to 
remain for some time in a dark place, they acquired pre- 
cisely th2 same height. 	ile observed, too, that when both 
thermometers had been raised a certain number of degrees, 
the clean one fell a good deal faster than the other.§ 

* Beddoe's Contributions, p. 4. 	t Phil. Trans. 1792. 
Piiil. Trans. 1780. 	 i Sur le Feu, chap. iv. 

K 2 	 . 	; 
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Book I. 2. The temperature produced in bodies by the direct 
Division I. action of the sun's rays seldom exceeds 120° ; but a much 
.."—\(—J  higher temperature would be produced if we were to prevent Heat pro- 

duccd by 
the rays of 
the sun. 

the heat communicated from being carried off by the sur- 
rounding bodies. 	Mr. Saussure made a little box lined 
with fine dry cork, the surface of which was charred to 
make it black and spongy, in order that it might absorb the 
greatest possible quantity of the sun's rays, and be as bad a 
conductor of caloric as possible. 	It was covered with a thin 
glass plate. 	When this box was set in the sun's rays, a 
thermometer laid in the bottom of it rose in a few minutes 
to 221°; while the temperature of the atmosphere was only 
75°.* 	Professor Robison constructed an apparatus of the 
same kind, employing three very thin vessels of flint glass, 
which transmit more caloric than any of the other species of 
glass. 	They were of the same shape, arched above, with 
an interval of ÷ inch between them. 	They were set on a 
cork base prepared like Saussure's, and placed on down 
contained in a pasteboard cylinder. 	With this apparatus 
the thermometer rose often in a clear summer day to 230°, 
and once to 237°. 	Even when set before a bright fire, the 
thermometer rose to 212°4 

By burning 
glasses. 

3. Such is the temperature produced by the direct rays of 
the sun. 	But when its rays are concentrated by a burning- 
glass, they are capable of setting fire to combustibles with 
ease, and even of producing a temperature at least as great, 
if not greater, than what can be procured by the most 
violent and best conducted fires. 	In order to produce this 
effect, however, they must be directed upon some body 
capable of absorbing and retaining them ; for when they are 
concentrated upon transparent bodies, or upon fluids, mere 
air for instance, they produce little or no effect whatever. 

Count Rumford has shown by direct experiment, that the 
heating power of the solar rays is not increased by concen-
trating them into a focus, but that the intensity of their 

' 	. 
Voyages sur les Alpes, ii. 932. 

t Black's Lectures, i. 547. When the apparatus was carried 'to a damp 
cellar before the glasses were put in their places, so that the air within 
was moist, the thermometer never rose above 208°. 	Hence Dr. Robison 
concluded, the moist air conducts better than dry; a conclusion fully cei. 
firmed by the subsequent experiments of Count Rumford. 
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action is occasioned by a greater number of them being Chap. II. 
brought to bear upon the same point at once.* 1,—v-1  

4. These facts, which have been long known, induced 
philosophers to infer, that the fixation of light in bodies 
always raises their temperature. 	On the other hand, it was 
known that the fixation of a certain quantity of caloric 
always occasions the appearance of light ; for when bodies 
are raised to a certain temperature they always become red 
hot. 	Hence it was concluded that light and caloric re- 
ciprocally evolve each other ; and this was explained by 
supposing that they have the property of repelling each 
other. 

But sonic of the recent experiments related in a preced-
ing part of this chapter seem to render it rather probable 
that heat and light are modifications of the same matter, 
and that it is susceptible, by means which at present we are 
incapable of fully appreciating, of assuming 	either 	the 
modification to which we give the name of light, or that 
Which we call heat. 

II. COMBUSTION. 

There is perhaps no phenomenon more wonderful in Phenomena 
itself, more interesting on account of its utility, or which 
has more closely occupied the attention of chemists, than 
combustion. 	When a stone or a brick is heated, it under- 
goes no change except an augmentation of temperature; 
and when left to itself, it soon cools again and becomes as 
at first. 	But with combustible bodies the case is very dif- 
ferent. 	When heated to a certain degree in the open air, 
they suddenly become much hotter of themselves, continue 
for a considerable time intensely hot, sending out a copious 
stream of caloric and light to the surrounding bodies. 

otifocnombus- 

This emission, after a certain period, begins to diminish, 
and at last ceases altogether. 	The combustible has now 
undergone a most complete change; it is converted into a 
substance possessing very different properties, and no longer 
capable of combustion. 	Thus when charcoal is kept Tor 
some time at the temperature of about 800°, it kindles, be-' 
comes intensely hot, and continues to emit light and caloric 

• Jour. de Phyi. 1%i. 32. 
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Book I. for a long time. 	When the emission ceases, the charcoal 
Division 1. has all disappeared, except an inconsiderable residuum of 

ashes ; being almost entirely converted into carbonic acid 
gas, which makes its escape unless the experiment be con- 
ducted in proper vessels. 	If it be collected, it is found to 
exceed greatly in weight the whole of the charcoal con-
sumed. 

1. The first attempt to explain combustion was crude 
and unsatisfactory. 	A certain elementary body, called 
fire, was supposed to exist, possessed of the property of de-
vouring certain other bodies, and converting them into 
itself. 	When we set fire to a grate full of charcoal, we bring, 
according to this hypothesis, a small portion of the element 
of fire, which immediataly begins to devour the charcoal, 
and to convert it into fire. 	Whatever part of the charcoal 
is not fit for being the food of fire is left behind in the form 
of ashes. 

Hooke's 2. A much more ingenious and satisfactory hypothesis 
f 

rhombus was proposed in 1G65 by Dr. Hooke. 	According to this 
Lion. extraordinary man, there exists in common air a certain 

substance which is like, if not the very same with, that which 
is fixed in saltpetre. 	This substance has the property of 
dissolving all combustibles ; but only when their tempera- 
ture is considerably raised. 	The solution takes place with 
such rapidity, that it occasions both heat and light; which 
in his opinion are mere motions. 	The dissolved substance 
is partly in the state of air, partly coagulated in a liquid or 
solid form. 	The quantity of this solvent present in a given 
bulk of air is incomparably less than in the same bulk of 
saltpetre. 	Hence the reason that a combustible continues 
burning but for a short time in a given bulk of air : the 
solvent is soon saturated, end then of course the combus- 
tion is at an end. 	Hence also the reason that combustion 
succeeds best when there is a constant supply of fresh air, 
and that it may be greatly accelerated by forcing in air with 
bellows.*  

Adopted by About ten years after the publication of Hooke's Micro- 
Mayow. araphia, his theory was adopted by Mayow, without ac-t, 

knowledgment, in a tract which he published at Oxford on 
saltpetre.f 	We are indebted to him for a number of very 

* Hook's Micrographia, p. 103. 	See also his Lampas. 
t De Sal-nitro et Spiritu Nitro-aereo. 
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ingenious and important experiments, in which he antici- Chap. II. 
pated several modern chemical philosophers; but his reason- 
mg  is for the most part absurd, and the additions which he 
made to the theory of Hooke are exceedingly extravagant. 

`'v"--1  

To the solvent of Hooke he gives the name of spiritzts 
nitro-aereus. 	It consists, he supposes, of very minute par- 
ticles, which are constantly at variance with the particles of 
combustibles, and from their quarrels all the changes of 
things proceed. 	Fire consists in the rapid motion of these 
particles, heat in their less 	rapid 	motion. 	The sun is 
merely nitro-aerial particles moving with great rapidity. 
They fill all space. 	Their motion becomes more languid 
according to their distance from the sun ; and when they 
approach near the earth, they become pointed, and consti-
tute cold.* 

3. The attention of chemical philosophers was 	soon Theory of 
drawn away from the theory of Hooke and Mayow to one 
of a very different kind, first proposed by Beecher, but 
new-modelled by his disciple Stahl lvith so much skill, ar-
ranged in such an elegant systematic form, and furnished 
with such numerous, appropriate, and convincing illustra- 
tions, that it almost instantly caught the fancy, 	raised 

Stahl. 

Stahl to the highest rank among philosophers, and con-
stituted him the founder of the Stahlian theory of com-
bustion. 

According to Stahl, all combustible substances contain in 
them a certain body, known by the name of PHLOGISTON, 
to which they owe their combustibility. 	This substance is 
precisely the same in all combustibles. 	These bodies of 
course owe their diversity to other ingredients which they 
contain, 	and with which the 	phlogiston is 	combined. 
Combustion, and all its attendant phenomena, depend upon 

* Though Mayow's theory was not original, and though his additions 
to it be absurd, his tract itself displays great genius, and contains a vast 
number of new views, which have been fully confirmed by the recent dis-
coveries in chemistry. He pointed out the cause of the increase of weight 
in metals when calcined; he ascertained the changes produced upon air 
by respiration and combustion; and employed in his researches an appa- 
ratus similar to the present pneumatic apparatus of chemists. 	Perhaps 
the most curious part of the whole treatise is his fourteenth chapter, in 
which he displays a much more accurate knowledge of affinities, than any 
of his contemporaries, or even successors for many years. 
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Book L the separation and dissipation of this principle: and when 
Division I. it is once separated, the remainder of the body is incombusti- 

ble. 	Phlogiston, according to Stahl, is peculiarly disposed 
to be affected by a violent whirling motion. 	The heat and 
the light, which make their appearance during combustion, 
are merely two properties of phlogiston when in this state 
of violent agitation. 

Improved. 4. The celebrated Macquer was one of the first persons 
who perceived a striking defect in this theory of Stahl. 
Sir Isaac Newton had proved that light is a body ; it was 
absurd, therefore, to make it a mere property of phlogiston 
or the element of fire. 	Macquer accordingly considered 
phlogiston as nothing else but light fixed in bodies. 	This 
opinion was embraced by a great number of the most dis-
tinguished chemists ; and many ingenious arguments were 
brought forward to prove its truth. 	But if phlogiston be 
only light fixed in bodies, whence comes the heat that 
manifests itself during combustion ? 	Is this heat merely a 
property of light? 	Ds:. Black proved that heat is capa- 
ble 	of combining 	with, 	or becoming fixed in bodies 
which are not combustible, as in ice or water; and con-
cluded of course, that it is not a property but a body. 
This obliged philosophers to take another view of the nature 
of phlogiston. 	 • 

• 

5. According to them, there exists a peculiar matter, 
extremely subtile, capable of penetrating the densest bodies, 
astonishingly elastic, and the cause of heat, light, mag- 
netism, electricity, and even of gravitation. 	This matter, 
the ether of Hooke and Newton, is also the substance 
called phlogiston, which exists in a fixed state in combusti- 
ble bodies. 	When set at liberty, it gives to the substances 
called caloric and light those peculiar motions which pro-
duce in us the sensations of heat and light. Hence the appear-
ance of caloric and light in every case of combustion; hence, 
too, the reason that a body after combustion is heavier than 
it was before ; for as phlogiston is itself the cause of gravita-
tion, it would be absurd to suppose that it possesses gravita- 
tion. 	It is more reasonable to consider it as endowed with 
a principle of levity. 

Modifiedby 6. Some time after this last modification of the phlogis- 
Priestley. tic theory, Dr. Priestley, who was rapidly extending the 

boundaries of pneumatic chemistry, repeated many expe- 
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riments formerly made on combustion by Hooke, Mayow, Chap. 11. 
Boyle, and Hales, besides adding many of his own. 	He 
soon found, as they had done before him, that the air in 
which combustibles had been suffered to burn till they were 
extinguished, had undergone a very remarkable change; 
for no combustible would afterwards burn it, and no ani- 
mal could breathe it without suffocation. 	He concluded 
that this change was owing to phlogiston ; that the air had 
combined with that substance; end that air is necessary to 
combustion, by attracting the phlogiston, for which it has 
a strong affinity. 	If so, the origin of the heat and light 
which appear during combustion remains to be accounted 
for; since phlogiston, if it separates from the combustible 
merely by combining with air, cannot surely act upon those 
bodies in whatsoever state we may suppose them. 

"—v.-1  

7. The celebrated Dr. Crawford was the first person who By Craw- 
attempted to solve this difficulty, by applying to the theory 
of combustion Dr. Black's doctrine of latent heat. 	Ac- 
cording to him, the phlogiston of the' combustible combines 
during combustion with the air, and at the same time se-
parates the caloric and light with which that fluid had been 
previously united. 	The heat and the light, then, which 
appear during combustion, 	exist previously in the air. 

ford, 

This theory was very different from Stahl's, and certainly 
ri great deal more satisfactory. 	But still the question, 
What is phlogiston ? remained to be answered. 

B. Mr. Kirwan, who had already raised himself to the And Kir  
first rank among chemical philosophers, by many ingenious 
investigations of some of the most difficult parts of the 
science, attempted to answer this question, and to prove 
that phlogiston is the same with hydrogen. 	This opinion, 
which Mr. Kirwan inlbrms us was first suggested by the 
discoveries of Dr. Priestley, met with a very favourable re-
ception from the chemical world, and was adopted either 
in its full extent, or with certain modifications, by Berg-
man, Morveau, Crell, Wiegleb, Westrumb, Hermbstadt, 

wan. 

Karsten, Bewley, Priestley, and Delametherie. 	The ob- 
ject of Mr. Kirwan was to prove, that hydrogen exists as 
a component part of every combustible body ; that during 
combustion it separates from the combustible body, and 
combines with the oxygen of the air. 	This he attempted 
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Book L 	in a treatise published on purpose, intitled, An Essay on 
Divi si° Phlogiston and thc Constitution of Acids.* 

Refuted by 	9. Durihar." these different modifications of the Stahlian 
Lavoisier. 	theory, the illustrious Lavoisier was assiduously occupied 

in studying the phenomena of combustion. 	He seems to 
have attached himself to this subject, and to have seen the 
defects of the prevailing theory as early as 1770. 	The first 
precise notions, however, of what might be the real nature 
of combustion, were suggested to him by Bayou's paper 

4- I have omitted, in the historical view given in the text, the hypo-
thesis published in 1777 by Mr. Scheele, one of the most extraordinary 
men that ever existed. 	When very young, he was bound apprentice to 
an apothecary at Gottenburgh, where he first felt the impulse of that ge- 
nius which afterwards made him so conspicuous. 	He dust not indeed 
devote himself openly to chemical experiments ; but he contrived to make 
himself master of that science by devoting those hours to study which 
were assigned him for sleep. 	Ile afterwards went to Sweden, and settled 
as an apothecary at Kiiping. 	Here Bergman first found him, saw his 
merit, and encouraged it, adopted his opinions, defended him with zeal, 
and took upon himself the charge of publishing his treatises. Encouraged 
and excited by this magnanimous conduct, the genius of Scheele, though 
unassisted by education or wealth, burst forth with astonishing lustre ; 
and at an age when most philosophers are only rising into notice, he had 
finished a career of discoveries which have no parallel in the annals of 
chemistry. 	Whoever wishes to behold ingenuity combined with simpli- 
city., whoever wishes to see the inexhaustible resources of chemical ana-
lysis; whoever wishes for a model in chemical researches—has only to 
peruse and to study the works of Scheele. 

In 1777, Scheele published a treatise, entitled Chemical Experiments 
on Air and Fire, which perhaps exhibits a more striking display of the ex- 
tent of his genius than all his other publications put together. 	After a 
vast number of experiments, conducted with astonishing ingenuity, he 
concluded, that caloric is composed of a certain quantity of oxygen com-
bined with phlogiston ; that radiant heat, a substance which he supposed 
capable of being propagated in straight lines like light, and not capable 
of combining with air, is composed -f oxygen united with a greater quan-
tity of phlogiston, and light of oxygen united with a still greater quan- 
tity. 	He supposed, too, that the difference between the rays depends 
upon the quantity of phlogiston : the red, according to him, contains the 
least; 	the violet the most phlogiston. 	By phlogiston, 	Mr. Scheele 
seems to have meant hydrogen. 	It is needless therefore to examine his 
theory, as it is now known that the combination of hydrogen and oxygen 
forms not caloric but water. 	The whole fabric, therefore, has tumbled 
to the ground; but the importance of the materials will always be ad-
mired, and the ruins of the structure must remain eternal monuments of 
the genius of the builder. 
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on the oxides of mercury, which he heard read before the Chap. II. 
—̀Thr---/  Academy of Sciences in 1774,. 	These first notions, or 

rather conjectures, be pursued with unwearied industry, 
assisted by the numerous discoveries which were pouring 
in from an quarters ; and by a long series of the most la-
borious and accurate experiments and disquisitions ever ex-
hibited in chemistry, he fully established the existence of 
this general law—" In every case of combustion, oxygen 
combines with the burning body." 	This noble discovery, 
the fruit of genius, industry, and penetration, has reflected 
new light on every branch of chemistry, has connected and 
explained a vast number of facts formerly insulated and in-
explicable, and has new-modelled the whole, and moulded 
it into the form of a science. 

After Mr. Lavoisier had convinced himself of the exist-
ence of this general law, and had published his proofs to 
the world, it was some time before he was able to gain a 
single convert, 	notwithstanding his unwearied assiduity, 
and the great weight which his talents, his reputation, his 
fortune, and his situation naturally gave him. 	At last Mr. 
Berthollet, at a meeting of the Academy of Sciences in 
1785, solemnly renounced his old opinions, and declared 
himself a convert. 	Mr. Fourcroy, professor of chemistry 
in Paris, followed his example. 	And in 1787, Morveau, 
during a visit to Paris, was prevailed upon to relinquish 
his former opinions, and embrace those of Lavoisier and 
his friends. 	The example of these celebrated men was 
soon followed by all the young chemists of France. 

Mr. Lavoisier's explanation of combustion depends upon 
the two laws discovered by himself and Dr. Black. 	When 
a combustible body is raised to a certain temperature, it 
begins to combine with the oxygen of the atmosphere, and 
this oxygen during its combination lets go the caloric and 
light with which it was combined while in the gaseous state. 
Hence their appearance during every combustion. 	Hence 
also the change which the combustible undergoes in con-
sequence of combustion. 

Thus Lavoisier explained combustion without having re-
course to phlogiston; a -principle merely supposed to exist, 
because combustion could not be explained without it. 	No 
chemist had been able to exhibit phlogiston in a separate 
state, or to give any proof of its existence, excepting only 
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Book r. its conveniency in explaining combustion. 	The proof of 
Division I' ..-....v._, its existence consisted entirely in the impossibility of ex- 

plaining combustion without it. 	Mr. Lavoisier, therefore, 
by giving a satisfactory explanation of combustion without 
having recourse to phlogiston, proved that there was no 
reason for supposing any such principle at all to exist. 

10. But the hypothesis of Mr. Kirwan, who made phlo-
giston the same with hydrogen, was not overturned by this 
explanation, because there could be no doubt that such a 
substance as hydrogen actually exists. But hydrogen, if it be 
phlogiston, 	must constitute a component part of every 
combustible, and it must separate from the combustible in 
every case of combustion. 	These were points, accordingly, 
which Mr. Kirwan undertook to prove. 	If he failed, or 
if the very contrary of his suppositions holds in fact, his 
hypothesis of course fell to the ground. 

Lavoisier and his associates saw at once the important 
uses which might be made of Mr. Kirwan's essay. 	By re- 
futing an hypothesis wh'ich had been embraced by the most 
respectable chemists in Europe, their cause would receive 
an eclat which would make it irresistible. 	Accordingly the 
essay was translated into French, and each of the sections 
into which it was divided was accompanied by a refutation. 
Four of the sections were refuted by Lavoisier, three by 
Berthollet, three by Fourcroy, two by Morveau, and one 
by Monge. 	And, to do the French chemists justice, never 
was there a refutation more complete. 	Mr. Kirwan himself, 
with that candour which distinguishes superior minds, gave 
up his opinion as untenable, and declared himself a convert. 
to the opinion of Lavoisier. 

11. Thus Mr. Lavoisier destroyed the existence of phlo-
giston altogether, and, established a theory of combustion 
almost precisely similar to that which had been proposed 
long ago by Dr. Hooke. 	The theory of Hooke is only 
expressed in general terms ; 	that of Lavoisier is much 
more particular. 	The first was a hypothesis or fortunate 
conjecture which the infant state of the 'science did not 
enable him to verify; whereas Lavoisier was led to his con-
clusions by accurate experiments and a train of ingenious 
and masterly deductions. 

Theory of According to the theory of Lavoisier, which is now al- 
Layoisier. most generally received, and considered by chemists a full 
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explanation of the phenomena, combustion consists in two Chap. H. 
things : 	first, 	a decomposition ; 	second, 	a combination. .̀---v.....1  
The oxygen of the atmosphere being in the state of gas, 
is combined with caloric and light. 	During combustion 
this gas is decomposed, its caloric and light escape, while its 
base combines with the combustible and forms the product. 
This product is incombustible ; 	because its base, being 
already saturated with oxygen, cannot combine with any 
more. 	Such is a short historical detail of the improvements 
gradually introduced into this interesting part 61 the science 
of chemistry. 	Let us now take a more particular view of 
the subject. 

12. By combustion is meant a total change in the nature 
of combustible bodies, accompanied by the copious emission 
of heat and light. 	Every theory of combustion must ac- 
count for these two things ; namely, the change which the 
body undergoes, and the emission of heat and light which 
accompanies this change. 
• 13. Mr. Lavoisier explained completely the first of these Difference 
phenomena, by demonstrating, that in all cases oxygen n  In obxey

t; 	- combines with the burning body ; and that the substance meat and 
which remains behind, after combustion, is the compound 
formed of the combustible body and oxygen. 	But he did 
not succeed so well in accounting for the heat and the light 
which are evolved during combustion. 	Indeed this part of 
the subject was in a great measure overlooked by him. 	The 
combination of oxygen was considered as the important and 
essential part of the process. 	Hence his followers consi- 
dered the terms oxygenizement and combustion as synony-
mous: but this was improper; because oxygen often unites 
to bodies without any extrication of heat or light. 	In this 
way it unites to azote, chlorine, and mercury; but the ex-
trication of heat and light is considered as essential to com- 
bustion in common language. 	The union of oxygen with- 
out that extrication is very different from it? union when 
accompanied by it, both in the phenomena and in the pro- 
duct; they ought therefore to be distinguished. 	I employ 
the term combustion in this work in its usual acceptation. 

c)m c. bus- 

Ph To account for the, emission of heat and light, which 
constitutes a part of combustion, Mr. Lavoisier had re- 
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course to the theory of Dr. Crawford. 	The heat and the of the heat 
light was combined with the oxygen gas, and separated and light. 
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Book I. from it, when that gas united to the combustible body. 
Division I. But this explanation, though it answers pretty well in com- 

mon cases, fails altogether in others. 	Heat and light were 
supposed to be combined with the oxygen of the atmos-
phere, because it is in a gaseous state ; and to separate 
from it, because it loses its gaseous state. 	But as violent 
combustions take place when the oxygen employed is solid 
or liquid, as when it is in the state of a gas. 	Thus if nitric 
acid-  be poured upon linseed oil, or oil of turpentine, a 
very rapid combustion takes place, arid abundance of ca- 
loric and light is emitted. 	Here the oxygen forms a part 
of the liquid nitric acid, and is already combined with 
azote; or, according to the language of the French che- 
mists, the azote has undergone combustion. 	Now, in this 
case, the oxygen is not only in a liquid state, but it has 
also undergone the change produced by combustion. 	So 
that oxygen is capable of giving out caloric and light, not 
only when liquid, but even after combustion; which is di-
rectly contrary to the theory. 

Farther; gunpowder, when kindled, 	burns with great 
rapidity in close vessels, or under an exhausted receiver. 
This substance is composed of nitre, charcoal, and sulphur : 
the two last of which ingredients are combustible : the first 
supplies the oxygen, being 'composed of nitric acid and 
potash. 	Here the oxygen is not only already combined 
with azote, but forms a component part of a solid ; yet a 
greater quantity of caloric and light is emitted during the 
combustion, and almost the whole product of the combus- 
tion is in the state of gas. 	This appears doubly incon- 
sistent with the theory; for the caloric and light must be 
supposed to be emitted from a solid body during its con-
version into gas, which ought to require more caloric and 
light for its existence in the gaseous state than the solid 
itself contained. 

Removed 15. Mr. Brugnatelli, the celebrated professor of che- 
by Brugna- 
ten mistry at Pavia, seems to have been the first who saw this 

objection in its proper light.* 	He has endeavoured to ob- 
viate it in the following manner : according to this very 

Berthol]et, in a note upon this passage in the first edition of this 
Work, informs us that the subject had been examined long before the 
period assigned in the text. 	See Journ. de Phys. lx. 289. 
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acute philosopher, the substance commonly called oxygen Chap. IL 
"---v-1  combines with bodies in two states : 1. Retaining the great- 

est part of the caloric and light with which it is combined. 
When in the state of gas ; 2. After having let go all the 
caloric and light with which it was combined. 	In the first 
state he gives it the name of thermoxygen; in the second, of 
oxygen. 	Thermoxygen exists as a component part, not only 
of gaseous bodies, but also of several liquids and solids. 	It 
is only in those cases where thermoxygen is a component 
part of liquids or solids that caloric and light are emitted. 
All metals, according to him, combine with thermoxygen ; 
those substances, on the contrary, which by combustion are 
converted into acids, combine with oxygen.* 	This ingeni- 
ous theory obviates the objection completely, provided its 
truth can be established in a satisfactory manner. 	But as 
the evidence for it rests almost entirely upon its convenience 
in explaining several difficult points in the phenomena of 
combustion, we must consider it rather in the light of an in-
genious conjecture than as a theory fully established.t 

16. All bodies in nature, as far as combustion is con- Bodies divi- 
cerned, may be divided into three classes; namely, sup-  stble into 

supporters, 
Porters, combustibles, and incombustibles. 	• 	 combusti- 

By supporters I mean substances which are not themselves, cbolesngustn-
strictly speaking, capable of undergoing combustion ; but bies. 
their presence is absolutely necessary, in order that this pro- 
cess may take place. 	Combustibles and incombustibles re-
quire no definition. 

The simple supporters at present known are three in 
number; namely, 

Oxygen, 	Chlorine, 	Iodine. 

The compounds which these three bodies make with each 
other and with azote are likewise supporters. 

17. The combustibles are of three kinds; namely, simple, 
compound ; and oxides, chlorides and iodides. 	The simple 
are the following, 

4.  Ann. de Chim. xxi. 182. 
t The reader will find this theory very fully detailed in the Journal de 

Chimie of Van Mons, vols. 2d and 3d. 	I avoid entering into particulars, 
because I can perceive no evidence whatever for the truth of most of the 
assertions which constitute this theory. 
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Book I. 1. Hydrogen, 	2. Carbon, 	3. Boron, 
Division I. 4. Silicon, 	5. Phosphorus, 	6. Sulphur, 

7. The metals. 

The compound are the various bodies formed by the 

..-Ne•—•1 

union of these simple substances with each other. The com- 
bustible oxides consist chiefly of combinations of hydrogen, 
carbon and azote with oxygen without undergoing com- 
bustion, and they constitute the chief bodies found in the 
vegetable and animal kingdoms. 

is. During combustion, the supporter (supposing it sim- 
ple, or, if compound, the oxygen, chlorine, or iodine, exclud- 
ing the base) always unites with the combustible, and forms 
with it a new substance, which I shall call a product of com- 
bustion. 	Hence the reason of the change which combusti- 
bles undergo by combustion. 	Now every product is either, 
1. an acid ; 2. an oxide; 3. a chloride ; or 4. an iodide. 

19. As light and heat are always emitted during combus- 
tion ; but never when. a supporter combines with a com- 
bustible without combustion, it is natural to suppose that 
the supporters contain either the one or the other of these 
bodies or both of them. 

I am disposed to believe that the supporters contain 
caloric, while that body in other cases is wanting, or at 
least not present in sufficient quantity. 	My reason for this 
opinion is that the caloric which is evolved during com- 
bustion is always proportional to the quantity of supporter 
which combines with the burning body ; but this is by no 

• means the case with respect to light. 	Thus hydrogen com- 
bines with more oxygen than any other body; and it is 
known that the heat produced by the combustion of hydro- 
gen is greater than can be produced by any other method; 
yet the light is barely percept:ble. 

Combus- 20. It was long the general opinion of chemists, that 
tibles con- 	light thin light. ,--7 	exists in a fixed state in all combustible bodies. 	The 

discoveries of Lavoisier induced the greater number of them 
to give up this opinion, on the supposition.tbat combustion 
could be explained in a satisfactory manner without it. 	In- 
deed the followers of that illustrious philosopher considered 
it as incumbent upon them to oppose it with all their might; 
because the fixed light, which had been supposed to consti- 
tute a pkirt of combustibles, had been unfortunately deno- 
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\ zninated phlogiston; a term which they considered as incom- Chap. II. 
patible with truth. 	The hypothesis, however, was OCCR- 
sionally revived; first by Richter and Delametherie, and 
afterwards in a more formal manner by Gren. 	But little 
attention has been paid to it in this country till lately. 

‘.--'.\(-....1  

That the light exists combined with the combustible, will 
appear probable, if we recollect that the quantity which ap-
pears during combustion depends altogether upon the com- 
bustible. 	Phosphorus emits a vast quantity, charcoal a 
smaller, and hydrogen the smallest of all ; yet the quantity 
of oxygen which combines with the combustible during these 
processes, is greatest in those cases where the light is smallest. 
Besides,•the colour of the light depends in all cases upou the 
combustible that burns; a circumstance which could scarcely 
be supposed to take place unless the light were separated 
from the combustible. 	It is well known, too, that when 
vegetables are made to grow in the dark, no combustible 
substances are formed in them; the presence of light being 
absolutely necessary for the formation' of these substances. 
These facts, and several others which might be enumerated, 
give a considerable degree of probability to the opinion that 
light constitutes a component part of all combustible sub-
stances : but they by no means amount to a decisive proof: 
nor indeed would it be easy to answer all the objections 
Which might be started 	against this 	opinion. 	At the 
same time, it will be allowed that none of these objections 
to which I allude amount to a positive proof of the false- 
hood of the hypothesis. 	It is always a proof of the diffi- 
culty of an investigation, and of the little progress which 
has been made in it, when plausible arguments can be 
brought forward on both sides of the question. 

21. Were we to suppose that the supporters contain 
caloric as a component part, while combustibles contain 
light, it would not be difficult to explain what takes place 
during combustion. 	The component parts of the sup- 
porters are two: namely, 1. A base; 2. Caloric. The com-
ponent parts of combustibles are likewise two : namely, 1. 
A base; 2. Light. During combustion the base of the sup-
porter combines with the base of the combustible, and forms 
the product; while at the same time the caloric of the sup- 

' porter combines with the light of the combustible, and the 
compound flies off in the form of fire. 	Thus  embus- 

VOL. ' I. 	 L 	 - 
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Book I. tion is A double decomposition ; the supporter and combus- 
Div ision I. ....—v—, tible divide themselves each into two portions, whkh cam-

bine in pairs; the one compound is the product, and the 
other the fire which escapes. 

Hence the reason that the oxygen of products is unfit for 
combustion. 	It wants its caloric. 	Hence the reason that 
combustion does not take place when oxygen combines with . 
products or with the base of supporters. 	These bodies con- 
tain no light. 	The caloric of the oxygen of course is not 
separated, and no fire appears. 	And this oxygen still re- 
taining its caloric, is capable of producing combustion when-
ever a body is presented which contains light, and whose 
base has an affinity for oxygen. 	Hence also the reason 
why a combustible alone can restore combustibility to the 
base of a product. 	In all such cases a double decomposi- 
tion takes place. The oxygen of the product combines with 
the base of the combustible, while the light of the combus-
tible combines with the base of the product. 

22. But the application of this theory to the phenomena 
of combustion is so obvious, that it requires no particular 
explanation. 	It enables us to explain, with equal facility, 
some curious phenomena which occur during the formation 
of the sulphurets and phosphurets. 	Sulphur and phos- 
phorus combine with the metals and with some of the earths. 
The combination is not formed without the assistance of 
heat. 	This melts the sulphur and phosphorus. 	At the in- 
stant of their combination with the metallic or earthly bases, 
the compound becomes solid, and at the same time suddenly 
acquires a strong red heat, which continues for some time. 
In this case the sulphur and phosphorus act the part of a 
supporter; for they are melted, and therefore contain a great 
deal of caloric : the metal or earth acts the part of a com- 
bustible; for both contain light as a component part. 	Tho 
instant of combination, the sulphur or phosphorus combines 
with the metal or earth; while the caloric of the one, uniting 
to the light of the other, flies off in the form of fire. 	The 
process therefore may be called semicombustion, indicating 
by the term that it possesses precisely one half of the cha-
racteristic marks of combustion. 

23. 'Whenever a supporter enters into a more intimate 
' combination with a combustible than before, combustion is 

the consequence. 	This phenomenon appears in several of 
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the metallic oxides, and has been lately particularly at- Chap. II. 
teflded to:by Berzelius.* 	Thus green oxide of chromium \--se—d  
when heated to redness takes fire and burns for an instant 
without altering its weight. 	Before exposure to the heat it 
was readily soluble in acids ; but after this combustion it 
has become altogether insoluble ; indicating a more inti-
mate combination between the oxygen and chromium, or at 
least an increased aggregation in the particles of the oxide. 
Oxide of tantalum, oxide of rhodium, and several other 
bodies exhibit similar phenomena. 	The combustions which 
I formerly ascribed to the action of partial supporters, may 
be explained in this way. 

24. To estimate the quantity of heat evolved during the 
burning of different combustibles is not only important in a 
philosophical point of view, but of considerable conse- 
quence also as an object of economy. 	A set of experiments 
on this subject was made by Lavoisier and Laplace. 	They 
burnt various bodies in the calorimeter, and estimated the 
heat evolved by the quantity of ice belted in each experi- 
ment. 	Dr. Crawford made a similar set of experiments. 
Re estimated the beat evolved by the increase of tempera-
ture which the water experienced with which he contrived 
to surround the burning bodies.t 	A still more numerous 
set of experiments has been made by Mr. Dalton, chiefly 
on the heat evolved during the combustion of gaseous bodies. 
He filled a bladder capable of holding 50,000 grains of 
Water with the gas: this bladder was fitted with a stop-cock 
and a pipe. 	A tinned vessel was procured capable of hold- 
ing 30,000 grains of water ; the specific heat of which being 
ascertained, and as much water added as made the specific 
heat of both equivalent to that of 30,000 grains of water, 
the gas was squeezed out of the bladder, lighted, and the 
extremity of the flame made to play upon the bottom of 
the tinned vessel. 	The quantity of heat evolved was esti- 
mated by the increase of temperature produced upon the 
water in the vesseht 

• 

A very numerous set of experiments was likewise made 
by Count Rumford on the heat evolved during the combus- 

• Annals of Philosophy, vii. 438. 
t See his experiments on animal heat, p. 254, 320, 333. 
I Dalton's New System of Chemical Philosophy, p. 76.  

L 2 
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Book I. 
Division'. 

Neat pro-
duced by 
combus- 
lion. 

• 

tion of oils, spirits, and various woods ; 	and from the 
length of time which he devoted to the subjecOsitud -xie 
numerous precautions to which he had recourse, it is pro-
bable that his results are near approximations to the truth.* 
The following table exhibits the result of all these experi-
ments, estimating the heat evolved by the quantity of ice 
which it would melt. 	The first column gives the substance 
burnt, and one pound weight is always supposed to be con-
sumed ; the second, the weight of oxygen in lbs. which 
unites with the combustible during the process ; and the third 
the weight of ice in lbs. which was melted, according to 
the different experimenters. 

Substances burnt, 1 lb. 
Oxygen 

consumed 
in lbs. 

Ice melted in lbs. 

Lavoisier. Crawford. Dalton. Rumford. 

• 
Hydrogen 	 
Carbureted hydro- 

gen 	 
Olefiant gas 	 
Carbonic oxide 	 
Olive oil 	 
Rape oil 	 
Wax 	 
Tallow 	 
Oil of turpentine 	 
Alcohol 	 
Ether, sulphuric 	 
Napntha 	 
Phosphorus 	 
Charcoal 	 , 	.. 
Sulphur 	 
Camphor 	 
Caoutch ouc 	 

6 

6. 
3'5 
0.58 
3'5 

3.5 
3.5 

3 

P5 
2'8 
1.36 

295 

14.8 

133 

100 
96'5 

, 

480 

89 

97 

69 

320 

85 
88 
25 

104 

104 
104 
60 
58 
62 

60 
40 
20 
70 
42 

93'073 
124.097 
126'242 
111'582 

67.470 
107.027 

97'834 

Flom the nature of Mr. Dalton's experiments, 	the 
results which he obtained must be unavoidably rather too 
low, as a portion of the heat would be dissipated by radia- 
tion. 	But from the simplicity of the method, and the 
facility of repetition which it afforded, there is reason to 
believe tlntt the errors are not very material. 

. Nicholson's Journal, xxxii. 105; 	xxxiv. 319, and xxxv. 95.— 
Gilbort's Annalen, xlv. 1,306. 
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; .:The result of Count Rumford's experiments on the Chap. 11. 
Copatigain of woods will be seen in the following table. 

i 
‘.-...v-...) 

Yee in lbs. melt- e 
Species of l:V.17t  g.X,`p 	,ilot  Quality. 	 the burning of 1 wood. lb. of the com-

bustible. 

Lime 	 Joiner's dry wood, 4 years old 	  46.145 
Ditto 	 Ditto 	  46.406 
Ditto 	 Ditto, highly dried over a chafing dish ...... 52.806 
Ditto 	 Ditto     54'210 
Ditto 	 Ditto, rather less dried  	51•771 
Beech 	 Joiner's dry wood, four or five years old 	 45.089 
Ditto 	• Ditto .. ..     45.002 
Ditto 	 Ditto, highly dried over a chafing dish   48.445 
Ditto 	  Ditto 	  48.245 
Elm 	 Joiner's wood, rather moist 	  36.196 
Ditto 	 Joiner's dry wood, four or five years old .... 40'478 
Ditto 	 Ditto 	  40.068 
Ditto 	 Ditto, highly dried over a chafing dish 	 46.020 
Ditto 	 Ditto 	  44'868 
Ditto ., .... Ditto, dried and scorched in the stove 	 41.200 ' 
Oak 	 Common fire wood in moderate shavings .... 34.120 
Ditto 	 Ditto, in thicker shavings, leaving a residuum 

of charcoal 	  .. 32.997 
Ditto 	 Ditto, in thin shavings 	  35.062 
Ditto 	 Ditto, in thin shavings, well dried in the air.. 	38.946 
Ditto 	 Joiner's wood, very dry, in thin shavings .... 39'840 
Ditto. 	 Ditto 	  39128 
Ditto 	 Thick shavings, leaving 0.92 grains of charcoal 54-969 
Ash 	 Joiner's common dry wood 	  40.888 
Ditto 	 Same kind, shavings dried in the air 	 44'960 
Ditto 	 Ditto, highly dried over a chafing dish 	 47'265 
Maple 	 Seasoned wood, highly dried over a chafing 

dish 	  48.156 
Service 	 Ditto, 	ditto 	  48'113 
Ditto 	 Same kind, scorched in a stove 	  43'116 
Cherry ..... Joiner's dry wood 	  44.452 
Ditto 	 Same kind, highly dried over a chafing dish .. 49.205 
Ditto 	 Same kind scorched in a stove 	  46.350 
Pit- 	 Joiner's common dry wood 	  40.429 
Ditto 	 Shavings well dried in air 	  45•333 
Ditto 	 Highly dried over a chafing dish    49.835 
Ditto 	 Dried and scorched in a stove 	  44.477 
Ditto .... : . Thick shavings leaving much charcoal 	 38.260 

Ditto 	
..... 

Ditto 	' 	. . 
Joiner's common dry wood . 	  46.134' 
Same kind, highly dried over a chafing dish 	 49'548 

Hornbeam.. Joiner's dry wood.. 	  42'400 
Ditto 	 Ditto 	  42'145 
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Division I. 

Tee in lb. melt., 
Species of 	 eel by the best 

‘....—‘,.--.) wood. 	 Quality. 	 ft=f4"(1)1' 
lb• of the cm-
h Jobble. 

	

Oak....... With 19.6 per cent. of water 	 ' 

	

imperfectly burnt, leaving in 	4:1/.81.  gramme 35.228 

	

the combustion a charcoal 	013 	34.121  
. 

	

residuum amounting to.... 	0.94 	54 556  

Ifany confidence can be put in the accuracy of the preced-
ing tables it is pretty obvious that the quantity of heat 
evolved during combustion is riot proportional to the quan- 
tity of oxygen which unites with the burning body. 	When 
we compare the combustion of the oils, wax, and alcohol 
made by Count Rumford, with the quantity of heat 
evolved during the combustion of hydrogen and charcoal 
as determined by Crawford, reckoning the composition of 
the compound inflammables, as it bas been determined by 
the experiments of Saussur and Gay Lussac, it would 
appear that there is a specific quantity of heat evolved dur-
ing the burning of hydrogen and charcoal, and that the 
same quantity appears when these bodies are burnt in what-
ever state of composition they may ,exist. 

III. PERCUSSION. 

It is well known that heat is produced by the percussion 
of hard bodies against each other. 	When a piece of iron 
is smartly and quickly struck with a hammer, it becomes 
red 'hot; and the production of sparks by the collision of 
flint and steel is too familiar a fact to require being men- 
tioned. 	No heat, however, has ever been observed to fol- 
low the percussion of liquids, nor of soft bodies which easily 

Percussion 
yield to the stroke. 	, 

1. This evolution of caloric by percussion seems to be 
produces the consequence of a permanent or temporary condensa- 
condensa- 
tions tion of the, body struck. 	The specific gravity of iron 

before hammering is 7'788 ; after being hammered, 7.840 : 
that of platinum before hammering is 19'50; after it, 21•65. 

Caloric 2. Now condensation seems always to evolve caloric; at 
evolved 11 least this is the case in those bodies in which we can pro- 
condensa- 
tion. duce a remarkable and permanent diminution of bulk. 

When muriatic acid gas is absorbed by water, the liquid 
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`!..,Ion rises to the temperature of 100'; and a still higher Chap. II. 

‘""se'*1  te riq)e'fait.Fe is produced when ammoniacal gas and mu- 
riatic acid igas concrete into a solid salt. 	When limestone 	‘ 
is dissolved in sulphuric acid, a considerable heat is pro-
duced, notwithstanding the great quantity of carbonic acid 
which is set at liberty. 	And if we use pure lime instead of 
limestone, a very violent heat takes place. 	Now in this 
case the acid and the water which it contains are converted 
partly from liquids to solids, and the bulk is much dimi- 
nished. 	It is known also, that when air is suddenly con- 
densed, a thermometer surrounded by it rises several de- 
grees.* 	From the suddenness of the rise in this case, Mr. 
Dalton has shown that a much greater heat is evolved than 
is indicated by the thermometer. 	From his experiments it 
follows, that when air is suddenly condensed to half its 
bulk, its temperature is raised 50 degrees.t 	The same 
change takes place when air is suddenly admitted into a 
vacuum. 	It cannot be doubted that a much greater rise of 
temperature than 50 degrees is occasioned by the conden- 
sation of air. 	The experiment first made by Mollet, but 
which has long been familiar to chemists, shows this in a 
convincing manner. 	If a piece of tinder be put into the 
extremity of a syringe, and the air be suddenly condensed 
upon it, the tinder catches fire.f 

On the other band, when a body is suddenly rarefied, 
its temperature is lowered. 	Mr. Dalton has 4:town, that 
by pumping the air out of a receiver, its temperature sinks 
also 50°.§ 

Berthollet, Pictet, and Biot, have made a set of experi-
ments, to ascertain the quantity of heat evolved when duc-
tile metals are suddenly struck forcibly, as when they are 
stamped in the process of coining. 	The experiments were 
made upon pieces of gold, silver, and copper, of the same 
size and shape, and care was taken that all the parts of the 
apparatus had acquired the same temperature before the 
experiments began. 	Copper evolved most heat, silver was 
next in order, and gold evolved the least. 	The first blow 
evolved the most heat, and it diminished gradually, and 
after the third blow was hardly. perceptible. 	The heat ac- 

Darwin, Phil. Trans. 1788. • t Manchester Memoirs, v. 515. 
Pictet, Phil. Mag. xiv. 364. 	§ Ibid. v. 515. 
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Book r. 	quired was estimated by throwing the piece of metal struel- 
Division.I. into a quantity.of water, and ascertaining the billi'rg'eef %.—v......./ 

temperature which the water underwent 	 1'hc following 
table exhibits the increase of .temperature, experienced by 

, two pieces of copper by three successive blows ; 

	

{1st Piece 	. 	- 	17•44° , 1st Blow 	2i.1 Piece 	  20.00- 

	

{1st Piece  	7-30 2d Blow  

	

2d Piece  	3.69 
• 1.90 

	

3cl. Blow {lst Piece 	  
2d Piece •  	P46 

The whole quantity of heat evolved by each of these 
pieces of copper is nearly the same; that from the first 
piece being 26.64°, and that from' the second 25.95°. 

The following table exhibits the heat evolved from two 
pieces of silver treated in the same way. 

	

1st Blow flst Piece  	6.19°  

	

2d,; Piece  	7'30 
f 2d Blow 	1 st Piece  	5.85 

	

12d  Piece  	2•14 

	

id Blow flst Piece  	2.76 

	

2d Piece 	. 	2.02 
Total evolved from the 1st piece   1414 
Ditto from the 2d   11.46 

The change in specific gravity which the metals under-. 
went, was found to be proportional to the heat thus evolved, 
as appears from the following table, deduced from their 
experiments. 	The specific gravities were taken at the tem- 
perature of 46-5°. 

Specific gravity of gold   19.2357 
Ditto annealed 	, 	19'2240 
Ditto struck 	.   19.2487 
Specific gravity of silver 	 10.4667 
Ditto annealed 	  10•4165 
Ditto struck 	  10.4838 
Specific gravity of copper  	8'8529 
Ditto struck 	8.8898 
Ditto struck a second time  	8'9081 

From 	these experiments 	it is obvious, that the heat 
evolved when metals are struck is owing to the condensation, 
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_--,nd proportional to the condensation. 	Hence, when they chap. 11. al- '&461-Ter be condensed, they cease to evolve heat. "--v--1  
These philosophers observed, during their experiments, 
that heat or cold is propagated much more rapidly, •from 
one piece of metal to another, when they are struck, than 
when they are simply placed in contact.' 

3. It is not difficult to see why condensation should oc.. 
casion the evolution of caloric, and rarefaction the contrary. 

And why. 

When the particles of a body arc forced nearer each other, 
the repulsive power of the caloric combined with them is 
increased, and consequently a part of it will be apt to fly 
off. 	Now, after a bar of iron has been heated by the ham- 
mer, it is much harder and brittler than before. 	It must 
then have become denser, and consequently must have 
parted with caloric. 	It is an additional confirmation of 
this, that the same bar cannot be heated a second time by 
percussion until it has been exposed for some time to a red 
heat. 	It is too brittle, and flies to pieces under the ham- 
mer. 	Now brittleness' seems in most cases owing,  to the 
absence Of the usual quantity of caloric. 	Glass unannectled, 
or,. which is the same thing, that has been cooled very 
quickly, is always extremely brittle. 	When glass is in a 
state of fusion, there is a vast quantity of caloric accumu-
lated in it, the repulsion between the particles of which 
must of course be very great; so great indeed, that they 
would be disposed to fly off in every direction with incon-
ceivable velocity, were they not confined by an unusually 
great quantity of caloric in the surrounding bodies : con-
sequently if this surrounding caloric be removed, the caloric 
of the glass flies off at once, and more caloric will leave the 
glass than otherwise would leave it, because the velocity of 
the particles must be greatly ;ncreased. 	Probably then the 
brittleness of glass is owing to the deficiency of caloric ; and 
we can scarcely doubt that the brittleness of iron is owing 
to the same cause, if we recollect that it is removed by the 
application of new caloric. 

4. It deserves attention, 	too, 	that condensation dhni- Condensa-.  
nishes the specific caloric of bodies. 	After one of the clay n sh 

no
i 
 n 

di spe- 
pieces used in Wedgewood's thermometer has been heated cific 

ric. 
calo- 

Mem. d'Arcucii, ii, p, 4.41. 
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Book I. to 120°, it is reduced to one half of its former bulk, thougl- 
Divisi" I-  it has lost only two grains of its weight, and Wallet:71z 

caloric is at the same time diminished one thi!d.* 	But 
we can hardly conceive the specific caloric of a body to be 
diminished without an evolution of caloric taking place at 
the same time. 

`--Y_,  

Why heat. 
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gussion. 

5. These observations are sufficient to explain why caloric 
is evolved by percussion. 	It is forced out from the par- 
tides of the body struck with which it was formerly com- 
bined. 	But a part of the caloric which is evolved after 
percussion often originates in another manner. 	By con- 
densation, as much caloric is evolved as is sufficient to raise 
the temperature of some of the particles of the body high 
enough to enable it to combine with the oxygen of the 
atmosphere. 	The combination actually takes place, and a 
great quantity of additional caloric is separated by the de- 
composition of the gas. 	That this happens during the col- 
lision of flint and steel cannot be doubted ; for the sparks 
produced are merely small pieces of iron heated red hot by 
uniting with oxygen during their passage through the air, 
as any one may convince himself by actually examining 
them. 	Mr. Hawksbee t and others have shown, that iron 
produces no sparks in the vacuum of  an air-pump; but 
Mr. Kirwan affirms, that they are produced under common 
spring water. 

It is not easy to account for the emission of caloric on 
the percussion of two incombustibles. 	In the last chapter, 
mention was made of the light emitted during the percus-
sion of two stones of quartz, flint, felspar, or any other 
equally hard. 	Caloric is also emitted during this percus- 
sion, as is evident from the whole of the phenomenon. 	Mr. 
T. Wedgewood found, that R piece of window-glass, when 
brought in contact with a revolving wheel of grit, became 
red hot at its point of contact, and gave off particles which 
set fire to gunpowder and, to hydrogen gas.$ 	We must 
either suppose that all the caloric is produced by mere con-
densation, which is not probable, or acknowledge that we 
cannot 	explain the phenomenon. 	This is almost the 

T. NVedgewood, Phil. Trans. 1792. 	Ibid. xxiv. 216.5. 
/ Phil. Trans. 1792, p. 45. 
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"v11y instance of the evolution of caloric and light where Chap. It. 
'—v thAigfkr y: of a supporter cannot be demonstrated or even 	--d 

rendered piobable. 	. 
The luminous appearance which follows the percussion 

of certain bodies in vacuo, or in bodies which are not ca-
pable of supporting combustion, seems to be connected with 
electricity ; for all such bodies are electrics. 	They are fre-
quently also phosphorescent ; which property may likewise 
contribute to the effect.* 

Iv: FRICTION. 

Caloric is not only evolved by percussion, but also by Emission of 
friction. 	Fires are often kindled by rubbing pieces of dry cf,ligiocnb.Y 
wood smartly against one another. 	It is well known that 
heavy-loaded carts sometimes 	take 	fire by the friction 
between the axle-tree and the wheel. 	Now in what man- Not owing 
ner is the caloric evolved or accumulated by friction ? Not stoa 

t o
o:den. 

by increasing the density of the bodies rubbed against each 
other, as happens in cases of percussion ; for heat is pro-
duced by rubbing soft bodies against each other; the den-
sity of which therefore cannot be increased by that means, 
as any one may convince himself by rubbing his hand 
smartly against his coat. 	It is true, indeed, that heat is 
not produced by the friction of liquids ; but ,  then they are 
too yielding to be subjected to strong friction. 	

It is not crease of owing to the specific caloric of the rubbed bodies decreasing; 
for Count Rumford found that there was no sensible de— loric, 
crease,t nor, if there were a decrease, would it be sufficient 
to account for the vast quantity of heat which is sometimes 
produced by friction. 

Count Rumford took a cannon cast solid and rough as 
it came from the foundry; he caused its extremity to be cut 
off, and formed, in that part, a solid cylinder attached to 
the cannon 7.. inches in diameter and 9A inches long. 	It 
remained joined to the rest of the metal by a small cylin- 
drical neck. 	In this cylinder a hole was bored 3.7 inches 
in diameter and D2 inches in length. 	Into this hole was 
put a blunt steel borer, which by-means of horses was made 

,-, i.o rub against its bottom; at the same time a small hole 
• 

• Jour. of the Royal Instit. i. 264. 	f Nicholson's Journal, ii. 106, 
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Book I. was made in the cylinder perpendicular to the bore, al—: 
Divi
-..

sion t. 
sv........) 

,..,..,36,_ ending m the solid part a little beyond the end o-.  the pokb. 
This was for introducing a thermometer to measure the 
heat of the 	cylinder. 	The cylinder was wrapt round 
with flannel to keep in the heat. 	The borer pressed against 
the bottom of the holowith a force equal to about 10,0001bs. 
avoirdupois, and the cylinder was turned round at the rate 
of 32 times in a minute. 	At the beginning of the experi- 
ment the temperature of the cylinder was 60°; at the end of 
30 minutes, when it had made 960 revolutions, its tempe- 
rature was 130°. 	The quantity of Metallic dust or scales 
produced by this friction amounted to 837 grains. 	Now;  
if we were to suppose that all the oaloric was evolved from 
these scales, as they amounted to just 	 i, 	of the cy- part 
linder, they must have given out 948° to raise the cylinder 
1°, and consequently 66,360°  to raise it 70° or to 130°, 
which is certainly incredible.* 

Nor to Neither is the caloric evolved during friction owing to 
bus- 

tion; the combination of oxygen with the bodies themselves, or 
any part of them. 	By means of a piece of clock-work, Mr. 
Pictet made small cups (fixed on the axis of one of the 
wheels,) to move round with considerable rapidity, and lie 
made various substances rub against the outsides of these 
cups, while the bulb of a very delicate thermometer placed 
within them 	marked 	the heat 	produced. 	The whole 
machine was of a size sufficiently small to be introduced 
into the receiver of an air-pump. 	By means of this ma- 
chine a piece of adamantine spar was made to rub against 
a steel cup in air : sparks were produced in great abun-
dance during the whole time, but the thermometer did not 
rise. 	The same experiment was repeated in the exhausted 
receiver of an air-pump (the manometer standing at four 
lines;) no sparks were produced, but a kind of phosphoric 
light was visible in the dark. 	The thermometer did not 
rise. 	A piece of brass being made to rub in the same man- 
ner against a much smaller brass cup in air, the thermo-
meter (which almost filled the cup) rose 0'3°, but did not 
begin to rise till the friction was over. 	This shows us that 
the motion produced in the air carried off the caloric as it 
was evolved. 	In the exhausted receiver it began to rise 

Nicholson's Journal, ii. 106. 
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1.14e moment the friction began, and rose in all 1.2°. 	When Chap. II. , 	, Itfr.71,-Oeu9oa was inade to rub against the brass cup in the 
air, the th1,rmometer rose 0.7°, and on substituting also a 
wooden cup it rose 2.1°, and in the exhausted receiver 

"-- Nt—d  

2.4°, and in air condensed to 1* atmospheres it rose 0.50.* 
If these experiments be not thought conclusive, I have 

others to relate, which will not leave a doubt that the heat 
produced by friction is not connected with the decompo- 
sition of oxygen gas. 	Count Rumford contrived, with his 
usual ingenuity, to inclose the cylinder above described in 
a wooden box filled with water, which effectually excluded 
all air, as the cylinder itself and the borer were surrounded 
with water, and at the same time did not impede the motion 
of the instrument. 	The quantity of water amounted to 
1.8•771bs. avoirdupois, and at the beginning of the experi- 
ment was at the temperature of 60°. 	After the cylinder 
had revolved for an hour at the rate of 32 times in a 
minute, the temperature of the water was 107°; in 30 
minute's more it was 178°; and in twd hours and 30 minutes 
after the 	experiment began, 	the water actually boiled. 
According to the computation of Count Rumford, the ca-
loric produced would have been sufficient to heat 26'58 lbs. 
avoirdupois of ice-cold water boiling hot; and it would 
have required nine wax candles of a moderate size, burning 
with a clear flame all the time the experiment lasted, to 
have produced as much heat. 	In this experiment all access 
of water into the hole pf the cylinder where the friction 
took place was prevented. 	But in another experiment, 
the result of which was precisely the same, the water .was 
allowed free access.t 

The experiments of Rumford were repeated and diversi- 
fied by M. Haldot. 	He contrived an apparatus by which 
two bodies could be pressed against each other by means of 
a spring, while one of them turned round wit11 the velocity 
of 32.8 inches per second. 	The friction took place in a 
strong box containing 216 cubic inches of water. 	The 
results obtained so nearly resemble those of Count Rum- 
ford 	that 	it is 	unnecessary 	to 	enter 	into 	particular 
deia'ils. 	The rubber was brass. 	When the metal rubbed 
:etas zinc the heat evolved was greatest; brass and lead af. • 

Pieta, sur 1e Feu, ch. ix. 	t Nicholson's Journal, ii. 10G. 
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Book I. forded equal heat, but less than zinc; tin produced onl- 
Division I. *tits of the heat evolved during the friction of lefir"--WicitA 

the pressure was quadrupled the heat evolved bcr.. ame seven 
times greater than before. 	When the rubber was rough it 
produced but half as much heat as when smooth. 	When 
the apparatus was surrounded by bad conductors of heat, 
or by non-conductors of electricity, the quantity of heat 
evolved was dim in ish ed.* 

And COTISC. The caloric, then, which appears in consequence of fric- 
quently at 
present in- 
explicable. 

' 

tion, is neither procluced.by an increase of the density, nor 
by an alteration in the specific caloric of the substances 
exposed to friction, nor is it owing to the decomposition 
of the oxygen of the atmosphere—Whence then is 	it 
derived? 	This question cannot at present be answered: 
but this is no reason for concluding, with Count Rumford, 
that there is no such substance as caloric at all, but that it 
is merely a peculiar kind of motion; because the facts men-
tioned in the preceding part of this chapter cannot be easily 
reconciled to such a supposition. 	Were it possible to prove 
that the accumulation of caloric by friction is incompatiblewith 
its being a substance, in that case Count Rumford's conclu-
sion would be a fair one ; but this surely has not been clone. 
We are certainly not yet sufficiently acquainted with the 
laws of the motion of caloric, to be able to affirm with cer-
tainty that friction cannot cause it to accumulate in the 
bodies rubbed. 	This we know at least to be the case with 
electricity. 	Nobody has been hitherto able to demonstrate 
in what manner it is accumulated by friction ; and yet 
this has not been thought a sufficient reason to deny its ex-
istence. 

Analogy Indeed there seems to be a very close analogy between 
between ca- 
loric and e- caloric and electric matter. 	Both of them tend to diffuse 
lectricity. themselves equally, both of them dilate bodies, both of them 

fuse metals, and both of them kindle combustible sub- 
stances. 	Mr. Achard has proved, that electricity can be 
substituted for caloric even in those cases where its agency 
seems peculiarly necessary; for he found, that by constantly 
supplying a 	certain quantity of the electric fluid, eggs 
could be hatched just as when they are kept at the tempera- 
ture of 103°. 	An accident indeed prevented the chicken. 

Nicholson's Journal, xxvi. 30. 
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from actually coining out; but they were formed and living, Chap. II. 
z:CAVILdig two days of bursting their shell. 	Electricity has "'"Ne"d  
also a grek deal of influence on the heating and cooling of 
bodies. 	Mr. Pictet exhausted a glass globe, the capacity of 
which was 1200.199 cubic inches, 	till the 	manometer 
within it stood at 1.75 lines. 	In the middle of this globe 
was suspended a thermometer, which hung from the top of 
a glass rod fixed at the bottom of the globe, and going 
almoss to its top. 	Opposite to the bulb of this thermome- 
ter two lighted candles were placed, the rays of which, by 
means of two concave mirrors, were concentrated on the 
bulb. 	The candles and the globe were placed on the same 
board, which was supported by a non-conductor of elec- 
tricity. 	Two feet and a half from the globe there was an 
electrifying machine, which communicated with a brass 
ring at the mouth of the globe by means of a metallic con- 
ductor. 	This machine was kept working during the whole 
time of the experiment; and consequently a quantity of 
electric matter was constantly passing into the globe, which, 
in the language of Pictet, formed an atmosphere not only 
within it, but at some distance round, as was evident from 
the imperfect manner in which the candles buried. 	'When 
the experiment began, the thermometer stood at 49.8°. 	It 
rose to 70.2° in 732". 	The same experiment was repeated, 
but no electric matter thrown in ; the thermometer rose from 
49.8° to 70.2° in 1050"; so that the electricity hastened the 
beating almost a third. 	In the first experiment the ther-
mometer rose only to 71.3°, but in the second it rose to 77°. 
This difference was doubtless owing to the candles burning 
better in the second than the first experiment; for in other 
two experiments made exactly in the same manner, the 
maximum was equal both when there was and was not 
electric matter present. 	These experiments were repeated 
with this difference, that the candles were now insulated, by 
placing their candlesticks in vessels of varnished glass. The 
thermometer rose in the electrical vacuum from 52.2° to 
74.7° in 1050" ; in the simple vacuum ill 965". 	In the 
electrical vacuum the thermometer rose to 77°; in the 
simple vacuum to 86°. 	It follows from these experiments, 
that when the globe and the candles communicated with 
each other, electricity hastened the heating of the thermo-
meter; but that when they were insulated separately, it re- 

   
  



160 IMPONDERABLE BODIES. 

Book I. tarried it.* 	One would be apt to suspect the agency of 
Division I.  .___.v....... electricity in the following experiment of Mr. Pie*.i:-:.i-  .p.,,,,,; 

one of the brass cups formerly described a smaL. quantity 
of cotton was put to prevent the bulb of the thermometer 
from being broken. 	As the cup turned round, two or 
three fibres of the cotton rubbed against the bulb, and 
without any other friction the thermometer rose five or six 
degrees. 	A greater quantity of cotton being made to rub 
against the bulb, the thermometer rose 15°4 

I do not mean to draw any other conclusion from these 
facts, than that electricity is very often concerned in the 
heating of bodies, and that probably some such agent is 
employed in accumulating the heat produced by friction. 
Supposing that electricity is actually 	a 	substance, 	and 
taking it for granted that it is different from caloric, does it 
not in all probability contain caloric as well as all other 
bodies ? 	Has it not a tendency to accumulate in all bodies 
by friction, whether conductors or non-conductors? 	May 
it not then be accumula-ted in those bodies which are rubbed 
against one another? or,.if they are good conductors, may 
it not pass through them during the friction in great quan- 
tities ? 	May it not part with some of its caloric to these 
bodies, either on account of their greater affinity or some 
other cause ? ' and may not this be the source of the caloric 
which appears during friction ? 

V. MIXTURE. 

Mixtures It is well known that in a vast. number of cases, when 
change 
tempera- two substances enter into a chemical union, a change of 
raturc. temperature takes place. 	In some instances the mixture 

becomes colder than before, while in others it becomes 
much hotter. 	In the third division of the preceding sec- 
tion, a very copious list has been given of the first set 
of mixtures. 	It remains for us to consider the nature of the 
second set, and to endeavour, if possible, to ascertain the 
cause of the change of temperature.  

Water es- 1. It deserves particular attention, that water constitutes 
sential. an essential part of almost all mixtures in which a change 

of temperature takes place. 	The most remarkable ex- 

Pietet sur ie Feu, r1Rip,vi. 	 t ibid. chap. ix. 
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Options to this rule are some of the gaseous bodies, which Chap. H. 
`..!?..1v.t.Yaid together constitute a solid body, as ammoniacal `"--v----i  
and muriaqc acid gases. 	At the instant of union a very 
considerable heat is 	evolved. 	But even these gaseous 
bodies contain a considerable proportion of water, which 
in all probability contributes not a little to the effect. 

2. In many cases the particular change of temperature Nature of 
which is produced by mixture depends upon the proportion tdhcepeenhdasnogne 
of water previously combined with one of the ingredients; the 
for the same ingredients are capable either of producing tt e
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heat or cold according to that proportion. 	It has been 
ascertained by the experiments of Mr. Lowitz and Mr. 
Walker that, when salts which contain a great deal of water 
in their composition, as carbonate of soda, sulphate of soda, 
muriate of lime, &c. are dissolved in water, 	the tempe- 
rature sinks considerably; and the fall is proportional to the 
rapidity of the solution. 	But when the same salts, pre- 
viously deprived of their water by exposure to heat, are 
dissolved, the temperature of the mixture rises consider-
ably, 

S. It may be laid down as a rule to which there are few An increase. 
exceptions, that when the compound formed by the union covfodievneity 
of two bodies is more fluid or dense than the mean fluidity heat. 
or density of the two bodies before mixture, then the tem- 
perature sinks; but when the fluidity or the density of the 
new compound is less than that of the two bodies before 
mixture, the temperature rises; and the rise is pretty nearly 
proportional 	to the difference. 	Thus 	when snow and And the 
common salt are mixed together, they gradually melt, and contrary, 

cold. 
assume the form of a liquid. 	During the whole process of 
melting, the temperature continues at zero or lower ; but 
whenever the solution is completed, the temperature rises. 
On the other hand, when spirits and water are mixed . 
together, a condensation takes place; for the specific gi•avity 
is greater than the mean. Accordingly the mixture becomes • 
hot. 	When four parts of sulphuric acid and one part of 
water are mixed together, the density is very much in-
creased; accordingly the temperature of the mixture sud- 
deviy rises to about 300'. I  4. We now see the reason why those salts which contain 
water in abundance produce cold during their solution : the 
water, while it constituted a part of them, was in a solid 

vol.. 1. 	 1.1. 
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Book I. 
Division I. 

state ; but when the salt is dissolved, it becomes liquid 1' 
Since these salts, if they be deprived of their 1.:irt:.:4=Ip.nr' 
duce heat during their solution, it cannot be 	.aubted that 
the water, before it dissolves them, combines first with 
them, so as to form a solid,. or at.least a solution of con-
siderably greater density. 

From the experiments of Gay Lussac it appears still more 
clearly that the evolution of heat or cold in such cases de-
pends upon the change of the water from a state of solidity 
to a state of liquidity, or vice versa. 	He mixed together 
a solution of nitrate of ammonia of the specific gravity , 
1'302 at the temperature of 61.3°  with water in the pro-
portion of 41.05 of the former and 33'76 of the latter. 
The temperature of the mixture sunk 8.9°, yet the density 
increased. 	For the mean density would have been P151, 
while the density of the mixture was P159. 	This acute 
experimenter mentions several similar examples; though in 
none of them was the absorption of heat so great as in the 
instance which I have selected.* 

Solidifica- 
tion of wa-
ter evolves 
heat. 

5. Whenever water is solidified, a considerable propor- 
tion of the heat is evolved. 	Hence the reason that a great 
deal of heat is produced by sprinkling water upon quick- 
lime. 	A portion of the water combines with the lime, and 
forms with it a dry powder totally destitute of fluidity. 	For 
the same reason heat is produced when quicklime is thrown 
into sulphuric acid. 

Depends on 
latent heat. 

6. The whole of these phenomena, and likewise the 
evolution of heat during putrefaction and fermentation, are 
sufficiently explained by Dr. Black's theory of latent heat, 
Fluidity, in all cases, is produced by the combination of 
caloric with the body that becomes fluid. 	Hence a mixture, 
when it becomes fluid, must absord caloric; which is the 
same as saying that it must produce cold. 	On the other 
hand, when a fluid body becomes solid, heat must be 
evolved ; because a fluid can only become solid by parting 
with its caloric of fluidity. 	But the application of the 
theory to all cases of changes in temperature by Mixture is 
so obvious, that it is quite unnecessary to give any farther 
-illustration.  

7. In most combinations which evolve heat or cold, a 

Ann. de Chim. et Phys. i. 214. 
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Oiange takes place in the specific caloric of the bodies corn- chaP•II. 

'-:;711W.-'' 'Po this change Dr. Irvine ascribed the whole of the 
heat or c'ed evolved. 	Though he appears to me to have 
carried this doctrine too far, the change must doubtless be 
allowed to have considerable effects. 

\----v"-‘1  

VI. ELECTRICITY. 

1. It is well known that when an excited body, is disc  
charged through air, there always appears a very bright 
flash of light, familiarly known by the name of the spark. 
This spark when sufficiently strong, produces all the effects 
of heat. 	It fuses the most refractory metals, and sets fire 
to gunpowder, to alcohol, and other combustible bodies. 
Hence, it is obvious, that electricity evolves both heat any. 
light. 	Indeed the quantity of heat produced by the action 
of a large galvanic battery is nearly as intense as that pro-
duced by the most powerful burning glasses, or by the 
combustion of a mixture of oxygen and hydrogen gases. 
This is clearly shown by the experiments of Mr. Children 
with his magnificent galvanic apparatus.* 

2. The effects which electricity produces upon metallic Effect on 
bodies seem to be inversely as their powers of conducting 
electricity. 	The best conductors are least injured by its 
action, and the worst conductors are most injured. 	Van 

metals. 

Marumt made the full charge of a battery, charged by the 
Teylerian machine, to pass trough wires 	. of an inch in 
diameter, and consisting of different metals in succession. 
The following table exhibits the length of each wire melted 
by the discharge.  

Inches. 	 Inches: 
Lead wire 	 120 	Silver 
Tin. 	  120 	Copper 	. 	 0'25 
Iron.  	5 	Brass 
Gold  	34- 	 • 

13y equal discharges of the battery. 

A wire of •ir.on;' +3- inch in diameter, was melted the 
, 	 length of 	  16 

• Phil. trans. 1815, p. 363. 
t Premiere continuation des experiences faites par le snoyea de la 

machine electri9ue Teylerienne. 
Nx 2 
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Inches, 
Book I. 	A wire 

Division I. 
%......v......) 

of silver, -5'T  inch in diameter, (partly inette41- .T  cr,---, " ---,-' t 

partly reduced to small bits) ..: 	 8•5 
copper, .51;  inch in diameter, (not melted) 	 0.25 
brass,- inch in diameter, (partly melted, 

partly reduced to small bits) 	12 

Now it appears from the experiments of Van Martini, 
that copper is a much better conductor of electricity than 
brass or iron. 

When electrical shocks are made to pass through ti gOna. 
conductor, a thermometer placed in the conductor does hot 
rise. .Van Marum made a stream of electric matter pass to 
the bulb of a thermometer; it rose from 80° to 100°. 	In 
the vacuum of an air pump, a thermometer in the same 
circumstances rose to 1200. 	Being placed in oxygen gas 
and in azotic gas, both rarefied to the same degree, the rise 
of the thermometer was the same.* 

Mr. Children's experiments, with his powerful galvanic 
battery, were more susceptible of accuracy than those of 
"Van Marum, owing to the uninterrupted flow of the elec- 
trical current. 	Hence, in all probability, they are more to 
be depended on. From the length of metallic wires brought 
into fusion by this battery, it would appear that the order 
of the metals as conductors of electricity is as follows.f 

1. Silver 	' 3. Gold 	5. Iron 
2. Zinc 	4. Copper 	6. Platinum. 

It is very remarkable, that when metals are ignited by 
electricity, they remain longer red hot than when the same 
effect is induced by a common fire. 	It would be difficult 
by a common fire to ignite a wire of zinc. 	But this may be 
readily done by means of a galvanic battery. 

Heat evolv- 	3. Whenever two bodies in different electrical states, the 
ed by an 	one plus, the other minus, are brought near each other, so 
e
el

le
35
ct

g
r
e
ic
. 

dis- as to produce a discharge and destroy the excitement, heat 
is always evolved. 	What is the cause of this heat ? I3y those 
who consider" the two states of electricity as two. distinct 
fluids, this question is considered as capable of a reaey 
answer. 	Ileat, say they, is formed by the union of the twu 
electricities. 	While separate, they produce the phenomena 

4  Phil. Mag. viii. 193. 	f Phil. Trans. 1815, p. 36t. 
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nf electricity; but when united, they lose their electrical Chap. II. 
'''bfiekties, and constitute heat. 	The British philosophers, 

however, .who do not admit of the existence of negative 
electricity as a distinct substance, but consider it as the con-
sequence Of a body being deprived of the usual dose of 
electricity which it possesses when in a neutral state, have 
not been able to answer the question in a satisfactory 
manner. 

4. Berzelius has contrived a theory of combustion and 

\---v---1  

Berzelius's 
ofchemical affinity, which has a very plausible appearance, 
and which has been embraced, either entirely or with some 
tnodifications, by several of the most eminent chemists of the 
present day. 	According to him, all bodies which have an 
affinity for each other are in two opposite states of electri-
city, and the more intensely each is excited, the stronger is 
their affinity for each other. 	When they unite, these oppo- 
site elactricities are neutralized either in part or entirely, 
and the neutralization produces the phenomena of combus- 
tion, namely, the extrication of heat And light. 	If we were 
to modify this theory by adopting the French hypothesis, 
that resinous electricity is a distinct fluid as well as vitreous 
electricity ; and if we were to suppose farther, 	that the 
union of these two electricities constitutes the body, which is 
capable, According to circumstances, of assuming the form 
of heat or of light ; in that case the phenomena of combus-
tion would admit of a simple and complete explanation. 

c
tl
o
ie
rn
oz

s
o! 

tion. 

The hypothesis is plausible; but it cannot be adopted with 
safety till Berzelius's theory of chemical affinity be better 
demonstrated than has hitherto been possible. 	That every 
body in nature has a peculiar permanent electrical state 
which it never loses, except by combining with another 
body, and that bodies which combine are always in opposite 
states of electricity, may rather, in most cases, be considered 
as an assertion than a deduction from the phenomena. 
Oxygen and chlorine, for example, are two bodies which 
are conceived to be always negatively electric. 	Phosphorus 
and sulphur,. with which they unite, are positive. 	Let it be 
admitted ghat tliese consequences are legitimately deduced 
&gin the galvanic experiments .of Berzelius, confirmed by 
tavy. 	Oxygen and chlorine are capable of uniting and of 
forming permanent compounds. 	This I consider as incon- 
sistent with Berzeli us's doctrine of chemical affinity; taken in 
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Book I. 
Division I. 

its broadest extent. -  The reason. of the union, he says, ist? 
that the oxygen is much more intensely negative t-l-Qm tk---- 
chlorine. 	But if negative electricity be a peculil.tr fluid, the 
particles of which repel each other, I do not see how bodies 
charged with it can unite; or at any rate, the union destroys 
the hypothesis that chemical affinity depends upon the 
different electrical states .of bodies. 	The subject will require 
a much closer examination than it has hitherto met with, 
before the theory of Berzelins •can be either adopted- or 
.rejected. 

CHAP. III. 

OF ELECTRICITY. 

IF we rub a piece of sealing wax or a glass tube with a 
woollen cloth, or the fur from the back of a cat, and then 
bring into its neighbOurhood very small fragments of paper, 
or the down of feathers, we shall find that these minute bo-
dies will be attracted by it, will adhere for some time to its 
surface, and then be again repelled. 	This property, Which. 
certain bodies acquire by friction, was observed by the 
ancients.. Amber was the substance in which it was princi- 
pally distinguished. 	Now the Greek name for amber is 

Origin of eXaipov. 	On that account the property received the name of 
the term. electricity. 	Several other bodies were observed to possess 
History. electrical properties by Gilbert and Boyle. 	But Mr. Ste. 

phen Grey, of the Royal Society of London, was probably 
the first person who made the subject it serious and cond. 
nue& study. 	He began his electrical experiments in the 

• year 1720, and continued them till the period of his death 
in 1736, 	He found that certain bodies could be rendered 
electric by friction while others could net. 	Glass, resin, 
sulphur, silk, wool, hair, paper, &c. belong to the first class 
of bodies; metals, and most liquids, to the second. , When a 
glais tube is excited (the name by which the. -lectric state is 
denoted by electricians) by friction, if it be brou'Pt within 
a certain distance of a metallic rod, however long, the read 
acquires the property of attracting light bodies, provided It 
be suspended by silk threads or hair; but not if it be 
suspended by linen or metal, 	He found that the same WAS' 
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the case with liquids. 	But glass, resin, and the other bodies Chap. III. 
•-pable of being excited by friction, do not acquire this 

property when placed near a body in an electric state. 
1 /4"—Nr"d.  

Those bodies capable of being excited by friction, Mr. Gray 
called electrics, the others were non-electrics. 	These bodies 
which become electric by being placed in the neighbourhood 
of an excited body, be called conductors; those which do 
not, he called non-conductors. 	The electrics he found were 
all non-conductors; while the non-electrics were all conductors. 
The electrics or non-conductors must be employed to sus-
pefaVw insulate metals when they are to receive and retain 
electricity : the conductors or non-electrics will not answer 
that purpose. 

M. Dufay, a French philosopher of considerable celebrity, 
turned his attention to electricity, seemingly in consequence 
of the experiments of Gray; and in the year 1734 published 
a paper in the Philosophical Transactions '',1: containing two 
capital discoveries ; the second of which may be considered 
as constituting the foundation stone uf the science of elec- 
tricity. 	1. When an excited body is placed in the neighr  
bourhood of a light body in its natural state, it attracts the 
body, and continues to attract it till it has acquired a state 
of excitement. 	It then repels it. 	As soon as the light 
body has lost its electricity by coming in contact with some 
body in its natural state, it is again attracted, and becoming 
a second time electric, is repelled as before. 	So that excited 
bodies attract bodies in their natural state, but repel them 
when excited. 	2. There are two kinds of electricity; the 
first belonging to glass,. rock crystal, precious stones, hair, 
and wool ; the second to amber, copal, lac, silk, thread, 
paper, resins, &c. 	The first kind he called vitreous electri- 
city, the second resinous electricity. 	When bodies possess 
the same kind of electricity, they repel each other; when 
they possess different kinds of electricity, they attract each 
other. 

These discoveries excited the universal attention of phi- 
losophers. 	The science was cultivated with assiduity in 
every ptvit:ot iilurope, and likewise in America, and has 
Len gradually brought to its present state. 	The two most 
distinguished electricians after the two that have been men- 

* Phil. Trans. vol. xxxviii. p. 258. 	He published eight dissertations 
en electricity, in the Memoirs of the French Academy of Sciences. 

   
  



168 IMPONDERABLE BODIES. 

Book t. tioned, are, perhaps, Franklin and Volta. 	The first disco- 
Divisi°n  I- ,—..v .., vered the identity of thunder and electricity, and con-trim"-  

an ingenious theory, which united all the facts, and affbrded 
a plausible explanation of the phenomena. 	The second 
discovered that conductors when brought in contact acquire 
different electric states, and was led by this discovery to 
contrive the Voltaic pile, which has been so important an 
instrument of investigation in the hands of chemists. 	Elec- 
tricity contains so vast a collection of facts, that it would be. 
impossible to detail them in the present work; and even if 
it were possible it would be improper, because the w•-_,iter 
part of them have no connection with the science of che- 
mistry. 	I. propose, hereafter, 	to treat of the science of 
electricity. in a separate work. 	At present I shall merely 
give such a sketch of the theory as will enable the reader to 
appreciate the electrical experiments which now constitute 
an indispensable part of every system of chemistry. 

Two elec- 
tric fluids;, 

1. Electricity may be conceived to be produced by the 
agency of a subtile fluid, of such a nature that no quantity 
of it 	we can accumulate in bodies is capable of pro- 
ducing any perceptible effect upon the most delicate balance. 
The electric fluid then, supposing it to exist, is impon- 
derable. 	Dufay's original opinion that there exist two 
kinds of electric fluids, 	the vitreous and resinous, 	seems 
to me to correspond better with all the phenomena, and 
to lead to fewer perplexing consequences than the theory 
afterwards substituted for it by Dr. Franklin. 	According 
to him bodies may be excited two ways, either by adding to 
them a superabundant quantity of electricity, or by depriv-
ing them of a portion of what they naturally contain. 
When in the first state, he said that they were electrified 
positively or plus; when in the second state, he said that 
they were electrified negatively or minus. 	When they con- 
tain their usual quantity of the fluid they exhibit no signs 
of electricity, in that case they are said to be neutral. 

vitreous, 
and 

Franklin's positive electricity is the same with the vitreous 
electricity of Dufay ; while his negative electricity is the 

Resinous. resinous electricity of Dufay. 	This theory df 1 ra..7,41in was 
put into a mathematical dress by Epinus and Cavendish, 
and has been almost universally adopted both in Great 
Britain and on the continent. 	But the recent discoveries 
made in the science, by the invention of the Voltaic pile, 
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kern to me to agree much better with the theory of Dufity Chap. III. 
'fan with that of Franklin; I shall therefore adopt it in . preference-in the present sketch. 

2. From the experiments of Coulomb we are entitled 

--'\e"—'- 

Attraction 
to infer that the vitreous electricity attracts the resinous and rep

l
ub. 

with a force inversely as the square of the distance. 	But  
the particles of the vitreous electricity repel each other with 
a force inversely as the square of the distance, and the same 
law holds with the particles of the resinous electricity. 

3. When the two electricities are combined together they 
n'e4.:-ulize each other, and in that case the body containing 
them exhibits no sign of electricity. 	But when the two 
electricities are separated from each other, and accumu-
lated either -in different bodies or in different parts of' the 
same body, 	in such cases, the 	bodies so circumstanced 
exhibit signs of electricity, by attracting or repelling light 
bodies, and are then said to be in a state of excitement. 

4. Through some substances the electric fluids are capa- 

sion ash . 

Conductors 
ble of passing with great facility; while through other 
bodies they pass with considerable difficulty or not at all. 

conductors. 

The first set of bodies are called conductors, the second 
non-conductors. 

All metals are conductors; Rio is charcoal, and plumbago, 
and. most liquids. . Glass, resins, sulphur, diamond, phos- 
phorus, 	precious stones, 	silk, 	hair, 	wool, 	are non-con- 
ductors. 

5. When two bodies are rubbed against each other, the 
two . electricities are separated from each other by the fric- 
tion; one of them is accumulated in one of the bodies, and 
the other in the other. 	Hence both bodies become excited, 
the one possessing vitreous and the other resinous electri- 
city. 	If the bodies be conductors, this state cannot con- 
tinue for an instant, unless they be insulated; but if the 
bodies be non-conductors the state possesses some perma- 
nence. 	Hence non-conductors alone in ordinary cases can 
be excited. 	It is on this account that they have received 
the name of electrics. 	When the substances contained in 
the foll4Witig '.Zable are rubbed against each other, the one 

Excite., 
me"t- 

. thutt stands first in the list acquires the vitreous electricity, 
and the one that follows it acquires the resinous electricity. 
Thus the fur of a cat becomes, vitreously electric against 
whatever substance it is rubbed, while rough glass becomes 
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Book I. resinously electric when rubbed against any body in the 
Division 1. table, except sulphur. 	Feathers when rubbed against woo? 
*---v—d  become resinously electric; 	but they become ..vitreously 

electric when rubbed against wood. 

Etectrics. The fur of a cat. 	Paper. 
Polished glass. 	Silk. 
Woolen cloth. 	Lac. 
Feathers. 	 Rough glass. 
Wood. 	 Sulphur. 

6. The electricities when separated from each t,;,:,enttIC 
capable of moving through conductors with inconceivable 
velocity. 	It appears from the experiments of Sir William 
Watson, and the other members of the Royal Society, 
who accompanied him, that the charge of a leyden phial 
passed through a metallic wire several miles in length, 
(12276 feet) with a degree of velocity so great, that no per-
ceptible time was seen to elapse between completing the 
circuit and receiving tke shock.* 	Mr. Cavendish however 
ascertained that iron wire conducts 400 million of times 
better than pure water ; that sea water containing one 
thirtieth of salt conducts 100 times better than pure water, 
and that a saturated solution of salt conducts 720 times 
better than pure water.- 	The following table exhibits a 
list of the different conductors, arranged according to their 
goodness, as far as that has been ascertained. 	The higher 
in the table the substance occurs, the better a conductor 
it is. l  

Conduc- Gold. 	 Hot water. 
tors. Silver. 	 Cold water. 

Copper. 	Liquids;  excepting oils. 
Brass. 	 Red-hot glass. 
Platinum. 	Melted resin. 
Iron. 	 Flame. 
Tin. 	 Ice, not too cold. 
Mercury. 	Metalline salts, 
Lead. 	 Salts in general. 
Other metals. 	Animal fluids. 	' 
Metallic ores. 	Acids. 
Charcoal. 	Saline solutions. 

• Phil. Trans. 1748, p. 49, and 491. 	f Ibid. 1776, p. 196. 
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Earths and soft stones. 	. 	Steam or vapour. Chap. III. 
Glass filled with boiling water. 	An imperfect vacuum. 1 /4"--v—d  
•Smoice.. 	 Hot air. 
7. In what way the electric fluids are retained in bodies 

has not been yet made out in a satisfactory manner. 	But 
the air, which is itself a non-conductor, seems to be a 
principal agent. 	At least it is known that bodies cannot 
be excited in vacuo, the electricity making its escape as soon 
as evolved. 
... j3. The electric fluid appears to spread itself over the 

nv 	 • surface of bodies. • For the quantity which can be accu- 
mulated in a body is always proportional to its surface. 	If 
a hollow metallic sphere and a solid metallic sphere of the 
same diameter be both equally charged with electricity, the 
quantity accumulated in the hollow sphere will be just as 
great as that accumulated in the solid sphere. 	M. Poisson* 
has lately reduced to calculation the manner in which elec- 
tricity is distributed on the surface of bodies. 	If the body 
electrified be a sphere, the fluid will be of an equal thick- 
ness over every part of the surface. 	If the body be an 
ellipsoid, the electricity will be thickest at the extremities 
of the larger axis, and thinnest at the extremities of the 
smaller axis. 	The whole fluid will assume the form of an 
ellipsoidal shell, regulated by these laws. 	In every case 
the exterior surface of the electric fluid is the same with 
that of the body ; the problem is always reduced to find- 
ing the form of the interior surface. 	If two excited spheres 
be in . contact, the point of contact is neutral, and the 
greatest quantity of electricity is accumulated in each sphere 
at the point which is farthest remote from the point of con- 
tact. 	The quantity of electricity in each increases from 
the point of contact to the,maxiinum point, according to 
laws which depend upon the relative diameters of the two 
spheres, and which have been determined by M. Poisson 
in a variety of cases. 	Thus in the case of two spheres, the 
diameter of the first of which was to that of the second 
as 1 to 2.'  1;1- relative thickness of the electricities at the 
fOln-

.  .i 	's • 
-,fg points from the place of contact was as follows. 

Distribu-
Iii.Z.f.elec- 

. 

Mr 	 Insensible. 
60 	 0'5563 
90 	 1'0000 

180  	1'3535, 
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Book 1. When the conducting body, in which electricity is accumu- 
Division I. . ..-...,,—.../ lated, 	terminates in a sharp point, the accumuhition 6: , electricity at the point is much greater than if the extre- 

mity were hemispherical. Hence the reason why a pointed 
body discharges electricity more readily than a rounded 
body. 	Hence the superior advantage of points at the ex- 
tremity of thunder rods. 

8. If an insulated plate of zinc be placed upon an insu-
lated plate of copper, and then withdrawn, if we examine 
the state of the electricity of each by means of Volta's conr  
denser, we shall find that both are in a state of exclifit, 
and that the electricity of the zinc is vitreous, and that of 

Origin of the copper resinous. 	This fact was discovered by Volta 
galvanism. 

Galvanic 

when he repeated the experiments of Galvani on frogs, 
about the year 1791, and it induced him to conclude, that 
what Galvani termed animal electricity, was brought about 
by-the agency of common electricity. 	Galvani found out 
by accident that if the crural nerve and the muscles of the 
leg of a frog be laid bare, if we place a piece of zinc upon 
the nerve, and a piece of copper upon the muscle, and 
while the two pieces of metal are in this position make 
them touch each other, the leg of the frog is immediately 
thrown into violent convulsions. 	Galvani conceived that 
the convulsions were produced by means of a fluid, which 
he called animal 	electricity, 	which in his opinion was 
lodged in the nerve and conveyed to the muscleg by means 
of the metals. 	Volta ascribed them to the electricity 
evolved by the contact of the two metals, and which, though 
small, was sufficient to produce sensible effects upon organs 
of so delicate a nature. 	After meditating upon the subject 
for about nine years, he discovered that if about 40 or 50 
pieces. of zinc, and as many of copper be procured, each 
about the size of a half-crown Oiece, together with as many 
round pieces of cloth impregnated with a saturated solution 
of common salt, and if these be piled up upon each other 
in the following order,  
1. A zinc plate. 	4. A zinc plate. 	7. A- Line -11„qe.._ 

pile. 2. A copper plate. 	5. A copper plate. 	8. A copper plate. 
S. A piece of eoth. 6. A piece of cloth. 9. A piece of cloth. 

in this way you proceed till all the plates have been piled 
up in order with a piece of cloth between each pair. 	The 
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cloth should be of a. somewhat smaller diameter than the Chap. III. 
='"Ietallic plates, and care should be taken not to soak it with "--v----1  
Kr much of the liqUid that any of it will be squeezed out by 
the weight of the plates placed above it. 	If each pair of zinc 
and copper plates be soldered together so much the better. 
Care must be taken (supposing them soldered) that the 
plates be so placed in the pile, that the same metal is always 
undermost in each pair. 	Volta discovered that a pile, con- 
structed in this way, furnishes a continued stream of elec- 
tricity for a considerable time. 	He published a description 
tYri::!;c716e%ir apparatus in the Philosophical Transactions for 
1800. 	It became immediately celebrated in every part of 
Europe under the name of the Galvanic or Voltaic pile. Mr. 
Cruickshanks, of Woolwich, soon after substituted a trough 
of wood for the pile. 	It was made water tight, and covered 
within with pitch; and the pairs of plates; previously soldered 
together, were cemented at small distances from each other, 
so 	as to leave a cell between each. 	These cells were 
filled•with water holding some salt in solution, or impreg-
nated with about a thirtieth part of its weight of sulphuric, 
nitric, or muriatic acids. 

More lately an improvement has been introduced into 
these troughs, which adds considerably to the convenience 
of the experimenter, and at the same time increases the 
energy of the apparatus. 	The troughs are made of stone- 
ware, with a sufficient number of stoneware diaphragms, 
dividing them into the requisite number of cells. 	The me- 
tallic plates are square, and a slip of metal of the shape of 
the letter U is made to join each pair,. by one end being 
soldered to the extremity of a zinc plate, and the other end 
to the extremity of a copper plate. 	One of these plates is 
dipped into one cell, and the other into the contiguous cell, 
while the metallic slip that unites them passes over the dia- 
phragm that divides the two cells. 	All the plates thus 
unitede'  together are fixed to a metallic rod above, so that 
they mai-be lifted out of the trough altogether, either by 
the hand, or, if too heavy for the hand, by means of a pully 
properly/ pitceLl for the purpose. 	This structure will be 
understood by inspecting the following figure. 

Trough. 
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Division L 
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, 

A 6111MY4  

Volta of metal about at first constructed his piles of pieces 
the size of half crowns ; but it was afterwards ascertained, 
that the energy of the pile, at least as far as chemical phe- 
nomena are concerned; increases in proportion to the size of 
the pieces. 	At present they are usually made of a diameter 
amounting to 4, 6, or 8 inches. 	Indeed, Mr. Children con- 
structed one, each plate of which was 6 feet long and about 
4 broad. Several of these troughs are often joined together 
in experiment. 	The apparatus is then called a Galvanic or 
Voltaic battery. 

Properties 	Suppose a pile constructed according to Volta's method. 
of the pile. If a condenser be applied to that end of it in which the zinc 

plate is, we shall find that it is charged with vitreous elec- 
tricity. By the same method we shall find that the elec- 
tricity of the copper end is resinous. 	If we moisten our fin- 
gers, and apply those of one hand to the zinc end of the 
pile, upon touching the copper end with the other hand, we 
receive a shock, the violence of which is always propor- 
tional to the number of pairs of plates in the pile. 	When 
they amount to several hundreds, the shock is so violent as 
to be painful. 	Even in that case, if three or four people 
take hold of each other's hands, and form a chain, and if the 
two persons at the extremities touch each ai.< eno-akthe pile, 
they alone feel the shock, while the intermediate persons 
are sensible o‘nothing. 	When one person touches the two 
ends of the pile with his two hands, he feels the shock much 
more violently in his arms than in any other part of his 
body. 
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If a wire of gold or platinum be fixed to each extremity Chap. I11. 
,A- f the pile, and the other extremity be introduced into a %—Thr--)  
glass containing water, and so placed that the ends of the 
wires approach near each other, but do not touch, a stream 
of gas will be perceived to flow from each wire, and the gas 
from the wire, proceeding from the negative or resinous end 
of the pile, is twice as great as that proceeding from the other 
wire. 	If these gaSes be collected in separate vessels, it will 
be found that the gas proceeding from the negative wire is 
hydrogen, and the gas from the positive wire oxygen, ex,  
aia:ky 4-y: .iie proportion that they exist in water. • Hence it 
is inferred that they are produced by the decomposition of 
the water. 	This important fact was first observed by 

Chemical . - 
decomposi- 
ti

e
o
c
n
o
s  tions. 

Messrs. Nicholion and Carlisle. 
It was soon after observed, that the galvanic pile is ca-

pable of decomposing many other substances besides water. 
Ammonia, sulphuric acid, nitric acid, and different metalline 
salts were subjected to its action, and decomposed in a si- 
milar way. 	When the wires proceeding from the two poles 
of the pile are of iron, copper, or any other metal except 
platinum or gold, hydrogen gas proceeds as usual from 
the negative wire, but no gas is extricated from the positive 
wire, the wire however is speedily encrusted with a coat of 
oxide. 	It is easy to see what happens in this case, the 
oxygen instead of being_ extricated, combines with the wire, 
and converts it into an oxide.  

About the.  year 1803, a capital discovery, respecting the Law of Ber- 
action of the galvanic battery in decomposing bpdies, was  
made by Berzelius and Hisinger.* 	They tried its effect 
upon a great variety of salts and other compound bodies, 
and found that when they were decomposed, they observed 
the following law : Oxygen and acids are accumulated round 
the positive pole ; while hydrogen, alkalies, earths, and metals, 
are accumulated round the negative pole. 	Acids and bases 
may be made to pass through a considerable. column of 
water, and even to cross each other, in order to accuinula‘te 
round the poles to which they are respectively attracted. 

1' • 
'it  lite paper containing these experiments was first published hy 

zelius. 

• Gehlen in 1803, under the following tide; Versuche, betreffend die 
wirkung der electrischen Siiule ad Salze and auf einige von ihren Basen. 
Gehlen's Neues Allgetneines Journal der Chetnie, i. 115. 	It was after- 
wards published in Swedish by Berzelius himself, in the first volume of 

le Afhandlingar, printed at Stockholm in 1806. 
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Book J. From this general law, Berzelius deduced as a conseqnene 3, 
Division I.  ......„—.. that the decompositions were owing to the attractions ex,-

isting between the bodies and the respective electlicitizi. 
He afterwards generalized the subject still farther, or. rather 
he adopted the opinion advanced by Sir Humphry Davy, 
that chemical affinity is identical with electrical attractions; 
that bodies which unite chemically possess different kinds - 
of electricity ; that oxygen rind-acids are always resinously 
electric, while hydrogen, alkalies, earths, and metals, are 
always vitreously electric. 	Hence the reason, why the one 
set is attracted by the negative pole and the otht..1-1_1y--,ne 
positive. 

Discoveries Sir Humphry Davy took up the subject where Berze- 
of Davy. lius and Hisinger laid it clown. 	His celebrated dissertation 

for which Bonaparte's galvanic prize was awarded to him, 
contains merely a verification of the maw discovered by Ber- 
zelius and. Hisinger. 	He afterwards went a step farther. 
According to him bodies continue united, because they are 
in different electrical states. 	if we can bring them into a 
similar state by making them both positive, or both nega-
tive, they will repel each other, and of course be decom- 
posed. 	The galvanic battery produces this effect, if it be 
sufficiently powerful. 	Hence in his opinion, we have only 
to expose any compound whatever to the action of a suffi-
ciently powerful galvanic battery, and it will be decomposed. 
He applied this theory to the decomposition of the fixed 
alkalies, and succeeded, showing them to be compounds of 
oxygen and a metallic basis. 	He tried the earths by the • same means. 	Some gave traces of decomposition, while 
others resisted the most powerful battery which it was in his 
power to apply. 

The preceding short sketch will enable. the reader to un-
derstand the galvanic experiments, when I have occasion to 
-introduce them in the subsequent parts of this work. 	I shall 
not enter here into any theory of the pile, nor discuss the res-
pective opinions on the subject advanced by Volta and Ber-
zelius, neither shall I describe the electric column 'of Deltic 
and Zamboni, nor the secondary piles of ,Itiftei,.., These 
and many other topics will find their place in another work, 
which I intend to publish hereafter on Electricity and- Gal- 
vanism. 	In the present work, I think, they would be im- 
properly introduced, as they would divert our attention too 
long from the proper phenomena of chemistry. 
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DIVISION II. 

OF PONDERABLE BODIES. 

. THE ponderable bodies at present known amount to 49. 
They may be arranged under the three following heads. 

1. Supporters of combustion, 	3. Combustibles. 
2. Incombustibles, 

'f if. -cr.,: classes of bodies will be treated of in their order 
in the three following chapters. 

CHAP. I. 

. OF SIMPLE SUPPORTERS OF COMBUSTION: 

THE term supporter of combustion I apply to those sub- Chap. r. 
stances which must be present before combustible bodies `-'- ve' 
will burn. 	Thus a candle will not burn unless it be sup- 
plied with a sufficient quantity of common air. 	Common 
air, then, is a supporter of combustion. 	But we are ac- 
quainted with several other substances besides cone non air 
which answer the same purpose, and the term supporter is 
applied to them all. 	By simple supporters we understand 
such of those bodies as have hot hitherto been decom-
pounded. 

Definition. 

We are at present acquainted with three supporters of 
combustion that have not hitherto been decomposed. 	The 
existence of a fourth has beer„ suspected by M. Ampere, 
and its existence rendered probable by the ingenuity of Sir 

• 

Humphry Davy. 	These four bodies have been distin- 
guished by the following names. 	• 

1. Oxygen, 	 3. Iodine, 
2. Chlcrine, 	 4. Fluorine. 

• They act so important a part in chemistry, that it is pro- 
per to become acquainted with them as early as possible. 

. I shall treat of them in order in the four following sections. 
VOL. I. 
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Book I. 
Division II. 
,..—„,—.0 

SECT. I. 

OF OXYGEN. 

OXYGEN may be obtained by the following process : 

A. 
) 

a- ii  
j A 

III 
mu Iliv,75M 

1107 Hi a 	
sil i 	m  all 1 !if 	, 

"Pt72 "in.41'?_ L  
1,  lo in 

IM 
11 itin ill_ 

Method of Procure an iron bottle of the shape A, and capable of 
procuring 
oxygen. holding rather more than an English pint. 	To the mouth 

of this bottle an iron tube bent like B, is to be fitted by 
grinding. 	A gun barrel deprived 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 all sides 
with burning coals. 	The extremity of the tube must be 
plunged under the surface of the water with which the vessel 
C is filled. 	This vessel may be of wood or of japanned tin 
plate. 	It has a wooden shelf running alona

e' 
 two of its sides, 

about three inches below the top, and an inch under the sur- 
face of the water. 	In one part of this shelf there is a slit, 
into which the extremity of the iron tube plunges. 	The 
heat of the fire expels the g, eatest part of the air contained 
in the bottle. 	It may be perceived bubbling up through 
the water of the vessel C 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 altogether. 
Meanwhile the bottle is becoming gradually hotter. 	When 

* 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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it is obscurely red the air bubbles make their appearance Chap. I. 

itin, and become more abundant as the heat increases. Th,e''''" 
14v4.sigrial for placing the glass jar D, open at the 

lower extremity, previously filled with water, so as to be 
exactly over the open end of the gun-barrel. 	The air bub- 
bles ascend to the top of the glass jar D, and gradually dis- 
place 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 following manner : slide it away a little from the gun- 
barrel, and then dipping any flat dish into the water below 
it, Iriv ..i 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 (see E.) 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 proper- 
ties from the air of the atmosphere, have, in order to dis- 
tinguish them from it, been called gases; and this name we 
shall afterwards employ.t 

Oxygen gas may be obtained likewise by the following 
process: 

D represents a wooden 
trough, the inside of which 
is lined with lead or tinned i 	''.' 1 

- --.. Another 
method. 

djrcl; I.11, 11-1 0 	!I'.  
'1. 	• 0 	1 li - ‘ copper. 	C is the cavity of 

the trough, which ought to 
be a foot deep. 	It is to be 
filled with water at least an 
inch about the shelf AB, 
which runs along the inside 
of it, about three inches from 
the top. 	In the body of the 

i ll ,  - %olio lik,  1 

II 
ii iii 

iili 
i 

-,. 

1 

al For a more exact description of this and similar apparatus, the 
reader is referred to Lavoisier's Elements of Chemistry, and Priestley on 
Airs, and above all to Mr. Watt's description of a pneumatic apparatus)  
in Beddoes' Cons&erations on Factitious Airs. 

t The word gas was first introduced into chemistry by Van Helmont. 
lie seems to have intended to denote by it every thing which is driven 

2 
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Book I. 	trough, which may be called the cistern, the jars destined 1 

Division II. hold gas are to be filled with water, and then to be lifts  
"—v.-1  and placed inverted upon the shelf at B. 	Th.js_...V.:oi.4'

which was invented by Dr. Priestley, has been called by the 
French chemists the pneumatieo-chemical, or simply pneu-
matic apparatus, and is extremely useful in all experiments 
in which gases are concerned. 	Into the glass vessel E put 
a quantity of the black oxide of manganese in powder, and 
pour over it as much of that liquid which in commerce is 
called oil of vitriol, and in chemistry sulphuric acid, as is 
sufficient to form the whole into a thin paste. 	Ttl..1,:i,r,-Airt 
into the mouth of the vessel the glass tube F, so closely that 
no air can escape except through the tube. 	This may be 
done either by grinding, 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 eggs 
and 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 be- 
ing fixed in that situation, the glass vessel E is to be heated 
by means of a 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 to another part of the shelf, and 

off from bodies in the state of vapour by heat. 	He divides gases into five 
classes. 	" Nescivit, inquam,schola Galenica hactenus differentiath inter 
gas ventosum (quad mere aee est, id cst, ventus per syderum bias corn-
inotps), gas pingue; gas siccum, quad sublimatum dicitur ; gas fuligino-
sum, sive endimicum ; et gas sylvestre, sive incoercibile, quod in corpus 
cogi non potest visibile." Van Helmont de Flatibus, § 4. 111acquer seems 
to have introduced the word into the language of modern chemistry. 

*1 This process, by which the joinings of vessels are made air-tight, is 
called luting, and the substances red for that purpose are called lutes. 
The lute most commonly used by chemists, when the vessels are exposed 
to heat, i: fat lute, made by beating together in a mortar fine clay and 
boiled linseed oil. 	Bees wax, melted with about one-eighth part of tur- 
pentine, answers very well, when the vessels are nut exposed to heat. 
The accuracy of chemical experiments depends almost entirety in many 
cases upon securing the joinings properly with luting. 	The operation is 
always 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. 1. In many cases luting maybe avoided 
altogether by using glass-vessels properly fitted to each other by grinding 
them with emery. 
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lt li th jars substituted in its place, •till as much gas has been 	Chap. I. 
A 	 `The" ,'n led as is wanted. 	The last of these methods of obtain- 	--1  

-1.--- 4-4‘v..t-ta„gas was discovered by Scheele,4  the first by 
Dr. Priestley.t 	 . 

The gas which we have obtained by the above processes Discovered 
was discovered by Dr. Priestley on the 1st of August 1774, abnydPsrcibesetelie/  
and called by him dcphloaisticated air. 	Mr. Scheele of 
Sweeden discovered it before 1777, without any previous 
knowledge of what Dr. Priestley had done; he gave it the 
name of empyreal ail-4 	Condorcet gave it first the name of 
vita/ 1:::, 	and Mr. Lavoisier afterwards called it oxygen 
gas ; a name which is now generally received, and which we 
shall adopt. 

1. Oxygen gas is colourless, and invisible like common Properties 
air. 	Like it, too, it is elastic, and capable of indefinite ex- 	of oxygen. 
pansion and compression. 	It has no perceptible taste, and 
when pure is destitute of smell. 	 . 

2. Oxygen gas is somewhat heavier than common air. Sp. gravity, 
If we reckon the specific gravity of common air 1.000, 
then the specific gravity of oxygen gas, according to differ-
ent experimenters, is as follows, 

1'103 Kirwan.§ 
1'111 Saussure.II 	• 

1'1088 Allen and Pepys.¶ 
The mean of these experiments gives us 1'1088, which is 
Certainly very near the truth. 	I am disposed to consider 
the specific gravity deduced by Dr. Pro u t, from considerations 
which I cannot explain here, as in all probability still more 
correct, namely, 1.1111." 	On that supposition 100 cubic 
inches of this gas at the temperature of GO°, and when the 
barometer stands at 30 inches, will weigh 33'888 grains. 
At the same temperature, and luider the same pressure, 100 
cubic inches of common air will weigh 30'5 grains. -h- 

* On Air and Fire, p. 43. Engl..Trans. 	f Priestley on Air, ii. 154. 
/ Scheele on Air and Fire, p. 34. Eng. Trans. 
§ On phlogiston, p. 25. Lavoisier, Biot, and Arago, give the same 

Specific gravity. 
II Ann. do Chim. lxxi. 260. 

• ¶ On the quantity of carbon in carbonic acid. 	Phil. Trans. 1807. 
** Annals of Philosophy, vi. 322. 
ft This determination results from the experiments of Sir George 

Stuckburgh, which appear to have been made with great precision. 
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Book I. s. If a lighted taper be let down into a phial fillePd'.' 
Division II. oxygen gas, it burns with such splendour that the airiN 

i".• scarcely bear the glare of light, and at the saine---eiW,2 	o. ‘."--v—i  Supports 
flame, duces a much greater heat than when burning in common 

air. 	It is well known that a candle put into a well-closed 
jar filled with common air is extinguished in a few seconds. 
This is the case also with a candle inclosed in oxygen gas ; 
but it burns much longer in an equal quantity of that gas 
than of common air. 

And life. 4. It was proved long ago by Boyle, that animals cannot 
live without air, and by Mayow that they cann'ot•eathe 
the same air for any length of time without suffocation. 

. 
Dr. Priestly and several other philosophers 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 after another, in a glass bell 
filled with common air, and inverted over water. 

: 	 H. 	M. 
The first sparrow lived 	  3 	0 	• 
The second 	  0 	3 
The third 	  0 	1 

He filled the same glass with oxygen gas, and repeated 
the experiment. 

N. M. 
The first sparrow lived 	 5 	23 
The second 	  2 	10 
The third 	  1 	30 
The fourth   1 	10 
The fifth 	  0 	30 
The sixth   0 	47 
The seventh 	  0 	27 
The eighth    o • 30 
The ninth 	  0 	22 

The tenth 	  0 	21 

He then put in two together ; the one died in 2o.  minutes, 
but the other lived an hour longer. 	. 

Exists in 5. It has been ascertained by experiments, which shall be 
the atmos- 
phere. 

afterwards related, that the atmospherical air contains 21 
parts in the hundred (m bulk) of oxygen gas ; and that no 
substance will burn in common air previously deprived of 
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it l' the oxygen gas which it contains. 	But combustibles 	Chap. I. 

`.--Ne---1 '44.,  n with great splendour in oxygen gas, or in other gases 
..4.1., 

 . 

'cliPtxygen has been added. 
6. It has been proved also, by many experiments, 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 respiration. 

7. When substances are burnt in oxygen 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 carbonic acid gas. 	The oxygen in this case combines 
with the combustible body. 	The new compound formed is 
called an oxide, or sometimes an acid. 	Exactly the same 
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. 

8. Oxygen gas is not sensibly absorbed by water, though Combing, 
jarfuls of it be left in contact with that liquid. 	It has been 	=7.ich 
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 imbine 3.55 inches of oxygen gas.* 	Saussure found 
that water, in the same circumstances, absorbs 6•5 cubic 
inches of this gas.t 	But Mr. Dalton has rendered it pro- 
bable that Saussure's estimate is considerably above the 
truth.t 	

• 
• Phil. Trans. 1803, p. 174. 	' $ Annals of Philosophy, vi. 340. 
t Annals of Philosophy, vii. 218. 
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Book T. SECT. II. 
Division II. 
"V  ""d OF CHLORINE. 

Tonnation. CHLORINE may be obtained by ' the following method. 
Put into a small glass retort a 
quantity of the black oxide of man- 
ganese in powder, and pour over 	, 
it as much of the common mu- 
riatic acid of the shops as will 	 1, ,,l ,„, ji  
make the whole into a very' thin 
paste. 	Then plunge the beak of the retort into the water 
trough, and place over it a stout glass phial gapable of 
holding about a quart, previously filled with water. 	Apply 
the heat of a lamp to the bottom of the retort. 	A gas is 
extricated which enters into the mouth of the inverted 
phial, displaces 	the water and fills it. 	As soon as, the 
phial is full it is to be withdrawn and its mouth careftilly 
stopped with a glass stopper, accurately ground so as to fit, 
and which must be previously provided. 	Other, phials 
may be then substituted and filled in succession till the 
requisite quantity of gas is obtained. 	This gas is chlorine. 

History. This substance was discovered by Mr. Scheele and an ac-
count of it published by him in the Memoirs of the Swedish 
Academy of Sciences, for 1711, in his celebrated paper on 
manganese, which 	bad occupied him for three, years.* 
He gave it the name of dephlogisticated muriatic acid, con- 
sidering it as muriatic acid deprived of phlogiston. 	Ber- 
thollet made a set of experiments on it, about the. year 
1785, which were published in the Memoirs of the French 
Academy of Sciences. 	He considered himself to have 
proved that it is a compound,of muriatic acid and oxygen ; 
an opinion whi& was soon after adopted by the chemical 
world in general. 	On that account it received the name 
of oxygenized muriatic acid, which was afterwards contracted 
by Mr. Kirwan to oxymuriatic acid. 	The experiments of 
Scheele and Berthollet were repeated and varied by all the 
eminent chemists of the time. 	But the first great addition to 
the discoveries of these philosophers was made by Gay- 
Lussac and Thenard, and published by them, in 1811, in 

• Memoires de Chyinie de M. C, W. Scheele, i. 67. 
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itn.ie second v lume of their Recherches Physico-chentique, p. Chap. I. 
!. 	They showed that the opinion that oxymuriatic acid ") 

1-1 .41t.'alkylc? oxygen might be supported. 	But at the same 
time assigned their reasons for considering the old opinion 
as well founded. 	An abstract of these important experi- 
ments had been publiShed however in 1809.* 	These expe- 
riments drew the attention of Sir Humphry Davy to the 
subject, and he soon after communicated a paper to the 
loyal Society to show that no oxygen gas could be sepa-
rated from oxymuriatic acid, nor any proof prottuced that 
it contained oxygen. 	This paper was published in the 
Philosophic, t Transactions for 18104 	This was speedily 
followed by another paper upon the same subject. t 	He 
drew as a conclusion that oxymuriatic acid is an undecom-
pounded substance ; on that account he applied to it the 
new name chlorine, from the yellow colour which it possesses. 
At present, this name is almost generally adopted by che- 
mists. 	Few chemists were disposed at first to accede to, 
the opinion of Davy. 	But subsequent discoveries have 
greatly augmented the weight of his reasoning, and, at pre-
sent, his view of the subject is almost universally adopted. 
Chlerine possesses the following properties. 

1. It is a gaseous body and possesses the mechanical pro- 
perties of common air. 	Its colour is greenish yellow. 	Its 
odour is exceedingly strong and suffocating, exactly similar 
to that of aqua regia, or the well known mixture of nitric 
and muriatic acid. 	When a person is obliged 'to inspire 
the fumes of chlorine, it produces a most insufferable sensa-
tion of suffocation, occasions a violent • cough with much 
expectoration, which continues for some time, and brings on 
a very great degree of debility. 	Its taste is astringent. 

2. The specific gravity of chlorine gas, according to the 
experiments of Gay-Lussac and Thenard, is 2'4700 ;§ ac- 
cording to Davy it is 2'395. 	Dr. Prout, guided by theo- 
retic reasons, which cannot be stated here, considers 2.500 
as probably the true specific gravity, and with this opinion 

Properties. 

Sp. gravity. 

I am disposed to agree. 	In all these cases the specific gra- 
vity of air is reckoned 1.000. 	Supp4ng the true specific 

' Memoires d'A rcueil, ii. 295. 	 t P. 231. 
1 Phil. Trans. 1811, p. 1. 	§ Recherches physicachemique, ii. 125, 
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Book I. gravity to be 2.5, then 100 cubic inches ofi'lt will weig 
Division H. 
..........,,—..., .. 76.95. grains at the temperature of 60°  and when the bail: 

,  meter stands at 80 inches. 	 -41.4 - ,,':',....,  
Destroys 3. When any vegetable, blue colour, is exposed to the 
colours. action of chlorine, it is immediately destroyed and cannot 

afterwards be restored by any method whatever. 	Indeed 
chlorine possesses the property of destroying all vegetable 
colours, and of rendering coloured bodies white. 	This pro- 
perty was first observed by Scheele. 	The knowledge of it 
induced Berthollet to propose the introduction of chlorine 
into the practice of bleaching. 	This suggestion has been 
successfully adopted in Great Britain and Ireland. 	At pre- 
sent all the great bleaching works, in this country, employ 
chlorine as the grand whitening agent. 	For the first intro- 
duction of it we are indebted to Mr. Watt.* 

Supports 4. If a lighted taper be plunged into a phial filled with 
bus- 

co m chlorineit continues to burn with a low red flame, gas, chlorine  
emitting much smoke but giving out but little light. 	If a 
piece of phosphorus be  put into this gas it takes fire of its 
own accord, burning with a pale yellowish green light. 
Antimony, likewise, arsenic, zinc, iron, and several other 
metals, take fire of their own accord when plunged into 
chlorine, and burn with considerable splendour. 	During 
all these cases of combustion the quantity of chlorine dimi-
nishes, and if the portion of combustible be sufficient the 
gas disappears altogether. 	The combustible is totally altered 
in its appearance and converted into a new substance, which 
has .received the name of chloride. 	This chloride is a com- 
pound of the combustible substance and the chlorine. 

Destroys 
life. 

5. If an animal be plunged in an atmosphere of chlorine, 
so as to be obliged to breathe it in a pure state, it dies almost 
instantly. 	This gas then is incapable of supporting animal 
life. 	In this respect it differs entirely from oxygen gas. 

Absorbed 
by water. 

6. Water absorbs this gas with considerable rapidity, 
provided the gas be pure; but much more slowly when it 
is mixed with air or any other foreign gas. 	According to 
the experiments of Dalton, one volume of water at the or-
dinary temperature, and under the commoh pressure, ab- 
sorbs two volumes of chlorine gas.f 	The water acquires 

See Annals of Philosophy, viii. 1. 
f Dalton's New System of Chemistry, ii. 298. 
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itte greenish 	llow colour, the disagreeable smell, the astrin- Chap. I. 
4  i\nt taste, and the whitening qualities of the gas itself. ,- • 

.,—..,,....../ 
'-'41:. 4.,Vt‘.:in chlorine in combination with any other body 

is exposed to the action of the galvanic battery, the com-
pound' is decomposed and the chlorine is deposited at the 
positive pole, while the other substance is deposited at the 
negative pole. 	The only probable exception to this rule is 
when chlorine and oxygen are in combination ; in such a 
case it is reasonable to believe that the oxygen would be 
given off at the positive pole, and the chlorine at the nega-
tive pole, but I am not certain whether the experiment has 
been tried. At high temperatures chlorine displaces oxygen 
from its combination with many of the metals and unites 
with them itself. 

8. Chlorine gas may be exposed to a very high tempera-
ture by passing it through a white hot porcelain tube, with-
out experiencing any change. 

9. Chlorine has the property of combining with oxygen, 
and of forming four distinct substances, which have been 

Combines, 
I'dvoitshestr 

particularly examined. 	We cannot form the combination oxygen,and 
directly. 	All these compounds are obtained by means of a 
salt first prepared and described by Berthollet. 	It was 
long 	distinguished by the name of hyperarymuriate of 
potash, 	a name which has been recently changed into 
chlorate of potash. 	It is obtained by dissolving a quantity of 
the common potash of the shops in water, and causing a 
current of chlorine gas to pass through the solution as long 
as it continues to be absorbed. 	After some time flat rhom- 
boidal crystals possessing considerable lustre are deposited ; 
these crystals constitute the salt in question. 	Let us explain 
the way in which the different compounds of oxygen and 
chlorine may be obtained front. it. 

1. When this salt is put into a small glass flask and 
muriatic acid poured over it, an effervescence takes place 
and a greenish yellow gas is extricated in abundance. 	If 
the muriatic acid be diluted with water, and the quantity of 
salt with which it is mixed be considerable in proportion to 
that of the acid,-and if a very gentle heat only be employed, 

f°"ns 

i
: 
d
.

i 

 Prom;
neeo fchir,. 

 

.a gas is extricated very slowly, which may be received in 
small glass jars standing over mercury. 	After the gas has 
been prepared in this manner, it is better to allow it to 
remain for 24 hours in contact with the mercury. 	For, as 
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Book I. originally prepared, it always contains a goodittleal of ch16- 
sion ir. Divi..___ ,,,......., rine gas mixed with it, which disguises and greatly 

i ,IN• 	•:'. jures its properties. 	Mercury has the property e7.-ti-2.;.-..s- 
ing and uniting with chlorine, while it does not act upon 
the new gas. 	It therefore gradually removes the chlorine 
and leaves the new gas in a state of purity. 

The new gas prepared in the way just described was 
discovered, in 1811, by Sir Humphry Davy, who gave it 
the name of etithlorine.* 	But it will be better to distinguish 
it by the appellation of protoxide of chlorine, indicating by 
that name, that it is a compound of chlorine with the smallest 
quantity of oxygen with which it is capable of combining. 
It possesses the following properties. 

Properties. Its colour is much more intense and more yellow than 
that of chlorine. 	When contained in a small glass tube it 
still appears of a very lively yellow, whereas chlorine, in the 
same circumstances, would scarcely be visible. 

Its smell resembles that of burnt sugar, mixed, •however, 
with the odom• of chlorine. 	In all probability this last 
odour is owing to the presence of a small portion of this 
gas. 	For it is extremely difficult to free it completely from 
chlorine. 

When a moderate heat is applied to a vessel filled with 
protoxide of chlorine an explosion takes place, and the gas 
is decomposed into a mixture of chlorine and oxygen gas. 
A very gentle heat is sufficient to produce this decomposi- 
tion, sometimes even the heat of the hand will do it. 	The 
explosion is but feeble. 	According to the experiments of 
Davy, five volumes of protoxide of chlorine become six 
when decomposed, and the decomposed gas is a mixture 
of two volumes of chlorine and one volume of •oxygen.t 

compost- tion. 
Hence it is composed by weight of 

Chlorine 5'000 	 81'82 	100 	. . . .1'50 
Oxygen 	1.111 	 18'18 	 22'22 . . . .1'00 

100'00  
Now if we make 1.00 represent the weight of the smallest 

particle of oxygen which can unite with a' body, we shall 
find afterwards that the smallest quantity of chlorine that 
can combine with a body will be represented by 4'5. Hence 

• Phil. Trans. 1811, p. 155. 	t Ibid. p. 157. 
3 

   
  



CHLOItIT3E. 
	 189 

we may conckVe that protoxide of chlorine is a compound Cliap. L 
of rbne atom of chlorine and one atom of oxygen. %..--v-.....,  

....;:.,.;.t.ktctpt],le preceding data it follows that the specific gra- 
vity of protoxide of chlorine is 2.407 	supposing the specific 
gravity of air to be 1. 

This gas destroys vegetable colours, as well as chlorine; 
but it first gives blue colours a tint of red. 

Several substances, as phosphorus, take fire when they 
come in contact with protoxide of chlorine, and occasion an 
explosion. 
. Water absorbs eight times its volume of this gas and ac-

quires an orange colour, and the peculiar smell of the gas. 
2. The deutoxide of chlorine was discovered about the 2. Deutoit- 

same time by Sir Humphry Davy and Count Von Stadion,. 
of Vienna ; but Davy's account of it was published sooner 
than that of' Count Von Stadion.* 	The method of obtain- 
ing it is as follows : mix together a small quantity (not more 
than 50 grains) of chlorate of potash in powder with sul-
phuric acid, till the whole forms a-  dry paste, which will 
have an orange colour. 	Put this paste into a small glass 
retort, and plunge the belly of the retort into hot water, 
and keep it in that position for some time, taking care that 
the temperature of the water never becomes So high as 212°. 

ide o 	- rine,f Ito  

A bright yellowish green gas separates from the paste, 
which must be received in small glass jars standing over 
mercury. 	This gas constitutes the deutoxide of chlorine. 
It posseses the following properties. 

Its colour is a still brighter yellowish green than that of 
protoxide of chlorine. 	Its smell is peculiar and aromatic, 
without any mixture of the smell of chlorine. 	Water ab- 
sorbs, at least, seven times its volume of this gas. 	The 
solution is deep yellow, and has an astringent and corrosive 
taste, leavin' a disagreeable and lasting impression on the 
tongue. 	It destroys moist vegetable blues without pre- 
viously reddening them. 	It does not act upon mercury, nor 
upon any of the combustible substances, tried by Davy, 
except phosphorus ; which, when introduced into the gas 
occasions an expl•osion, and burns with great brilliancy. 

Properties. 

Davy's account is published in the Philosophical Transactions for 
1815, p. 219, Count Von Stadion's in Gilbert's Annalcu der I'hysick, Iii. 
179, published in February 1816. 
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Book I. When heated to the temperature of 21,xe it explodes 
Division II. 
..—v—.• with more violence than protoxide of chlorine, giving oikat 

much light. 	Two volumes of deutoxide of chlorifiz,...-r2ged,  
thus exploded are converted into three volumes, consisting 
of a mixture of two volumes of oxygen and one volume of 
chlorine.* 	Hence it is composed by weight of 

Composi- 
tion. 

Chlorine .. 2'5 	 52'94.... 100 .. .. 4'50 
Oxygen ... 2'222 	 47'06 .... 	88.88 . 4.00 

100'00 
Now as the weight of an atom of chlorine was represented 
by 4'5, and that of an atom of oxygen by one, we see from 
the last column of the preceding table that the deutoxide of 
chlorine is composed of one atom of chlorine combined 
with four atoms of oxygen:I- 

From the preceding data it is obvious that the specific 
gravity of deutoxide of chlorine must be 2'3612  supposing 
that of common air to be P00.  

S. Chloric-  
acid. 

3. The third compound of chlorine and oxygen is called 
chiorio acid. 	It was first obtained in a separate state by M. 
Gay Lussac. 	It is the acid which exists in chlorate of pot- 
ash. 	His method of obtaining it in a separate state was as 
follows : he prepared chlorate of barytes by the method 
pointed out by Mr. Chenevix, which will be described in a 
subsequent part of this work. 	This salt was dissolved in 
water, and dilute sulphuric acid cautiously added to it as 
long as any precipitate continued to fall. 	By this method 
all the barytes was removed f'rom the liquid without adding 
any excess of sulphuric acid, so that on filtring nothing 
remained but chloric acid held in solution by the water. 
This acid posseses the following properties.$ 

properties. It has no sensible smell. 	as solution in water is colour- 

* Davy, Phil. Trans. 1815, p. 216, and Gay Lussac, Ann. de Chim. 
et Phys. i. 220. 

t According to Count Von Stadion its constituents are two volumes 
chlorine and three volumes oxygen. 	This would make it a Compound of 
one atom chlorine and three atoms oxygen. 	But the properties of the 
substance described by the Count differ so much from those of the gas 
examined by Davy that it is probable they are distinct substances. 	The 
reader will find an account of the properties of the deutoxide of chlorine 
of Count Von Stadion in the Annals of Philosophy, vol. ix. p. 22. 

I Gay Lussac, Annals of Philosophy, vi. 129. 
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less, and it areddens vegetable blues without destroying Chap. I. 

• ti. em. 	Lierld'aoes not decompose it. 	It 	 s.....'Nf."—.....1  o 	 may be concem• . i *47.0 by It  gentle heat without undergoing decomposition, 
and without being volatilized along with the water. 	When 
concentrated it has somewhat of an oily consistency. 	When 
heated it is partly decomposed into chlorine and oxygen, 
and partly volatilized without alteration. 	Muriatic acid 
decomposes it in the same manner without the necessity of 
applying heat. 	It combines with the diflere.nt bases and 
forms the genus of salts called chlorates, to be describedin a 
subsequent part of this work. 

When 100 parts of dry chlorate of potash are exposed to 
a red heat in a retort a quantity of oxygen gas is driven off, 
which weighs 38'88 parts. 	The residue, weighing 61.12 
parts, is a compound of 32.196 of potassium and 28'924 of 
chlorine.* 	But 32'196 of potassium require, in Order to 
be converted into potash (in which state they existed in the 
salt), 6'576 of the oxygen. 	There remain 32'304 of oxygen, 
which must have been combined with 28'921 of chlorine, 
and this compound must have constituted chloric acid. 
According to this statement chloric acid is composed of 	composi. . 

tion. 
Chlorine 	 28'921. 	 17'24 	 1'50 
Oxygen 	 32'304 	 52'76 	 5'02 

100'00 

We see from the last column that it is a compound of one 
atom of chlorine and five atoms of oxygen. 	For the 
weight of an atom of chlorine is 1'5, and that of an atom of 
oxygen one.t 

4. The fourth compound of chlorine and oxygen is like. 4. Perchlo. 
wise an acid. 	We may distinguish it by the name of rte acid. 

perchloric acid. 	It was latg7 discovered by Count Von 
Stadion, and may be obtained in the following manner. 

When the deutoxide of chlorine is extricated from a 

* That this is the case will be shown in a subsequent part of this work. 
The evidence would not be understood here, if it were given. 

t Sir H. Davy considers chloric acid as a compound of one MOM 
• chlorine and six atoms oxygen. 	The reason is that he believes the pot. 
ash to exist in the salt in the state of potassium, and therefore adds the 
other atom of oxygen, which we have supposed in the text to be united 
lo the potassium, to the chlorine. 
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Book T. mixture of sulphuric acid and chlorate of potzA, a peculiar 
,__Division_ 11,- 
---Ir---  

salt is formed which remains behind in the retort. 	We 
obtain this salt best when we use three or four,grains'of • 

- strong sulphuric acid for every grain of chlorate of potash 
employed. 	After the first violent action of the acid is at at 
end, heat is to be applied and continued till the yellow 
colour of the mass disappear. 	The salt formed in this way 
is mixed with bisulphate of potash.* which may be sepa- 
rated by a second crystallization. 	The purified salt pos- 
sesses the following properties. 

Properties. It is quite neutral,t is not altered by exposure to the air, 
and has a weak taste similar to that of muriate of potash. 
It dissolves in considerable quantity in boiling water; but 
water of the temperature 60°, dissolves only 	of its --th 
weight of it. 	In alcohol it is quite insoluble. 	Its crystals 
are elongated octahedrons similar to the primitive form of' 
sulphate of lead, and resembling the variety which has two 
prismatic faces between the pyramids.§ 	It detonates feebly 
when triturated in a mdrtar with sulphur. 	When heated 
to the temperature of 412° it is decomposed and converted 
into chloride of patassiumll and oxygen gas. 	When it is 
mixed with its own weight of sulphuric acid and exposed to 
a heat of 280° in a retort, it is decomposed, 	and the acid 
which it contains may be distilled over. 	The acid may 
likewise be formed artificially by exposing deutoxide of 
chlorine to voltaic electricity in an apparatus constructed 
with platinum wires. 	According to the experiments of 
Count Von Stadion when this salt is exposed to heat it 
yields 15'92 parts of oxygen gas, and there remain 54'08 
parts of chloride of.  potassium. 	Now 54'08 of chloride or 
potassium are composed of 

Potassium, — 28'49 
Chlorine 	 25'59 

54'08 

• A salt which will be described in a subsquent part of this work. 
t That is to say it does not affect the colour of vegetable blues. 
I Or chloride of potassium, a substance to be described in a subsequent 

part of this work. 
§ This variety is called plomb sulphate semi prisms by Iiaiiy, and is 

figured by him in his 69th plate, figure 73. 
II A combination of chlorine and potassium. 
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But 28.49 piuLs of potassiuin require 5.819 parts of oxygen Chap. L 
in order to be converted into potash. 	There remain 40.1 '—'\e'-'1  
'parts  of oxygen. 	According to this result perchloric acid 
is composed of 

Chlorine 	 25.59 .. .... 38.96 	 4.500 
Oxygen 	 40.1   61.04 	 7.012 

100.00 
Hence it appears that this acid is a compound of one atom 
of chlorine and seven atoms of oxygen.* 

Thus it appears that the four compounds of chlorine and 
oxygen are composed as follows. 

Chlorine. 	Oxygen: 
1. Protoxide of chlorine .... 1 atom + 1 atom 
2. Deutoxide of chlorine .. . . 1 	+ 4 
4. Chloric acid 	 1 	+ 5 

• 5. Perchloric acid 	 1 	+ 7 
But if we were to take Count Von Stadion's analysis of 
deutoxide of chlorine as exact, it would be a compound of 
one atom chlorine with three atoms oxygen ; and in that 
case all the compounds would consist of an atom of chlorine 
united with an odd number of atoms of oxygen. 

SECT. III. 

OF IODINE. 

THIS substance was discovered, I conceive, in the year History. 
1811 	by 	M. Courtois, saltpetre manufacturer at Paris. 
After ascertaining some of its properties he gave a quantity 
of it to M. Clement, who undertook to prosecute the inves- 
tigation. 	On the 6th of December 1813 M. Clement an- 
nounced its existence to the Institute of Paris, and at the 
same time described some of its most remarkable proper- 
ties. 	The investigation of it was immediately undertaken 
by M. Gay Lussac, and prosecuted with his accustomed 
activity and sagacity. 	Sir H. Davy, who was at that time 

* Gilbert's Annalen der Physik, iii. 213. 
VOL. I. 	 O 
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Book L at Paris, began likewise to makd experimentpilpon it, and 
Division II. .....-v,—/ his results were made known to the Royal Society before 

any of Gay Lussac's papers were published, though die' 
French chemist affirms that he preceded the British phi-
losopher in demonstrating the peculiar nature of this sub- 
stance. 	TO these two gentlemen, especially to M. Gay 
Lussac, we are indebted for our knowledge of most of the 
facts which have been ascertained respecting this singular 
subtance. 

Prepara- 
tion. 

• 1. Iodine may be obtained by the following process. 
Reduce a quantity of kelp to powder, and digest it in water 
till every thing soluble is taken up. Then filter the solution 
and evaporate it till all the crystals of common salt that can 
be obtained have separated from it. 	Mix the mother liquor 
with sulphuric acid, and boil for some time.* 	Put the 
liquid into a small retort or flask, and mix it with as much 
black oxide of manganese as you have added of sulphuric 
acid. 	Apply heat. 	A violet coloured vapour immediately 
arises, which is to be driven into a proper receiver, against 
the sides of which it condenses into a black brilliant matter. 
This substance is the iodine. 	The process just described 
was first proposed by Dr. Wollaston. 	Waste soaper's lie 
(provided kelp has been used for soap making) may be 
employed instead of the solution of kelp. 	French kelp, it 
would seem, is much richer in iodine than the kelp of 
Great Britain. 

Properties. 2. Iodine thus obtained is a solid Substance of a greyish 
black colour and the metallic lustre, having very much tho 
appearance of native sulphuret of antimony. 	It is usually 
in scales of a greater or smaller size ; but it may be ob- 
tained in crystals. 	And Dr, Wollaston has ascertained 
that its primitive form is an octahedron, somewhat similar to 
the primitive form of sulphur. 	The axes of this octa- 
hedron are to each other, as nearly as can be determined, 
as the numbers 2, 3, and 44 	Its specific gravity at 621° is.  
1.9484 

The smell of iodine is disagreeable and very similar to 

, * By this means a great quantity of muriatic acid and of sulphureted 
hydrogen, which impede the collection of the iodine, are previously re,, 
moved. 

t Annals of Philosophy, v. 237.  
/ Gay Lussac, Ann. de China, xci, 7. 

   
  



zontrit. 195 

that of chldetne, though not nearly so strong. 	Its taste is Chap. I. 
and hot, and continues for a long time in the mouth. ,acrid ^ '- ir"-1  

Orfila has -,shown that when taken internally it possesses 
poisonous qualities.* 

3. Like chlorine it possesses the property of destroying 
vegetable colours; though it acts with much less intensity. 
It stains the hand of a deep yellow colour ; but the stain in 
a 	short time disappears. 	Paper receives a permanent 
reddish brown stain, and is at last corroded by it. 

4. It melts when heated to the temperature of 22,14°, and 
is volatilized under the common pressure of the atmos- 
phere when raised to the temperature of 9514-.1- 	But if it 
be mixed with water and the liquid boiled, it may be distil- 
led over with the water. 	When converted into vapour it 
has a veryintense and very beautiful violet colour. 	It was 
from this colour that Gay Lussac imposed on it the name 
of iode,I which Sir Humphry Davy changed into iodine, 
as better suited to our language. 	Its specific gravity when 
in the state of vapour is 8.678.§ 

5. When iodine is thrown into water the liquid acquires 
an orange yellow colour and the peculiar smell of iodine. 
But it continues tasteless, and holds in solution only about 
-7 ,-yi.---,th part of its weight of iodine.II 	It is more soluble in 
alcohol, and still more in sulphuric ether.11 

6. If a quantity of iodine be put into a thin glass tube 
shut at one end and a bit of phosphorus be thrown on it, 
the two substances combine with great rapidity, and the 
evolution of a great deal of heat ; but no light is visible. 

Iodides. 

Sulphur and. most of the metals likewise unite readily with 
iodine when the action of the two substances upon each 
other is assisted by heat. 	The new substances formed by 
this combination have received, the name of iodides. 	Thus 
the beautiful red powder formed by the union of iodine and 
mercury is called iodide of mercury. 

7. When any of these compounds is decomposed by the 

• Toxicologic generale, torn. i. partie ii. p. 290. 
f Gay Lussac, Aim. de Chirn. xci. 7. 	Iie fixes the temperature be- 

tween 347° and 356°. 
I From ieanc, violet coloured. 
§ Gay Lussac, Ann. de Chim. xci. 17. 
li Ibid. xci. 7. 

o2 
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nook I. 	action of the galvanic battery the iodine atee.tes itself to 
Division II. the positive wire, and the substance with which it was united 

—v-1  to the negative wire of the battery. 
Iodic acid. 	8. Iodine has the property of combining with oxygen. 

This combination was first discovered in a separate state by 
Sir H. Davy, and constitutes one of the many striking 
analogies that exist between chlorine and iodine. 	It may 
be obtained by the following process. 	Put 40 grains of 
iodine into a thin long-necked receiver. 	Into a bent glass 
tube shut at one end put 100 grains of chlorate of potash, 
and pour over it 400 grains of muriatic acid, of the spe- 
cific gravity 1•105. 	Then make the bent tube commu- 
nicate with the receiver, and apply a gentle heat to it. 
Protoxide of chlorine* is generated. 	As soon as it comes 
in contact with the iodine a combustion takes place, and 
two new subtances are formed : 1. A compound of iodine 
and 	chlorine; 	2. A compound of iodine and oxygen. 
When heat is applied to this mixture the compound of 
chlorine and iodine, which is volatile, flies off and leaves the 
compound of iodine and oxygen in a state of purity.t 
This substance possesses acid properties, and Gay Lussac 
has proposed for it the name.of iodic acid, which we shall 
adopt. 

Iodic acid, when pure, is a white semi-transparent solid. 
It is destitute of smell, but has a strono•

b 
 astringent sour 

taste. 	Its specific gravity 	is considerable, 	for it sinks 
rapidly in sulphuric acid. 	When heated a little below the 
temperature at which olive oil boils, it melts and is decom- 
posed, 	being converted 	into 	iodine 	and 	oxygen gas. 
According to the mean of three experiments made by Sir 
Humphry Davy, a grain of iodic acid when decomposed 
gives out 176.1 grain measures of oxygen gas.1: Now at the 
temperature of 60°, 176'1 grains of water are equal in bulk 
to 0'6968 cubic inch. 	But 0'6968 of a cubic inch of oxygen 
gas weighs 0'236 grain. 	Therefore, according to this 
result, iodic acid is composed of  

• '1` This gas ought to be made to pass through dry chloride of calcium 
(muriate of lime) before it comes in contact with the iodine, in order to 
deprive it of the water with which it is mixed when first generated. 

t Davy, Phil. Trans. 1815, p. 204.  
t Phil. Trans. 1815, p. 206. 
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Iochez, 	 764   15'625 	Chap. T. 
Oxygen...... 236  	4'825 	'''"\e—h 

1000 
Now according to the experiments of Gay-Lussac, to be 

detailed in a subsequent part of this work, 15'625 represents 
the weight of iodine which enters into combinations, suppos- 
ing the weight of oxygen to be denoted by 1. 	So that it 
follows from the preceding analysis of Sir Humphry Davy, 
that iodic acid is a compound of one atom iodine and about 
five atoms oxygen. 

But the three experiments of Davy do not agree well with 
each other. 	By the first, iodic acid would be a compound 
of one atom of iodine and 4'588 atoms of oxygen. 	By the 
second, of one atom of iodine and 4'82.5 atoms of oxygen, 
nearly : and by the third, of one atom iodine and 5'375 
atoms of oxygen. 	If we recollect that these experiments 
were made upon three grains, two grains, and one grain, of 
iodic acid respectively, we shall not be surprised at these 
little discrepancies, nor that the quantity of oxygen obtained 
fell a little below the truth. 	Gay-Lussac, who made his 
experiments upon a much larger scale, employing the com-
pound of iodic acid and potash, found iodic acid composed 
exactly of one atom iodine and five atoms oxygen.* 	We 
may, therefore, consider this as its true composition. 	Ac- 
cordingly the weight of ingredients of iodic acid may be 
represented by the following numbers : 

Oxygen .... 24'24 	.... 	100 	• . • • 	5 
Iodine 	7.5'76 	.. .. 781.25 	.... 	15'625 

This iodic acid agrees exactly in point of composition 
with chloric acid. 	No other compound of iodine and 
oxygen has hitherto been discovered, though it is very pro- 
bable that others exist. 	The analogy between chlorine and 
iodine is so close that we may almost look for similar com-
binations entered into by each. 

Iodic acid is very soluble in water. 	When exposed to a 
moist atmosphtire it gradually deliquesces. 	Its solution 
first reddens, and then destroys vegetable blues. 	It reduces 
other vezetable colours to a dull yellow. 	When this liquid 

‘' Arm. de Chim. xci. 48. 
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Book I. is heated, the water gradually evaporatek4nd the acid 
Division ii. 
...—v.......... acquires the consistence of a syrup. It then -Becomes pasty, 

and may be driven over unaltered, unless the heat applied 
be too great. 	In that case it acquires a purplish tint from 
a partial decomposition which sets a portion of the iodine 
free.  

When mixed with charcoal, • sugar, or other inflammable 
bodies, and heated, detonations take place. 	Its solution 
rapidly corrodes metallic bodies. 

Chloriodic . 	9. Iodine has the property, likewise, of combining with 
acid. chlorine. 	We are indebted for the first discovery of this 

compound to the industry of Sir H. Davy; but it was 
likewise examined by Gay-Lussac, before he was aware 
that it had been the object of the investigation of the British 
chemist. 	Davy has given the compound the name of chlo-
riodic qcid, which we shall adopt. 

It is easily obtained. 	When a current of chlorine gas 
is passed into a vessel containing iodine, the combination 
instantly takes place. 	• Chloriodic acid, when the iodine is 
saturated with chlorine, has a yellow colour, and becomes 
orange on fusion; but if there be an excess of iodine the 
colour is red.* 	To saturate the iodine in this way is 
attended with some difficulty ; but is easily accomplished by 
dissolving .the red substance in water; and passing through 
it a current of chlorine gas till it be saturated. The solution 
of chloriodic acid obtained in this way is colourless, provided 
there be no excess of chlorine ; but if there be, it has a 
yellow colour.t 	 • 

It is not easy to determine the composition of this corn-
pound ; because saturation is difficult, and it seems even to 
affect an overdose of iodine. 	Davy made two trials to 
determine the quantity of chlorine absorbed, by a given 
weight of iodine. 	The results were as follows; 1 

. Chlorine. 
1. 20 grains of iodine absorbed 13'125 

cubic inches.     = 9'9.84 grains 
2. 20 grains of iodine 	absorbed 9'6 

cubic inches. 	  ..-.. 7'32 

* Davy. 	Phil. Trans. 1814, p. 498. 	Gay-Lussac. Ann. ,sle Chirn. 
xci. 48. 	 t Gay.Lussac. 	Ann. de Chiru. xci. 50. 

/ Phil, Trans. 1814, P. 499. 
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Accordin4sq these experiments, the composition of CI110. Chap. I. 

riodic acid is as follows : 

e. 	I. 15.625 iodine + 7.8 chlorine 
2. 15.625 iodine + 5.719. 

..-.-v--.71  

The reader will bear in mind, that 15.625 represents the 
weight of an atom of iodine, and 4.5 the weight of an atom 
of chlorine. 

From these experiments Davy is disposed to infer, that 
chloriodic acid is a compound of one atom iodine + one 
atom chlorine. 	But when we consider that it is very diffi- 
cult to saturate iodine by the direct absorption of chlorine, 
and that in the first experiment * the quantity of chlorine 
actually absorbed was only ith less than the weight of two 
atoms, we can scarcely hesitate to infer, that pure chloriodic 
acid is a compound of one atom iodine and two atoms 
chlorine. 	Supposing that opinion well founded, it will be 
a compound of 

Iodine .... 15.625   63.45   100 	' 
Chlorine .. 	9.000   36.55  	57'6 

100.00 
Chloriodic acid is very volatile. 	When exposed to the 

air it deliquesces. 	Its solution, in water, possesses acid 
properties. 	It gradually destroys vegetable blues. 	Even 
the solution of indigo in sulphuric acid is deprived of its 
colour by it. 	But it appears from the experiments of Gay- 
Lussac, that it is decomposed and converted into iodic acid 
and muriatic acid, (no doubt by the decomposition of water) 
whenever We attempt to combine it with a base. 	This has 
induced him to doubt whether it possesses acid properties, 
and to suspect that it is decomposed whenever it is dissolved 
in water. 	On that account he has given it the name of 
dloruret of iodine. 	But Davy's experiments seem to me to 
prove, that it dissolves in water without decomposition, and 
consequently that it is an acid. 

10. Iodine has the property of combining with starch, Combines 
and of forming with it a compound which has a fine blue with starch. 
Colour. 	This curious fact was first observed by MM. Colin, 

• In that experiment water was added to facilitate the absorption. 
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Book L and Gaultier de Claubry.* 	The easiest waxohforming this 
Division 
...—,—..., n. compound is to triturate starch with an excess of iodine, to 

dissolve the mixture in potash, and then to add a vegetable 
acid. 	The iodide of starch falls down in the state of a fine 
blue colour. 	Stromeyer, Professor of Chemistry at Gottin- 
gen, has found that starch is a most delicate test of the 
presence of iodine in liquids. 	He affirms, that the starch 
acquires a perceptibly blue tinge, when the iodine does not 
exceed 	of the liquid.t 4 6 olO o 

11. Iodine has been detected 'in various sea plants by 
Gaultier de Claubry. 	He found it in fucus saccharinus, 
fucus digitatus, fucus vesiculosus, fucus serratus, fucus sili- 
quosus, and fucus filum.t 	Davy found indications of the 
presence of iodine in the ashes of fucus cartilagineus, fucus 
membranaceus, fucus rubens, fucus filamentosus, ulva pavo-
nia, and ulva linza. § 

12. It would appear that chlorine, oxygen, and iodine, 
separate each other from bases at a red heat in the following 
order: 	 '  

Chlorine, 
Oxygen, 
Iodine. 

Chlorine drives off the other two, while oxygen disengages 
iodine. 	Hence, according to the present language of che- 
mists, chlorine has the greatest affinity for the bases, oxygen 
the next greatest, and iodine the weakest. 	But to this rule 
there are many exceptions. 	Thus iodine disengages oxygen 
from potassium and sodium at a red heat. 

... 

SECT. IV. 
OF FLUOR/NB. 

History. THE4' mineral called fluor spar, and in this country fre-
quently distinguished by the name of Derbyshire spar, is sc 
common in lead mines, and is so beautiful in consequence 
of its transparency, its fine colours, and the large size of its 
cubic crystals, that it must have early attracted the atten- 
tion of mankind. 	There can be little doubt that it is men- 

* Ann. de Chim. xc. 92. 	f Annals of Philosophy, vi. 312. 
t Ann. de Chim, xciii. 75, 113. 	§ Phil. Trans. 1814, p. SOS. 
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tioned both t).y2Theoplirastus and Pliny under the name of Chap.!. 
`v""j  false emerald (+EA* frikap?cy?o5 ). 	In the time of Agricola it 

was employed as a flux for ores, and is mentioned by him 
under the name of fluor.* 	Its property of corroding glass, 
when mixed with sulphuric acid; was known at Nuremberg 
as early as 1670. 	The first attempt to ascertain the corn- 
positio'n of this mineral was made by Margret His experi-
ments were published in the Memoirs of the Berlin 
Academy for 1768 ; but he informs us that they had been. 
made in 1764. 	He reduced the mineral to powder, mixed 
it with its own weight of sulphuric acid, and distilled it in a 
retort. He obtained a white saline sublimate, and remarked 
with surprize that the retort was corroded into holes in 
several places.t 	In the year 1771, Scheele published a set 
of experiments on fluor spar, in the Memoirs of the Aca- 
demy of Sciences of Stockholm. 	He showed that the 
mineral was a compound of lime, and of a peculiar acid, to 
which he gave the name of jlzioric acid. 	He determined the 
properties of this acid, and showed' it to differ from every 
other previously known. $ 	Dr. Priestley found that the 
acid when obtained by Scheele's process, is a gas possessed 
of peculiar properties which he investigated and described.§ 

It was shown by Wiegleb 11 and Bucholz,** and still more 
completely by Meyer, tt that the fluoric acid of Scheele 
contained silica as a constituent, and Dr. John Davy ascer-
tained the proportion of fluoric acid and of silica, that 
exist in the acid of Scheele, $$ and demonstrated that it is a 
peculiar compound of fluoric acid and silica, in'which the 
constituents always exist in the same proportions. 	Gay- 
Lussac and Thenard, in their Recherches Physico-chi. 
miques, §§ published in 1811, pointed out a method of 
preparing pure fluoric acid, andp 	were the first to determine 
its properties. 	It may be 	procured 	in . the following 
Manner. 

A retort of pure lead must be procured, composed of two 

''' Georg. Agricolx Bermannus, p. 458. 	Basil's edition of 1558. 
t Collection Academique, xvi. 281. 
I Mernoires de Chymie de. M. C. W. Scheele, i. 1. 
§ Priestley on Air, ii. 339. 
H N. Entd. in d. Chymie. 	Th. i. p. 1-15. 	" Ibid. Th. iii. p. 50„ 

,....._tl• Schriften der Berliner Gesellschaft. naturf. Freunde, b. ii. 
II Phil. Trans. 1812, p. 352. 	 §§ Vol. ii. p. 1. 
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Book I. pieces which slip into each other. 	To thikf:tort must be 
Divisi" II' ........v......i adapted a leaden receiver. 	This apparatus is represented 
Preparation in the figure. 	Take any ,.. 

quantity o pure white fluor 	,  f of fluoric 
acid. 

spar, 	 --- reduce 	it 	to 	a 	fine 	Uili' i)1 
powder, and put it into the 
retort, then mix it well with twice its weight of concentrated 
sulphuric acid. 	Lute the joining of the retort and the beak 
where it enters the receiver with clay, then apply a mode- 
rate heat to the retort, taking care that it is not so great as 
to fuse the lead. 	The receiver is to be surrounded with a 
mixture of common salt and snow. 	The fluoric acid is dis- 
engaged, and collected in the receiver in a liquid state.* 
This acid possesses the following properties. 

Properties. At 32° it is a colourless liquid like water. 	It does not 
congeal though cooled down to — 4°, and it continues 
liquid at the temperature of 60°. 	Its boiling point has not 
been determined, but it is low. 	When exposed to the air 
it smokes violently, giving out a smell similar to that of 
muriatic acid, but much stronger. 	It is very speedily dissi- 
pated in open vessels, and can only be preserved in metallic 
vessels. 	The best adapted for the purpose are those which 
are composed of pure silver, and they must have a silver 
stopper, which should be air tight. 	. 

When this acid is • as concentrated as possible, it would 
appear from the experiments of Davy that it contains no 
water. 	Its specific gravity is then 1.0609. 	When "united 
to a certain portion of water, its specific gravity becomes 
1.25. 1- 	When a drop of it is let fall into water, a hissing 
noise takes place similar to what is heard when a red hot 
iron is plunged into that lipid. 	When a few drops of 
water are let fall into fluoric acid it enters into ebullition. 
A great deal of water may be added without destroying its 
fuming property. 	Care must be taken not to breathe the 
fumes of this acid, as they are very deleterious. 	When a 
drop of it falls upon the skin, it acts as a powerful corrosive, 
and occasions a sore which does not soon heal. 

When this acid conies in contact with glass, it imme-
diately corrodes it, and is converted into a gaseous body, 

* Recherches Physico-chimiques, ii. 2. 
1-  Davy. Phil. Trans. 1813, p. e66. 
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known by the p.ame of silicated fluoric acid.* 	This acid Chap. I. 
combines readily/  with the different bases, and forms a genus "—vs-1  
of salts called iluates. 

From an'exppriment of Sir H. Davy it would appear, 
that the number which represents an atom of this acid is 
1.0095, supposing an atom of oxygen to be 14 

It had been the general opinion of chemists that fluoric Theory of 
acid is a compound of an unknown basis and oxygen, and flu"ine• 
this opinion was adopted and maintained by Gay-Lussac 
and Thenard, in their Recherches Physico-chimiques. But 
in the year 1 8 10, M. Ampere, who had adopted the views 
of Sir Humphry Davy, respecting chlorine and the compo-
sition of muriatic acid4 was led to compare together the 
fluoric and muriatic acids, and to draw similar conclusions 
with respect to the composition of both. 	Now the base of 
muriatic acid is hydrogen, and the hydrogen in it is combined 	• 
with chlorine, a supporter of combustion. 	Therefore, sup. 
posing the composition of both similar, fluoric acid must 
likewise be a compound of hydrogen; and an unknown sup. 
porter of combustion. 	This view of the subject he commu- 
nicated to Sir H. Davy in 1810, who at first was rather 
inimical to the opinion; but, upon considering the subject, 
he was gradually led to change his notions,§ and at last 
became a strenuotis supporter of the hypothesis. 	He pub- 
lished two papers in succession on the subject, containing 
each many highly interesting experiments, and ingenious 
views and deductions ; II but .he was unable to obtain the 
supposed supporter of combustion, in fluoric acid, in a sepa- 
rate state. 	I think, however, that the reasons adduced for 

* This acid will he described in a subsequent part of this work. 
t One hundred grains of fluate of lime, when repeatedly heated with 

pure sulphuric acid, were converted i,:to 175.2 grains of sulphate of lime. 
Now 175/ of sulphate of lime contain 73.589 of lime. 	Bence fluate of 
lime (supposing it composed of fluoric acid and lime) is composed of 

Fluoric acid 	 26.418  	1.0095 
Lime 	  73.582 	 3.625 

I 	100.000 

t Namely, that it is a compound of equal volumes of chlorine and 
hydrogen gases. 

§. Ann. de Chim. et Phys. ii. 21. 
11 Phil. Trans. 1813, p. 263 and 1814, p. 62. 
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Book I. its existence are sufficiently plausible, ankori that account 
Division II. have been induced to give it a place among the supporters 

of combustion. 	Davy has given it the name of fluorine, 
which we shall adopt.* 	I shall now state the'evidence for 
the existence of fluorine that has been brought forward by 
the experiments of Davy. 	I shall be under the necessity of 
making use of many substances which have not yet been 
described. 	Beginners, therefore, will find it convenient to 
peruse the two following chapters before they read the 
remainder of this section. 

Proofs of its 1. When fluoric acid and potassium are brought into 
existence. contact, a. violent action takes place; a solid white sub-

stance is formed, and a quantity of hydrogen gas is dis- 
charged. 	If the fluoric acid be free from water, it is ob- 
vious that this result is best explained by supposing the 

' fluorine and the potassium to combine and form the solid 
substance, while the hydrogen, previously united to the 
fluorine in the acid, makes its escape in the form of gas. 
But it requires to be ascertained whether fluoric acid of the 
specific gravity 1'0609 contains any water. 	For this pur- 
pose Davy put a quantity of it into a platinum tray, and 
placed it in contact with ammoniacal gas till it was saturated 
with that alkali. 	By this means a white salt was formed, 
known by the name of fluate of .ammonia. 	When any 
acid that contains water is combined in this manner with 
ammoniacal gas, if we heat the salt formed, water is al- 
ways disengaged. 	Thus sulphuric acid, or nitric acid, or 
phosphorous acid, when saturated with ammoniacal gas and 
heated, give out always abundance of water. 	But fluate 
of ammonia when thus treated gave out no water.t 	Hence 
we have no evidence that fluoric acid contains any water. 

* Ampere has given it the name of Phthorine, (Phthore) from the 
Greek word ,p0opoc, • destructive. 	Ann. de Chim. et Phys. ii. 24. 	But it 
is quite evident that this new name cannot be adopted. 	There would be 
no end to names if every person at pleasure could coin new ones. 	The 
reason assigned by him for contriving this new name, namely, that he was 
the original starter of the hypothesis, is not valid. 	Mr. Gregor was the 
discoverer of titanium; yet the name imposed by Klaproth has kept its 
place, and even borne down the name Menachane, previously applied by 
Kirwan. 	Davy informs us that Ampere himself originally suggested the 
term fluorine. 

t Davy, Phil, Trans. 1813, p. 268. 
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2. Muriatic-,zt id is a compound of chlorine and hydro- . Chap. I. 
gen gas, the combination of it with ammonia is 'called mu- 
riate of ammonia. 	When potassium is heated with muriate 
of ammonia, chloride of potassium is formed, and a quan- 
tity of gas disengaged. 	This gas is a mixture of ammonia 
and hydrogen, and consists of two volumes of ammonia, 
and one volume of hydrogen gas. 	Now when fluate of 
ammonia is treated with potassium, a similar effect is pro- 
duced. 	A white saline substance is formed, and gas is 
evolved consisting of ammonia and hydrogen, in the pro-
portion of two volumes of the former to one volume of the 
latter.* 	Now since the effects in these two cases are simi- 
lar, the fair inference seems to be that the products are' 
similar. 	The dry substance is probably a fluoride of pot- 
assium, while the hydrogen was previously united with the 
fluorine, and constituted with it fluoric acid. 

3. When fluoric acid is exposed to the action of galvan-
ism, hydrogen gas is given out at the Negative wire, and the

wire (supposing it platinum) is coated with a choco- 
late powdent 	When muriatic acid is treated in the same 
way it is decomposed, its hydrogen being given off at the 
negative wire, while its chlorine unites with the positive 
wire. 	Is it not probable then that the chocolate powder is 
a compound of fluorine and platinum ? 

4. If fluate of silver or fluate of mercury be exposed to 
the action of chlorine, and heated in glass vessels, chloride 
of silver or of mercury is formed, while the vessel is cor-
roded, and a quantity of silicated fluoric acid gas mixed 
with oxygen evolved. $ 	Is it not probable that in this case 
the fluorine is disengaged, that it immediately acts upon 
the silica in the glass, disengaging its oxygen and forming 
silicated fluoric acid, which ? r.);lay be considered as a com-
pound of fluorine and silicon  

Various attempts were made to obtain the fluorine in a 
separate state, by repeating this experiment in vessels of 
platinum and silver : but in both cases it combined with the 
Metal. 	So that it seems fluorine has the property of com-
bining with all 'bodies that can be employed as vessels. 
This precludes the possibility of obtaining it in a separate 
State. 

4'  Davy, Phil. Trans. 1813, p. R69, 	t Ibid. p. 271. 	1 Ibid. p. 
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Book L 	. 5. If we suppose fluate of lime to he ka, compound of 
Thvisi'n u• fluoric acid and lime, its composition will be 

Fluoric acid 	 P0095 
Lime.. 	 3'625 

From this we see that the weight of an integrant particle 
of fluoric acid must be P0095. 	If it be supposed a com- 
pound of one atom of oxygen, and one atom of an un-
known inflammable basis, then as the weight of an atom 
of oxygen is one, the weight of an atom of the inflamma-
ble base can be only 0.0095, which is only the 13 part of 
the weight of an atom of hydrogen. 	On that supposition 
fluoric acid would be composed of 

Inflammable basis 	 P00 
Oxygen ... 	 105'67 

So very light a body, being contrary to all analogy, can-
not be admitted to exist without stronger proofs than have 
hitherto been adduced. 	On the other hand if fluor spar 
be in reality a fluoride of calcium, then its composition will be 

Fluorine 	 2.0095 
Calcium  	  2'625 

So that the weight of an atom of fluorine would be 20095, 
or almost exactly twice the weight of an atom of oxygen. 
This is surely a much more probable supposition than the 
former. 	But the question cannot yet be Considered as fully 
decided. 

CHI t P. • I I. • 

OF SIMPLE INCOMBUSTIBLES. 

BY incombustible, I mean a body, neither capable of under.,  
going combustion nor of supporting combustion: 	It unites 
to all the supporters; but the union is never attended with 
the evolution of heat and light. 	We are at present ac- 
quainted only with one such substance, namely, azote. 	It 
is a body of so singular a nature, that it cannot with pro-
priety be classed along with any of the other simple bodies; 

2 
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but seems entitled to a place by itself.* 	In this chapter Chap. II. 
then we will confine ourselves to the description of.the 
properties of azote. 

"---v-"-' 

SECT. I. 

OF AZOTE. 

I. Azote, called also nitrogen, by some chemists, may be 
procured by the following process : if a quantity of iron 
filings and sulphur, mixed together, and moistened with 

\)11.4ord
insof 

azotte gas. 

Water, be put into a glass vessel full of air, it will absorb 
all the oxygen in the course of a few clays; but a consider-
able residuum of air will still remain incapable of any fur- 
ther diminution.t 	This residuum has obtained the appel- 
lation of (male gas. 	There are other methods of obtaining 
it. more speedily. 	If phosphorus, fbr instance, be substi- 
tuted for the iron-filings and sulphur, the absorption is 
completed_ in leis than 24 hours, provided the temperature 
be about 60°. 	If 100 measures of common air be mixed 
over water in a wide vessel with about 80 measures of ni-
trous gas, t the mixture will acquire a brownish red colour, 
part of it will be absorbed by the water, and there will 
remain 79 measures of pure azotic gas. 	This is the easiest 
and the most elegant method of procuring azotic gas for 
the.purposes of experiment. 

This gas was discovered in 1772 by Dr. Rutherford, 
professor 	of botany in the 	university of Edinburgh.§ 

41  Chemists have in general arranged awte along with the simple com. 
bustibles; but this place does not suit it according to the definition 
Which we have given of combustioi;', see p. 144. 	In all probability 
azote is a compound, and the difficulty will be got rid of when we succeed 
in obtaining its constituents in a separate state. 	Till then it will be best 
to allow it a place by itself. 

-t This experiment was first made by Dr. Hales. 
/ The method of obtaining this gas will be described in a subsequent 

part of this action. 	., 
§ See his thesis De Aere Mephitic°, published in 1772.--" Sed aer 

salubris et purus respirationem animali non modo ex parte fit mephitious, 
sed et  aliam indolis me mutationenz inde patitur. Postquam enim omnis 
aer mephiticus (carbonic acid gas) ex eo, ope lixivii caustici secretus et 
abdactus fueri,t, qui tamen restat nullo modo salubrior inde evadit; nam 

   
  



203 SIMPLE INCOMBUSTIBLES. 

Book I. Scheele procured it by the first mentionktiprocess beford 
Division  IL the year 1777, and proved that it was a distinct fluid.* 
....---') 1. The air of the atmosphere contains about 0/9 parts 

(in bulk) of azotic gas ; almost all the rest of it is oxygen 
gas. 	Mr. Lavoisier was the first philosopher who pub- 
lished this analysis, and who made azotic gas known as a 
component part of air. 	His experiments were published 
in 17734 %Scheele's Treatise on Air and Fire, in which 
his analysis is contained, was not published till 1777. 	His 
experimentS were no doubt made some years before, but 
we do not know their exact date. 

Weiglit. 2. Azotic gas is invisible and elastic like common air, 
which it resembles in its mechanical properties. 	It has no 
smell. 	Its specific gravity, according to Biot and Arago, • 
is 0.9691 ; $ according to Kirwan it is 0'985 ; § 'according 
to Lavoisier 0'978 ; ll air as usual being reckoned one. 	I' 
am disposed to adopt the number 0.9722 fixed upon by Dr. 
Prout, from theoretical considerations which I cannot ex- 
plain here.** 	If this' last estimate be correct,. 100 cubic 
inches of it, at the temperature of 60°, and when the ba- 
rometer stands at 30 inches, will weigh 29.652 grains. 

3. It cannot be breathed by animals without suffocation. 
If obliged to breath it they die very soon, precisely as they 
would do if plunged under water. 	Hence the term azote 

-given to this substance by the French chemists, which sig- 
nifies " destructive of life." tt 

No combustible will burn in it. 	Hence the reason that 
acandle confined in a given portion of air goes out as soon 
as the oxygen surrounding it is consumed. 	• 

Absorption 	4. This gas is not sensibly absorbed by water; nor in- 
by water. deed, are we acquainted with any liquid which has the pro- 

perty of condensing it. 	Dr. Henry ascertained, that when.  

quamvis nullam ex aqua calcis prxcipitationem faciat baud minus quark 
antea et fammam et vitam extinguit," page 17. 	When Hauxbee passed 
air through red-hot metallic tubes, he must have obtained this gas; lm.:. 
at that time the difference between gases was ascribed to fumes held in 
solution. 	See Phil. Trans. Abr. v. 613. 

* On Air and Fire, p. 7. 
1- See his remarks on Scheele's work, Mem. Par. 1781, p. 397. 
I Mem. de l'Instit, 1806, p. 320. 	§ On Phlogiston, p. 27. 
II Lavoisier's Elements. 	** Annals of Philosophy, 6, 322. 
tt From A and cog. 
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water is previouply deprived of all the air which it contains, Chap. II. 
100 inches of-it are capable of. absorbing only 1.47 inches 
of azotic, gas at the temperature of 600. * 	According to 

"--"Nr."—)  

Mr. Dalton-Ahe quantity of azote which 100 cubic inces 
of water takes up is 2+ cubic inches.t 

II. Azote has the property of combining with oxygen in 
four different proportions, and of forming four compounds 
that deserve to be accurately understood as they are of con- 
siderable importance in chemical 	experiments. 	These 
compounds have received the following names: 

• 1. Protoxide of azote, or nitrous oxide. 
2. Deutoxide of azote, or nitrous gas. 
3. Nitrous acid. 
4. Nitric acid. 

The third of them is the only. one that can be formed di- 
rectly by uniting oxygen and azote. 	The first two are ob- 
tained by depriving nitric acid of a portion of its oxygen. 
The last is extracted from nitre by-rdistilling it with sul-
phuric acid. 

1. When electric sparks are made to pass through com-
mon air confined in a small glass tube, or through a mix-
ture of oxygen gas and azotic gas, the bulk of the air di- 
minishes. 	This curious experiment was first made by Dr. Combines 
Priestley, who ascertained, at the same time, that if a little 
of the blue infusion of litmus be let up into the tube it ac-
quires a red colour; $ hence it follows that an acid is gene- 
rated. 	Mr. Cavendish ascertained, 	that the diminution 
depends upon the proportion of oxygen and azote present; 
that when the two gases are mixed in the proper proportions 

;i
n
ch oxy- 

And forms 
they disappear altogether, being converted into nitrous acid. 'dray 
Hence he inferred that nitrous acid is formed by the com-
bination of these two bodies. -, This important discovery 
Was communicated to the Royal Society on the 2d of June 
1785. 	The combination of the gases, and the formation 
'is  the acid, was much facilitated, he found, by introducing 
into the tube a solution of potash in water. 	This body 

* Phil. Trans. 1803, p. 274. 
t Annals of Philosophy, vii. 213, 	.Saussure makes the quantity 4.1 

cubic inches, (Ann. of Philos. vi. 340) but he seems to have overrated it. 
1 Priestley on Air, ii. 248. 
VOL. I. 	 P 
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Book L united with the nitrous acid as it was proth1/40, and, formed' 
Diyisi" II' with it the salt called nitre. 	In Mr. Cavendish's first ex- 

periments there was some uncertainty, both in the propor-
tion of oxygen gas and of common air which p.oduced the 
greatest diminution in a given time, and in the proportion 
of the two gases which disappeared by the action of the elec- 
tricity. 	The experiment was twice repeated in the winter 
1787-8 by Mr. Gilpin, under the inspection of Mr. Caven-
dish and in the presence of several members of the Royal 
Society. 	The last of these experiments, which was con- 
ducted with every possible precaution to ensure accuracy, 
I shall consider as nearest the truth. 	It lasted rather more 
than a month. 	During the course of it there were ab- 
sorbed 4090 measures of oxygen gas contaminated with A. 
part of azote, and 2588 measures of common air. 	Now if 
we suppose that common air contains 21 parts in the 100 
of oxygen gas, and make the necessary corrections, we 
shall have 45054. measures of oxygen gas, and 2172-', mea-
sures of azotie gas, or' very nearly 2 measures of azotic gas, 
to 4 of oxygen. 	450.55 inches of oxygen weigh 152'68 
grains, and 217'25 measures of azote about 64.41 grains. 
According to this statement, we have nitrous acid composed 

Proportion of 100 parts by weight of azote united to 237 of oxygen; 
of its con- 
stituents. or in the hundred parts 

29'68 azote 
70'32 oxygen 

100'00* 
This result agrees almost exactly with the subsequent ex-
periments of Davy, according to which the constituents of 
nitrous acid are 

29.5 ante 
70'5 oxygen 

100.0 1• 
But the number which represents the weight• of an atom 

of azote seems, from a careful examination of the com-
pounds into which it enters, to be 1.75 supposing an atom 

Phil. Trans. 1788, p. 266. 	t Researches, p. 565. 
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of oxygen to 1)471. 	And nitrous add deems to be a corn- Chap. IL 
pound of I atom azote + 4 atoms.  oxygen. 	Hence its ''""v*--1  

'composition by weight is 
Oxygen 4.00 .... 228.5 .... 69'56 
Azote 	115 .... 100 	.... 30'44 

100.00 
I cannot at present de .iil the reasons which induce me to 

pitch upon these numbers, but they will appear as we pro-
ceed. 

2. Nitric acid, obtained by distilling a mixture of nitre and Two aides 
sulphuric acid, is a heavy liquid, usually of a yellow co- 
lour, which acts with great energy upon most substances, 
chiefly in consequence of the facility with which it yields a 
portion of its oxygen. 	If a little phosphorus or sulphur, 
for instance, be put into it, the acid when a little heated 
gives up Oxygen to them, and converts them into acids 
precisely as if the two bodies were subjected to combustion: 

of azote ; 

In this case the nitric acid, by losing a portion of its 
Oxygen, is changed into a species of gas called nitrous gas, 1. Nitrous 
Which flies off and occasions the effervescence which attends 
the action of nitric acid on these simple combustibles. 

gas' 

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 oxygen 
the instant it comes in contact with it, and of forming 
nitric acid. 	Hence the yellow fumes which appear when 
nitrous gas is mixed with common air. 	This combination 
furnishes a sufficient proof that the constituents of nitrous 
gas are azote .and oxygen, and that it contains less oxygen 
than nitric acid. 	It is therefor an oxide of azote. 

Gay Lussac has shown by satisfactory proofs, that this 
gas is composed of one volume of oxygen, and one volume 
of azotic gas united together without any condensation.* 
hence its specific gravity is the mean of that of these two 
gases, or 1.0410: and at the temperature of 60°, and when the 
barometer stands a 30 inches, 100 cubic inches of it weigh 
26'769 grains. 	Now 100 cubic-inches of .oxygen gas weigh 

Mem. D'Arcueil. vol, ii. p. 216. 
P2 
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Book L 93.888 grains, and 100 cubic inches of w_otic gas 29'652 
Division II. ......--,—.. grains. 	Hence nitrous gas is composed as'iollows : 

Azote 	 29'652 	 P75 
Oxygen 	 33'888   2•1s1 

Hence we see, that it is a compound of one atom of azote 
and two atoms of oxygen. 	It is therefore a deutoxide of 
azote. 	This composition, which seems sufficiently estab- 
lished, is one of the reasons for making the weight of an 
atom of azote P75. 

Nitric acid. It seems to be demonstrated by satisfactory experiments, 
that nitric acid may be formed by the combination of 100 
volumes of oxygen, with 133 volumes of nitrous gas.* 	But 
133 of nitrous gas are composed of 663 volumes of oxygen 
and 66 	of azote. 	So that nitric acid is composed of 661 
volumes of azote and 1661 of oxygen, or of one volume of 
azote and 24. volumes of oxygen. Now these volumes being 
converted into weights, give the composition of nitric acid 

Azote 	 1.75 
Oxygen 	 5'00 

This was the reason for pitching upon P75, to represent 
the weight of an atom of azote. 

2. Gaseous 3. When iron filings are kept for some days in nitrous 
oxide. gas, they deprive, it of a portion of its oxygen, and convert 

it into a gas which no longer becomes yellow when mixed 
with common air, but in which phosphorus burns with great 

,splendour, and is converted into phosphoric acid. 	This 
combustion and acidification is a proof that the new gas 
contains oxygen. 	Its formation demonstrates that it con- 
tains azote, and that it has less oxygen than nitrous gas. 	It 
is therefore an oxide of azcite as well as the last described 
gas. 	The name gaseous oxide of azote has been given to it. 

This gas is most easily obtained by exposing the dry salt 
called nitrate of ammonia to the heat of a lamp in a small 
glass retort. 	As it is absorbed with. some rapidity by water, 
it must be either kept in phials furnished with ground stop- 

., Dalton's New System of Chemistry, ii. 555. 	Gay Lussac, Ann. do 
Chico. et Phys. i. 404. 
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,pers, or in gla4 jars standing over mercury. 	It possesses Chap. II. 
the property of supporting combustion. Combustibles burn 
in it with nearly as much splendour as in oxygen gas; but 
the combustion lasts a much shorter time. 	When mixed 
with hydrogen gas, and an electric spark passed through the 
mixture, a violent detonation takes place. 	Davy found that 

fir"•!  

:39 measures of this oxide require 40 measures of hydrogen 
for complete combustion. 	The residual gas was 41 mea- 
sures of azote.* 	As the gases employed were not absolutely 
pure, we may safely reject one of the measures of azote, and 
consider the residue 	as consisting only of 40 measures. 
But 40 measures of hydrogen require for their combustion 
20 measures of oxygen gas. 	From this experiment there- 
fore, it follows, that oxide of azote is composed of 

Azote 	.. 40 volumes or 2. 
Oxygen .. 20 volumes — 1. • 

condensed into 40 volumes. 	Hence its specific gravity 
ought to be 1'5277. 	Now M. Colin found it 1•5204,t 
which almost corresponds with the calculated gravity. 	It 
is composed by weight of 

Azote 	 0'9722 x 2   1'75 
Oxygen . . . . 1.111  	1.00 

But 1.75 is the weight of an atom of azote, and 1 the weight 
of an atom of oxygen. 	Hence it follows, that this gas is 
composed of 1 atom azote, + 1 atom oxygen, or it is a pro-
toxide of azote. 

4. Nitric acid can only be procured in quantities from the Nitrous 
salt, called saltpetre or nitre, which is collected in great 
abundance from the surface of the earth. 	When this salt is 
mixed with sulphuric acid and heated in a retort, the nitric 
acid distils over, and may be collected in a proper receiver. 

acid. 

Saltpetre melts in a low heat, and may be kept in that tem- 
perature without any alteration. 	But if the heat be in- 
creased, a quantity of oxygen gas is disengaged. 	If saltpetre 
which has been kept for some time in such a temperature, 
be dissolved in water, and the liquid mixed with acetic acid, 
red fumes are disengaged. 	But no such phenomenon takes 
place, if saltpetre be used that has not been subjected to 
such a process. 	The cause of this phenomenon was first 

" Davy's Researches, p. 291, 	j Ann. de china, et Phys. •21a, 
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Book I. 	explained by Scheele. 	The nitric acid i4he saltpetre is 
Division II. altered by the heat, and it is converted into another acid, 1/4—v' 	possessed of a much weaker affinity for potash than nitric 

' 	acid has. 	Hence the reason, that it is disengaged by acetic 
acid, and flies off in the state of red fumes. 	As oxygen gas 
is driven Off by the heat, the new acid was considered as 
possessing less oxygen than nitric acid, and was in conse- 
quence distinguished by the name of nitrous acid. 	If we 
dissolve lead in nitric acid, evaporate the solution to dry-
ness, reduce it to powder, dry it as completely as possible, 
and then expose into heat in a small• retort fitted with a re-
ceiver, an orange-coloured liquid is obtained, which was first 
observed by Berzelius; but was particularly examined by 
Gay-Lussac* and afterwards by Dulong.t 	Its specific gra- 
vity is 1'451, and it boils at the temperature 82°. 	Its taste 
is exceedingly acid, and 'when mixed with water, an effer- 
vescence takes place, and nitrous gas is evolved. 	Dulong 
analized it, by passing it through red hot iron, or copper 
wire, and collecting tile gazeous product. 	The metal in- 
creased in weight by absorbing oxygen, and the gas was 
azote, very nearly in a state of purity. 	Hence it follows, 
that it is composed of azote and oxygen, and that it contains 
no water. 	The result of an experiment, of which he gives 
us the details,f is that the acid is composed of 

Azote 	 36•33   1.75 
Oxygen .... 86'76 	 4.178 

These numbers do not differ much from those determined 
by Gay-Lussac, who found, that 100 volumes of oxygen gas 
could he united with 200 volumes of nitrous gas, and that 

• Ann. de Chim. et Phys. i. 405.,, 	f Ibid. ii. 317. 
1 The acid experimented on weighed 7.935 grammes = 122.54 grains. 
The oxygen which united to the metal was 5.66 gram. = 	87.41 grains. 
But 3.82 cubic inches of hydrogen gas appeared in- 

dicating 	..  	 . • • 	0.65 gr.oxy. 

• 
Hence the oxygen from the acid was 	86.76 grains. 
The azotic gas evolved was F96 litres at 52°. 	It con- 

tained 3.22 per cent of hydrogen gas. 	Deducting this, 
the azote makes 11516 cubic inches at 32° = 122.5 cubic 
inches at 600. 	These weigh  	36.33 grains, 
See Ann. de Chim. et Phys. ii. 320. 
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thus united thqyconstituted nitrous acid.* 	According to Chap. II. 
this statement; 	nitrous acid is composed of 1 volume 
azote + 2 volumes oxygen, or by weight of 

"""v 

Azote 	 0.3722 	 1•75 
Oxygen 	 2.2222 	 4 

Hence we see that nitrous acid is a compound of 1 atom 
ztzote and of 4 atoms oxygen. 

5. Gay-Lussac concludes from his experiments, that 100 
volumes of oxygen gas may be likewise made to unite with RoYPsm;td. tru  
400 volumes of nitrous gas. 	The compound according to 
him is an acid, which has hitherto been overlooked by 
.chemists, and to which he has given the name of pernitrous 
acidt. 	We see that it must be composed of 200 volumes of 
azote united to 300 volumes of oxygen, or in weight of 

Azote 	 1'9141 	 115 
Oxygen .... 3•3333 	.. 	 3.00 

So that it must be a compound of, 1 atom azote, and 3 ... 
atoms oxygen. 	But as this acid has never been obtained in 
a separate state, nor ever obgerved united to a base, its ex-
istence is still in some measure hypothetical. 

Thus we have five compounds of azote and oxygen ; 
/lamely, 

Azote. 	Oxygen. 
1. Protoxide of azote composed of 1 atom + 1 atom. 
2. Deutoxide of azote   1 	+ 2 
3. Hyponitrous acid 	 1 	+ 3 
4. Nitrous acid 	  1 	+ 4 
5. Nitric acid 	  1 	+ 5 

III. Azote has the property likewise of combining with Chloride of 
chlorine, and of forming a very singular compound, to which az°te• 
We may give the name of chlol* of azote. 

It seems to have been discovered about the beginning of History. 
1812, by M. Dulong, who did not however publish any 
thing on the subject, having been deterred by two severe 
accidents, which prevented him from completing his inves- 
tigation. 	In September 1812, Sir H. Davy received a let- 
ter from M. An.pere, in which he mentions the discovery, 

. Ann. de Chim. et Phys. i. 401. 
t Ann. de Chim. et Phys. i. 400. 	Hyponitraus acid would be a better 

name. 
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Book I. without saying any thing about the mod&qpf preparing it. 
Division It. 
......—„,—.4 This information roused his curiosity, and induced him to 

set about a series of experiments in order to obtain it. 	But 
before he had proceeded far, Mr. Children put-him in mind 
of an oily substance, that had been observed about a year 
before by Mr. Barton, at Cambridge, when he passed a 
current of chlorine through a solution of nitrate ammonia. 
This information enabled Davy to procure the substance, 
and to investigate its properties.* 	A very numerous set of 
experiments was made upon it about the same time, by 
Messrs. Porrett, Wilson, and Rupert Kirk.t 	There was 
lastly an abridgement of Dulong's original paper, drawn up 
and published by Thenard and Berthollet.t 	The chloride 
of azote may be procured in the following manner. 

Prepara- 
don. 

Dissolve in water of about 1100,• a quantity of nitrate. of 
ammonia, or sal ammoniac, so as to make a moderately 
strong, but not saturated solution. 	Put it into a flat dish, 
and invert over it a phial or cylindrical glass jar, previously 
filled with chlorine gas. 	The gas is slowly absorbed ; a 
yellowish oily looking matter collects on the surface of the 
liquid within the jar, and gradually falls to the bottom. 	It 
is the chloride of azote. 	Care must be taken not to collect 
more at one time than a globule or two ; and no experi-
ments ought to be made upon a quantity of it, exceeding a 
grain in.  weight. 	For the explosions which it occasions are 
so violent as to be dangerous, unless the quantity employed 
be very small. 	Chloride of azote possesses the following 
properties. 

Properties. . 	Its colour is nearly similar to that of olive oil. 	It is as 
transparent, and has little or none of the adhesiveness of 
oils. 	Its smell is peculiar and strong, though not so dis- 
agreeable nor injurious to the lungs, as that of chlorine.§ 
It is very volatile, and is sown dissipated when left in the 
open air. 	It may be distilled over at 160° without danger; 
but is partially decomposed by the heat. 	The temperature 
of 200° only increases the rapidity of its evaporation ; but 
when heated to 212°, it explodes with prodigious violence- 
In 4 vacuum it is converted into vapour, and is again con- 

* Davy. Phil. Trans. 1813, p. 1 and 242. 
f Nicholson's Journal, xxxiv. 180 and 276. 	March and April 1813. 
: Ann. de Chim. lxxxvi. 37. 
§ Davy compares it to the smell of phozgene gas. 
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densed into a fir id when the Pressure of the atmosphere is Chap. II. 
restored. 	If this vapour be heated sufficiently, it explodes ""- v-1  
with as much violence as the liquid itself: 	The specific 
gravity of chloride of azote is 1•653.+ 	When exposed to 
cold, the water in contact with it congeals at about 40°, 
but it remains fluid: itself, though exposed to the cold pro-
duced by a mixture of ice and muriate of lime.f 

-When left in water it speedily disappears, while a quan- 
tity of azotic gas is disengaged. When put into strong muriatic 
acid, a quantity of gas is extricated, considerably exceeding 
the whole weight of the chloride. 	This gas is chlorine; 
muriate of ammonia remains in the solution. 

When chloride of azote comes in contact with phos- 
phorus or oils, a violent detonation immediately takes place; 
the effect is so instantaneous and so great, that it has not 
been possible to collect the products. 	Messrs. Porrett, 
Nilsen, and Rupert Kirk, brought 125 different substances 
in contact with it. 	The following were the only ones which 
caused it to explode.§ 

Supersulphureted hydrogen Oil of tar 
Phosphorus Oil of amber 
Phosphuret of lime Oil of petroleum 
Caoutchouc Oil of orange peel 
Myrrh 	. Naphtha 
Phosphureted camphor Soap of silver 
Palm oil Soap of mercury 
Ambergris. Soap of copper 
Whale oil Soap of lead 
Linseed oil Soap of manganese 
Olive oil Fused potash 
Camphoreted olive oil Solution of pure ammonia 
Sulphureted olive oil Phosphureted hydrogen gas 
Oil of turpentine Nitrous gas. 

Metals, resins, sugar, most of the gases did not explode with 
this substance. 

M. Dulong placed chloride of azote in contact with composi- 
pieces of copper. 	The chloride disappeared, azotic gas was tion• 

disengaged, and there was formed a solution of muriate of 

* Porrett, 'Wilson, and Rupert Kirk. 	f Davy. 
t Davy. 	This temperature was probably as low as — 40°. 
§ Nicholson's Journal, xxxiv. 277. 
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Book r. copper.* 	From this experiment it folloAl, that the sub- 
Division II. ,—..y......... stance is a compound of azote and chlorine. 	Davy found, 

that when it was exploded in an exhausted vessel, the only 
products were chlorine and azote.t 	This fartker corrobo- 
rates the nature of its constituents. 	When made to act 
upon mercury, a mixture of calomel and corrosive subli-
mate $ is formed, and azote disengaged. In one experiment 
0.7 grain of the chloride produced 49 grain measur&4.  or 
0.193 cubic inch of azote. 	This quantity weighs 0'057 
grain. 	According to this estimate the chloride is com- 
posed of 

• Azote .. .... 	57  	P75 
Chlorine 	.. 643   19.71 

Supposing it a compound of 1 atoms chlorine, and 1 
atom azote, its constituents would be 

Azote 	1•75 	 , 	• 

Chlorine   4.5 X 4 = 18. 
ir 

The volumes of chlorine and azote according to the pre-
ceding experiment, are 

Azote 	 19 
Chlorine   81 

If we suppose that the whole azote was not obtained, as is 
very probable; we may state the volumes at 

Azote 	 20 
Chlorine   80. 

This would make the chloride exactly a compound of 
1 atom azote and 4 atoms chlorine. 	Davy made several 
other experiments, which all corroborate this supposition 
and render it highly probable. 

Iodide of IV. Azote has the property likewise of combining with 
azote. iodine, and of forming a compound which may be called 

iodide of azote. 	It was discovered by M. Courtois, and 
may be prepared in the following manner. 

Put a quantity of iodine into a solution of ammonia in 

* Ann. de Chim. lxxxvi. 59. 	t Phil. Trans. 1813,.p. 244. 
$ These are compounds of mercury and chlorine. 
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Water. 	It is grliaually converted into a. brownish black Chap. II. 
hatter which is the iodide of azote. ,-..-„,._# 

When left in the open air it gradually flies off in vapour 
without leaving any residue. 	It detonates with great vio- 
lence when slightly touched, or when heated. 	If the deto- 
nation be performed in an exhausted glass vessel the only 

Properties. 

-tnoducts are azotic gas and iodine.* 	Hence it is obvious 
thata is composed of these two substances. 	The attempts 
which have been made to determine the proportion of the 
constituents of this substance have not succeeded. 	Gay- 
Lussac calculates from theoryt that it is a compound of one 
atom of azote and three atoms of iodine, or by weight of 

Azote 	1/5  
Iodine . 	 15'625 x 3 = 46'875 

But the basis of this theoretical calculation is quite un- 
certain. 	From the fact that chloride of azote is a compound 
of 1 atom azote + 4 atoms chlorine, we see that it is not 
a general law that azote combines with other bodies in 
the proportion of one to three atoms. 

Various attempts have been made to decompose azote, 
and to reduce it into simpler elements; but hitherto these 
attempts have not been attended with success. 	Berzelius 
has endeavoured - by an ingenious process of reasoning to 
shoW that it is a compound of oxygen and an unknown 
substance, to which he has given the name of nitricum.t 

Attempts to 
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But his reasoning, being founded upon a supposed law § 
which has been since found not to hold in many cases, 
cannot be admitted as valid. 	Mr. Miers published a num- 
ber of ingenious experiments in order to show that azote is 
a compound of oxygen and hydrogen. H These experiments 
are of a very curious nature : but it would be requisite that 
they should be repeated with more exactness and on a 
greater scale, before we can venture to draw any conse- 
quences from them. 	There is a third set of experiments on 
an amalgam made by exposing mercury to the action of 

' Davy, Phil. Trans. 1814, p. 86. 	f Ann. de Chim. xci. 30. 
1 Annals of PhilLisophy, ii. 276. 
i That in all neutral salts the oxygen in the acid is a multiple by a 

%thole number of the oxygen in the base. 
II Annals of Philosophy, iii. 364, and iv. 180, 260. 

   
  



220 
Book I. 

SIMPLE COMBUSTIBLES..
,,,, 

'galvanism in contact with a moist =mom cal salt. 	I shalt 
bivision I. give a particular account 'of these experiments in a subse- 

quent part of this work. 	They appeared to me at first to 
demonstrate the compound nature of azote. Bdt, upon con-
sidering the subject with greater. attention, I think it would 
be hazardous at present to draw any such conclusion from 
them. 	Upon the whole, then, as no sufficient proof . hp!,  - 
yet been adduced that azote is a compound, we must'iCOn-
tinue to class it among the simple bodies. . 

CHAP. III. 

OF SIMPLE COMBUSTIBLES. 

BY combustible is understood substances which have the 
property of uniting with the supporters of combustion, and 
of emitting light and heat whenever that union is. rapid. 
There are at present 43 such substances known. 	It is of 
great importance to reduce these substances into distinct 
genera. 	The present method of confounding every thing.. 
under the name of metal has introduced much confusion 
into theicience. 	I conceive they may be very conveniently 
classed under the three following genera. 

Arrange- I. Bodies forming acids by uniting with the supporters of 
:flew. combustion or witChYdrogen. 	The substances belonging 

to this genus are the eight following.* 
1. Hydrogen 	3. Boron 	5. Phosphorus 	7. Arsenic 
2.. Carbon 	4. Silicon 	6. Sulphur 	8. Tellurium 

All these bodies, except arscaic and tellurium, have been 
hitherto classed apart from the metals under, the name of 
simple combustibles. 

II. Bodies forming alkalies or bases capable of constituting 
neutral salts with acids, by uniting with the supporters of 
combustion. 

• 
.. I class along with them likewise osmium from analogy. 	It has not 

been sufficiently examined to enable us to decide where it ought to be 
placed, 
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These bodies ii,a 28 in number. 	They are all metals, Chap. III. ......v.....d and may be arranged under five families or groups. 

I. FAMILY. 	III. FAMILY. 	V. FAMILY. 
1. Potassium 	1. Iron 	1. Gold 
2. Sodium 	2. Nick el 	2. Platinum 
3. Calcium 	3. Cobalt 	3. Palladium 
1:-.,Barium 	4. Manganese 	4. Rhodium 
5., Strontium 	5. Cerium 	5. Iridium. 
6. Magnesium. 	6. Uranium. 

II. FAMILY. 	IV. FAMILY. 
1. Yttrium 	1. Zinc 
2. Glucinum 	2. Lead 
3. Aluminum 	3. Tin 
4. Zirconium. 	4. Copper 

5. Bismuth 
6. Mercury 
7.. Silver. 

III. Bodies producing by their union with the supporters 
of combustion imperfect acids or substances intermediate 
between acids and alkalies. 

These bodies are six in number, and belong all to the class . 
of metals. 

1. Antimony 	4. Tungsten 
2. Chromium 	5. Columbium or tantalum 
3. Molybdenum 	6. Titanium. 

The description of these different bodies will occupy the 
following sections. 

GENUS I. 	ACIDIFIABLE COMBUSTIBLES. 

Every one of these combustibles, except the first, can 
be 	exhibited 	in 	a solid state. 	But they all become 
gaseous by uniting either with hydrogen or with a supporter 
of combustion. 
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Book T.  
Division II, ..—.‘,.....,..0 SECT. I. 

OF DYDROGE/g. 

How pro- 
cured. 

HYDROGEN may be procured by the following process. 
Into a retort having an opening at 

A* put one part of iron filings; then 
shut the openingA with a cork, through 13  
which a hole has been previously drilled 
by means of a round file, and the bent 
funnel B passed through it. Care must 

the 

	

be taken that the funnel and cork fit 	,-- 
----..-,e 

retort so as to be air-tight. 	Plunge 	1,  i  
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. 
Immediately the mixture begins to boil or effervesce with 
violence, and air-bubbles rush abundantly from the beak of 
the retort. 	Allow them to escape for a little, till you 
suppose 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 011ie jar. 	The gas obtained by this process is called 
hydrogen gas. 	It was formerly called inflammable air, and 
by some chemists phlogiston. 

It may be procured also in great abundance by causing 
the steam of water to pass through a red hot iron tube. 

Discovery. This gas being sometimes emitted in considerable quantities 
from the surface of the earth in mines, had occasionally 
attracted the notice of observers.t 	Mayow,t Boyle,§ and 
Hales, procured it in considvrable quantities, and noted a 
few of its mechanical properties. 	Its combustibility was 
known about the beginning of the 18th_ century, and was 
often exhibited as a curiosity.II 	But Mr. Cavendish ought 

* Such retorts are called tabulated by chemists. 	• 
t See an instance related in Phil. Trans. Abr. i. 169. 
:1,.. Tractatus Quinque, p. 163. 	 § Shaw's Boyle, iii. 21. 
II Cramer's Elementa Docimasia, i. 95. 	This book was published in 

1139.—Wasserberg relates a story of an accidental explosion which ter- 
rified Professor Jacquin's operator. 	Wasserberg's Institutiones Chemia:, 
i. 184. 
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to be considered igits real discoverer; since it was he who Chap. III. 
first examined it, who pointed out the difference between it ""The--1  
and atmospheric air, and who ascertained the greatest 
number of its . properties.* 	They were afterwards more 
fully investigated by Priestley, Scheele, Sennebier, 	and 
Volta.  

I. Hydrogen gas, like air, is invisible and elastic, and Its proper- 
capie4le of indefinite compression and dilatation. 	When 	nes.  
prepared by the first process it has a disagreeable smell, 
similar to the odour evolved when two flint stones are rubbed 
against each other. 	This smell must be ascribed to some 
foreign body held in solution by the gas ; for the hydrogen • 
procured by passing steam through red red hot iron tubes 
has no smell. • 

2. It is the lightest gaseous body with which we are Weight. 
acquainted. 	If the specific gravity of common air be rec- 
koned P000, the specific gravity of hydrogen gas, as de- 

. scribed by Biot and Arago, is 0.07324 	Dr. Prout has 
shown from the specific gravity of amiiaoniacal gas, which is 
composed of three volumes of hydrogen and one of azote 
condensed into two volumes, that its specific gravity must 
be 0.0634.1 	According to this estimate 100 cubic inches of 
hydrogen gas, when the temperature is 60° and the baro-
tneter stands at 30 inches, weigh 2117 grains. 

3. All burning  substances are immediately extinguished Action on 
by being plunged into this gas. 	It is incapable therefore of 	nr bus- 
supporting combustion. 

4. When animals are obliged to breathe it, they soon die. On ani- 
The death is occasioned merely by depriving the animal of ma's' 
oxygen. 	The animal dies precisely as it would do if 
plunged under water. 

5. Hydrogen gas is not sensibly absorbed by water, Notabsorb- 
though left for some time in contact with it. 	When water 	ed• 
is previously deprived of all its air by boiling, 100 cubic 
inches of it imbibe 1.53 inches of hydrogen gas at the tem- 
perature of 60°.§ 	According to Saussure water absorbs 
4'6 per cent. of hydrogen gas and alcohol 51 per cent. it 

II. If a phial be filled with hydrogen gas, and a lighted Combusti- 
ble. 

8  Phil. Trans. 1766, vol. lvi. p. 141. 
'1' Mem de l'Instit. 1806, p. 320. 	I Annals of Philosophy, vi. 322. 

4 Henry, Phil, Trans. 1803, p. 274. 	II Annals of Philosophy, vi. 310 
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Book I. candle be brought to its mouth, the gas.4v,ill take fire, and 
Division H. .._...v......., burn gradually till it is all consumed. 	If the hydrogen gas 

be pure, the flame is of a yellowish white colour; but if the 
' gas hold any substance in solution, which is often the case, 
the flame is tinged of different colours, according to the 
substance. 	It is most usually reddish. A red hot iron like- 
wise sets fire to hydrogen gas. 	From my experiments 
it follows, that the temperature at which the gas take' :ire 
is about 1000°. 

If pure oxygen and hydrogen gas be mixed together, 
they remain unaltered; but if a lighted taper be brought 
into contact with them, or an electric spark he made to pass 
through them, they burn with astonishing rapidity, and 

Explodes produce a violent explosion. 	If these two gases be mixed 
with oxy- 
gen gas, in the proportion of one part in bulk of oxygen gas and 
and forms 
water. 

two parts of hydrogen gas, 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. 	Th:s 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 experiment in dry glass vessels with all that preci-
sion 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 confirmed by the subsequent experi- 
ments of Lavoisier and his friends. 	Water, then, is a 
compound of oxygen and hydrogen, united in the propor-
tion of one volume of oxygen to two volumes of hydrogen. 
But the specific gravity of oxygen gas is 1.1111, and that 
of hydrogen gas 0'069+. 	S) that oxygen gas is 16 times 
heavier than hydrogen gas. 	Therefore water is composed 
by weight of 

Oxygen . 	. 	8 	 1. 
Hydrogen 	. 1 	 0'125 	' 

if therefore we suppose water to be composed of one atom 

* Scheele on Air and Fire, p. 57.; and Crell's Annals, iii. 101. Eng. 
Trans. 
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Ift“  a oxygen and olle atom of hydrogen, and represent the 

weight of an atom of oxygen by 1, the weight of an 
atom of hydrogen will be 0.125. 

Chap. III. 
‘---"v"' 

If 100 measures of air be mixed with 42 measures of 
hydrogen, ,and an electric spark passed through the mix-
ture, a detonation takes place, and the residual gas amounts 
to 79 volumes, and is pure azotic gas. 	This shows us that 
air '‘& a compound of 21 oxygen and 79 azotic gas. 	For 
the 42 measures of hydrogen require just 21 measures of 
oxygen to convert them into water. 	This experiment is 
often used to ascertain the purity of hydrogen gas. 	Mix 
any quantity of hydrogen gaS with its bulk of oxygen, and 
fire it by means of an electric 	spark ; note the diminu- 
tion of bulk that takes place ; two thirds of that diminu- 
tion is hydrogen. 	Suppose we mix 20 measures of hydro- 
gen and 20 of oxygen, and fire them by means of electricity. 
Suppo'se the residual gas after the experiment 10 measures. 
Thirty measures have disappeared., 	Two thirds of that 
or 20 measures wer.! hydrogen. 	Therefore in such a case 
the hydrogen examined would be considered as pure. 

. 

III. Hydrogen has the property also of combining with 
chlorine gas. 	The compound formed is known by the name 
of muriatic acid. 

If equal volunies of chlorine and hydrogen be put into a Muriatic 
glass tube and exposed to the direct rays of the sun, an ex._ 
plosion takes place. 	This curious fact was first observed 
by Gay-Lussac and Thenard.* 	When two equal glass 
vessels, ground so as to fit each other and filled, the one 
with dry chlorine and the other with hydrogen, arc placed 
in contact and exposed to the light of day, but not to sun- 
shine, the yellow colour gradually disappears and the mix- 
ture becomes colourless. 	If it,be now examined it will be 
found converted into pure muriatic acid gas, equal in bulk 
to the volume of the two gases before combination.t Hence 
it follows that this gas is a compound of chlorine and hy- 
drogen. 	The experiments which led to this conclusion 
were first made by Gay-Lussac and Thenard. 	But the 

* Recherches Physico-Chimiques,. ii. 129. 	The discovery was like. 
wise made by Dalton, who communicated it to me by letter before the 
publication above quoted appeared. 

f Ibid. p. M. 

acid. 

VOL. 1. 	 Q 
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Book I. consequence was first drawn by Sir HurripAry Davy, who 
Division H. thus revived the original opinion of Scheele, the discoverer 

of chlorine gas. fl-v—  
Muriatic acid, called hydrochloric acid by Gay-Lussac, is 

a gaseous body, invisible and elastic like common air, and 
having a peculiar smell and • a very sour taste. 	Water 
absorbs it with great avidity, so that it can be preserved 
only over mercury. 	No combustible body will burn ki. it : 
and it destroys life instantly when an attempt is made to 
breathe it. 	Indeed it cannot be drawn into the lungs; the 
glottis being spasmodically shut whenever it comes in con-
tact with this gas. 

Its specific gravity is the mean of that of chlorine and 
hydrogen, or 1.2847. 	Hence 100 cubic inches of it weigh 
39'162 grains. 

Its constituents are as follows : 
Hydrogen 	 0.125 	1 
Chlorine..4 	 4.5 	 36 

Hydriodic IV. Hydrogen combines with iodine, and forms a corn- 
acid. pound which has received the name of hydriodic acid. 	It 

seems to have been first discovered by M. Clement; but 
its nature and properties were first investigated by Davy 
and Gay-Lussac.f 

It may be obtained by mixing together four parts of 
iodine and one part of phosphorus, moistening the com- 
pound with water and heating it in a small retort. 	A gas 
comes over which must be received over mercury. This gas 
is hydriodic acid. 

It is colourless and elastic like common air. 	It has a 
smell similar to that of muriatic acid and a very acid taste. 
Its specific gravity, according to the experiments of Gay- 
Lussac, is 4'4434 	The real' specific gravity ought to be 
4'3719, which is the mean between the specific gravity of 
iodine vapour and hydrogen gas. 	Hence at the tempera- 
ture of 60°, and when the barometer stands at SO inches, 
100 cubic inches of it weigh 1334.34. grains. 	• 

When this acid is left in contact with mercury it is de-
composed, the mercury combines with the iodine and forms 

Phil. Trans. 1814, p. 74. 	 1- Ann. de Chim. xci. 9, 
T. Ann. de Chim. xci. 16. 
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-an iodide, while quantity of hydrogen gas is disengaged Chap. III. 
exactly equal to 6'ialf the bulk of the hydriodic acid gas. ‘'"—v--i  
It is decomposed likewise by chlorine, muriatic acid is 
formed and the iodine is deposited. 	These experiments 
leave no doubt about its composition. 	It consists of one 
volume of vapour of iodine linked to one volume of hydro- 
gen gas without any change of bulk. 	Hence it is com- 
poz:d by weight of 

Iodine 	 8'6801 	 16'625 
Hydrogen 	 .. 0'0691 	0'125 

We see from this that it is composed of an atom of iodine 
united to an atom of hydrogen. 

Water absorbs this acid with avidity. 	When exposed to 
a heat below 262°  the water is driven off and the acid 
becomes concentrated. 	In this way its specific gravity may 
be increased to 1'7. 	At 262°  the acid boils and may be 
distilled Duel. --It readily dissolves iodine, and becomes of a 
darker colour. 	It becomes dark co?oured also by exposure 
to the air, being partly decomposed. 

V. Hydrogen has the property of combining with flu-
orine, and forming a very powerful acid known by the name 
of Jinoric acid. 

This acid, in a state of purity, was first made known to Fluoric 
chemists by Gay-Lussac and Thenard.* 	It is obtained by 
putting a mixture of pure fluor spar and sulphuric acid into 
a retort of lead and silver, and distilling into a leaden or 
silver receiver. 

acid. 

Fluoric acid is a colourless liquid, of the specific gravity 
1'0609. 	It smokes strongly when exposed to the air. 	It 
acts with prodigious energy upon the skin. 	The smallest 
speck occasioning sores. 	We are not acquainted with the 
Proportions in which the conaituents of this acid are com- 
bined. 	If we conclude from an analogy that it is a com- 
pound of an atom of hydrogen and an atom of fluorine, its 
Proportions will be 1 of hydrogen to 16 of fluorine. 	For 
an atom of fluorine seems to weigh two. 	According to this 
notion fluoric acAd will be composed of 

Hydrogen 	• 0'125 	1 
Fluorine 	 2'000 ..... .. 	16 

* Recherches Physico-Chimiques, ii. 2. 
2 2 
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Book I. The affinity of hydrogen for the support 	of combustion 
Division II. ...The—. is in the following order. 	 It 

Hydrogen. 
Oxygen. 
Chlorine. 
Iodine. 

Oxygen separates hydrogen from chlorine and iodine; wNlc.  
chlorine separates it from iodine. 

VI. Hydrogen has the property of combining with azote 
and of forming a gaseous substance distinguished by the 
name of ammonia. 

Ammonia. This substance was unknown to the ancients. 	It seems 
to have been discovered by the Arabian chemists; though 
we are ignorant who the discoverer was. 	When animal 
substances are distilled, a white saline substance is obtained 
having a strong and peculiar odour, to which the name of 
hartshorn and volatile alkali were given. 	Ti,;:. :..I.it lb •;.,, com- 
pound of ammonia ani 	another gaseous. substance called 
carbonic acid. 	The method of obtaining it is described by 
Basil Valentine. 	If this salt or sal ammoniac be mixed 
with twice its weight of quicklime, put into a flask and, 
exposed to the heat of a lamp, a gas comes over which mint, 
be received over mercury, and which is ammoniacal gas. 
This gas was first discovered by Dr. Priestley. 	'Its com- 
position 	was first 	ascertained 	by Scheele. 	Berthollet 
determined it by pretty correct experiments. 	The sub- 
sequent experiments of Henry, A. Berthollet, and Davy, 
ascertained the proportion of the constituents with rigid 
accuracy.  

Ammoniacal gas is transparent and colourless, and pos- 
sesses the mechanical properties of air. 	Its smell is very 
pungent; though rather agreCable when sufficiently diluted. 
Its taste is acrid and caustic, and if drawn into the mouth 
it corrodes the skin. 	Animals cannot breathe it without 
death. 	When mixed with oxygen gas, and an electric 
spark passed through the mixture, it detonates, as was first 
discovered by Dr. Henry. 	It converts vegetable blues into 
green. 	Its specific gravity is 0.590. 	hence at the tempera- 
ture of 60°, and when the barometer stands at 30 inches, 
100 cubic inches of it weigh 18 grains. 

Water absorbs 780 times its bulk of this gas, and is con- 
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verted into lig& ammonia, a substance very much em- Chap. III. 
ploycd in chem.,: 1 experiments. 	When this liquid is 
heated to 130° tli ammonia separates in the form of gas. 

`'Y -"I  

When electrie sparks are passed for a considerable time 
through dry ammoniacal gas its bulk is just doubled, and it 
is completely decomposed. .The new gaseous product con-
sists of a mixture of three volumes of .hydrogen gas and 
orie volume of azotic gas. 	It is 'obvious from this that am- 
monia is composed of three volumes of hydrogen and one 
volume of azote compressed into two volumes. 	Hence its 
constituents by weight are 

Hydrogen 	 0'1917 .. .. 0'125 x 3 .. .. 1 
Azote 	 0'9722 .. .. 1.75. 	 41 

Thus we see that ammonia is a compound of three atoms of 
hydrogen and one atom of azote. 	Hence the weight of an 
atom. of it is 2.125. 

SECT. II. 

OF CARBON. 	• 

IF a piece of wood be put into a crucible, well covered Method of 
With sand, and kept red-hot for some time, it is converted 
into a black shining brittle substance, without either taste 
or smell, well known under the name of charcoal. 	Its pro- 
perties are nearly the same from whatever wood it has been 
obtained, provided it be exposed for an hour in a covered 

Ic3hreaPaliT 

Crucible to the heat of a forge.* 
1. Charcoal is insoluble in water. 	It is not affected Its proper. 

(provided that all air and moisture be excluded) by the most 
violent heat which can be applied, excepting only that it is 
rendered much harder and more brilliant.t 

ties' 

It is an excellent conductor of electricity, and possesses 
besides a number of singular properties, which render it of 
considerable importance. 	It is much less liable to putrify or 
rot than wood, and is not therefore so apt to decay by age. 
This property has been long known. 	It was customary 

* Unless that precaution be attended to, the properties of charcoal 
differ considerably. 

t This property was well known to the older chemists. 	See Hoff. mantes Observatioues Physico-Chymicte Selectiores, p. ggg. 
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Book I. 
<,4 

among the ancients to char the outside of it ose stakes which 
Division Ii. ......v......./ were to be driven into the ground or p1 Iced in water, in 

order to preserve the wood from spoil.ng. 	New-made 
charcoal, by being rolled up in clothes which have contracted 
a 	disagreeable 	odour, 	effectually destroys it. 	When 
boiled with meat beginning to putrefy, it takes away the 
bad taint. 	It is perhaps the best teeth-powder known. 
Mr. Lowitz of Petersburgh has shown, that it may" be 
used with advantage to purify a great variety of substances.* 

When putrid water at sea is mixed with about *th of its 
weight of charcoal powder it is rendered quite fresh, and a 
much smaller quantity of charcoal will serve if the pre-
caution be taken to add a little sulphuric acid previously to 
the water. 	If the water casks be charred before they are 
filled with water, the liquid remains good in them for 
years. This precaution ought always to be taken for long sea 
voyages. 	The same precaution when attended to fo- wine 
casks will be found very much to improve 'iie q"u'ality of the 
wine.f 

2. New-made charcoal absorbs moisture with avidity. 
Messrs. Allen and Pepys found, that when left for a day in 
the open air, it increased in weight about 12+ per cent. 
The greatest part of this increase was owing to moisture 
which it emitted again copiously when exposed under mer- 

Absorbs cury to the heat of 214°4 
gases. 3. When freed from the air which it may contain, 

either by heat or by being placed under an exhausted re-
ceiver, it has the property of absorbing a certain quantity 

-of any gaseous body in which it may be placed. 	Lame- 
therie made some experiments on this subject many years 
ago.§ 	Count Morozzo made many curious observations 
on the quantity of different gases absorbed by charcoal. II 
These were varied and extended still farther by Messrs. 
Rouppe and Van Noorden of Rotterdam.** But the most 
complete and satisfactory set of experiments on the absorp- 

• See upon the properties of charcoal the experiments of Lowitz, 
Crell's Annals, ii. 165. Engl. Trans. and of Kels, ibid. iii. 270. 

t Berthollet, Ann. de China. lix. 96 ; and xciii. 150. 
i Allen and Pepys on the quantity of carbon in carbonic acid. Phil. 

Trans. 1807. 
§ Jour. de Phys. xxx. 309. 
il Jour de Phys. 1783, p. 376. 	Nicholson's Journal, ix. 255, and x. 12. 
**Ann. de Chitn. xxxii. 3. 

   
  



CARBON. 
	 231 

tion of gases, bAliarcoal, has been made by M. Theodore Chap. III. 
de Saussure.* 	14is method was to heat the bit of charcoal 
red hot, to plunne it while in that state under mercury, and 
then to introdtWe it when cold into the gas to be examined. 

.--s...-1  

He always empltyed box wood charcoal. 	The following 
table exhibits the bulk of the various gases absorbed by a 
volume of charcoal reckoned one. 

• Volumes. 
Ammoniacal gas 	  90 
Muriatic acid 	  85 
Sulphurous acid     65 
Sulphureted hydrogen 	  55 
Nitrous oxide 	  40 
Carbonic acid 	  85 
Olefiant gas  	 35 •	 
Carbonic oxide  	9'42 
Oxygen . ....  	9'25 
Azotei'''' 	 7.5 

. 	Oxy-carlreted hydrogen t'. 	 .. 	5* 
Hydrogen 	1.75 

• 
The absorption of all these gases terminated at the end 

of 24 hours, and was not increased by allowing the charcoal 
to remain in contact with the gas. 	From Saussure's expe- 
riments it seems clear that this absorption of the gases, by 
charcoal, is analogous to the capillary attraction of liquids 
by very small tubes. 

When charcoal already saturated with any gas is put into 
another gas, it gives out a portion of the gas already ab- 
sorbed, and absorbs a portion of the new gas. 	The pro- 
portions wiry according to the relative absorbability of the 
two gases. 

4. There is a substance found native, in different parts 
of the world that possesses most of the properties of char- 
coal. 	This substance is known by the name of plumbago, 
graphite, black lead. 	It is employed for making pencils, for 
making crucibles, and for rubbing bright the surface of cast 
iron utensils. 	It serves likewise to diminish friction when 
interposed between rubbing surfaces. 	The finest speci- 

* Annals of Philosophy, vi. 241 and 331. 
t Gas from moist charcoal of the specific gravity 0.3326. 

Plumbago. 
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Book I. VI ens of this mineral are found in the cktiebrated mine of 
Division II. Bsrrowdale, in the county of Cumberlanii. 	This mine hai 
"'"--) been worked since the time of Queen Eliz ibeth, and is said 

to be the only one which supplies plumbago of sufficient 
purity to be made into pencils. 	Pencils of this substance 
existed in 1565, ac they are mentioned by Conrade Gesner 
,in his book on fossils published that year. 	But the nature 
of plumbago was first determined by Soheele in his experi-
ments on plumbago, published in the Memoirs of the Stock- 
holm Academy, for 1779. 	Dr. Lewis, indeed, had pre- 
viously made some considerable advances towards the results 
obtained by Scheele.* 

Plumbago is a mineral of a dark steel grey colour, and a 
metallic lustre; it is soft and has a greasy feel ; it leaves a 
dark coloured line when drawn along paper; it is a con- 
ductor of electricity. 	When kept red hot it gradually 
wastes away in the open air, and it burns with great sFicr.- 
dor when thrown into red hot saltpetre. 	- ' 	' 

Diamond. 5. The diamond is another substance 'which possesses 
many of the properties of charcoal, though it differs from 
it in others. 	It is the hartest and most beautiful of all the 
precious stones. 	Hitherto it has been found only in India 
and Brazil. 	It is always crystallized, and usually of a small 
size. 	The figure of its crystal is the octahedron, but the 
faces are usually curved, and the most common figure is a 
kind of 48 sided figure; 	the faces are curved, and the 
whole figure approaches somewhat to a sphere. 	Its spe- 
cific gravity is. about 3.5. 	It is a non-conductor of elec- 

• tricity. 
Combusti- 
ble ; This mineral was lonert, considered as incombustible. 	But 

Newton, from its property of refracting light so powerfully, 
conjectured that it was capable of burning. 	This conjec- 
ture was verified in 1694., in the presence of Cosmo III. 
Grand Duke of Tuscany. 	By means of a burning glass 
the Florentine Academicians consumed several diamonds.t 
In 1751, Francis I. Emperor of Germany, witnessed the 
destruction of several more diamonds in the beat of a fur-. 

* Philosophical Commerce of the Arts, p. 326. 
t Giornale de Litterati d'Italia, Tom. viii. Art. 9. 	The experiments 

were performed by Averani. 
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nace.* 	Thesed  xperiments were repeated by Darcet, Chap. 111: 
Rouelle, Macquei , Cadet, and Lavoisier, who proved that 

y 

the diamond war not merely evaporated but actually burnt, 
and that if Et.zr,jlias excluded it underwent no change. t 

'"'"Ne"'"I  

Mr. Lavoisier prosecuted these experiments with his 
usual precision ; burnt diamonds in close vessels by means 
of powerful burning glasies ; ascertained that, during their 
combustion, carbonic acid gas is formed ; and that in this 
respect there is a striking analogy between them and char-
coal, as well as in the affinity of both when heated in close 
vessels.$ 	A very high temperature is not necessary for the 
combustion of the diamond. 	Sir George Mackenzie ascer- 
tained that they burn in a muffle § when heated to the tem-
perature of lt° of Wedgewood's pyrometer; a heat con- 
siderably 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 iilKten covered with a „crust of charcoal, espe-
cially when they Ire consumed in close vessels by means of 
burning glasses." 

In 1785, Guyton-Morveau found that the diamond is 
combustible when dropped into melted nitre; that it burns 
without leaving any residuum, and in a manner analagous 
to charcoal.ft 	Mr. Smithson Tennant repeated this experi- 
ment with precision in 1797. 	Into a tube of gold he put 

c
‘,
/..enrieriu,  

acid. 

HO 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 afterwards separated from the lime and 
measured. 	It occupied the bulk in one experiment of 10.3 
ounces of water, and in another of 10.1: the mean is equal 
to 19•86 inches of carbonic acid, which have been ascer- 

• Das Neueste aus der enmuthigen gelehrsamkeit. 	Aus das Jahr, 
1751, S. 540. 

t Mem. Par. 1766, 1770, 1771, 1772. 
t Lavoisier's Opuscules, ii. as quoted by Macquer. 	Dict. i. 337. 
§ A muffle is a kind of small earthen-ware oven, open at one end, and 

limed into a furnace. 
II Nicholson's Quarto Jour. iv. 104. 
'''''' Maequer and Lavoisier. 	Macquet's Dict. Ibid. 
tt Encyc. Method. Chim. i. 742. 
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Book I. tamed to weigh nearly nine grains. 	But  dine grains of car- 
Division IL boric 	acid, by Lavoisier's experimentO• 	contain almost 

exactly 2.5 grains of carbon, which was ti'e original weight 
of the diamond.* 	Thus Mr. Tennant asceka'ned, that the 
whole of the diamond, like charcoal, is converted by com-
bustion into carbonic acid gas. 

""\f--1  

As the proportion of carbonic acid formed by the.com-
bastion of diamond is very nearly the same according 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 con- 
stituents. 	But when we consider the very different proper- 
ties of the two substances, we feel a strong repugnance to 
embrace this conclusion. 

The experiments of Lavoisier were repeated in 1800 by 
Morveau ; but his experiments were inaccurate, as was 
afterwards admitted by himself; his consequences. of coarse, 
are entitled to no attention. 	The comblvAion of the dia- 
mond in oxygen gas was repeated in 1F,77, with every re-
quisite precaution, by Messrs. .Allen and Pepys, and their 
results agree very nearly with those of Tennant.- 	It has 
been repeated still more lately by Sir H. Davy, with nearly 
the same result. t 	It seems, therefore, demonitrated that 
the diamond and charcoal are composed of every nearly 
the same basis. 

Combus- II. When charcoal is heated to about 800° in the open 
tim of car" bon. air it becomes red hot, and continues to burn (supposing it 

pure) till it is wholly consumed. 	But the air in which the 
• combusion has been carried on has altered its properties 

very considerably, for it has become so noxious to animals 
that they cannot breathe it without death. 	If small pieces 
of dry charcoal be placed u?on 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 con- 
sumed. 	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 quite 
different from oxygen. 	This new gas is easily detected by 

Carbonic letting up lime water into the jar : the lime water becomes 
acid. milky, and absorbs and condenses all the new-formed gas. 

• Phil. Trans. 1797, p. 123. 	t Ibid. 1807. 	Ibid. 1814, p. 552 
3 
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This new gas has '.4eceived the name of carbonic add. 	Air. Chap. lin 
Lavoisier ascertalhed, by a very laborious set of experi- 
nients, the it ish•recisely equal in weight to the charcoal 
and oxygeii'N&efich disappeared during the combustion. 

"--The d  

Hence he concluded, that carbonic acid is a compound of 
charcoal and oxygen, and that the combustion of charcoal 
is no,ibing else than its combination with oxygen.* 

Ct. As oxygen gas may be converted into carbonic acid gas 
by burning charcoal in it without undergoing any change 
of bulk ; it is obvious that we shall obtain the quantity of 
carbon contained in carbonic acid gas, by subtracting the 
specific gravity of oxygen from that of carbonic acid. 	By 
carbon is meant the pure basis of charcoal, free from all the 
hydrogen and earthy or metallic particles which charcoal 
usually contains. 	Now, according to the experiments of 
Arago and Biot, the specific gravity of carbonic acid gas is 
1'S1i;s5.t 	We shall consider the true specific gravity as 
1.527, whichdii-us very little from., the preceding estima- 
tion. 	The specif;:' gravity of oxygen gas is 1.111. 	There- 
fore carbonic acid is composed of 

Oxygen 1.111 	1.000 	7273 
Carbon 	(.).116 	0.375 	27.27 

100.00 
5. When chlorine is passed through charcoal, previously 

exposed to the strongest heat that can be raised in a fur-
nace, a portion of it is converted into muriatic aCid.t 
Hence it follows that charcoal, however carefully made, 
always contains a small portion of hydrogen from which it 
Cannot be freed by heat. 	Davy found that when charcoal 
or plumbago were burnt in dry oxygen gas, there was 
always an evident deposition of moisture.§ 	Hence it is 
obvious that plumbago, likewise, contains a minute quantity 
of hydrogen in its composition. 	When diamond is burnt 
nothing is formed but pure carbonic acid gas.II 

4. When a mixture of equal parts of iron filings and carb
i 
 onic  

chalk, both made previously as dry as possible, are ex- " e' 

11  Mem. Par. 1781, p. 448. 	-f Mem. de !Inst. 1806, p. 320, 
t Gay-Lussac and Thenard. 	Recherches Physico-Chim. ii. 98. 
§ Phil. Trans. 1814, p. 566. 	11 Davy, Ibid. 
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4)  

Book 1. posed to a red heat in an iron retort, there is disengaged a 
Division IL 
..___\,...._., great quantity of gas, consisting partly of carbonic acid, 

and partly of a species of heavy inflammable air. 	When 
the carbonic acid is separated by means of..13ne-:water, the 
inflammable gas is obtained in a state of great purity. . J..-- 

. was first procured by Dr. Priestley; but for our knowledge 
of its constituents and its properties, we are indebted to the 
ingenious experiments of Mr. Cruikshanks. 	Clement. and 
Desormes, Morveau and Berthollet, examined it also soon 
after with equal address and success. 	The name carbonic 
oxide gas has been given it by chemists, and Cruikshanks 
has shown that it is a compound of oxygen and carbon. 

This gas possesses the mechanical properties of air. 	Its 
specific gravity, according to Cruikshanks, is 0'956, that of 
air being P000. 	We shall consider its true specific gra- 
vity as 0'972. 	In that case 100 cubic inches of it will weigh 
29.652 grains, when the barometer stands at 3Q jnchea and 
the temperature is 60°. 	 ,t 

It burns with a deep blue flame and 6hves out but little 
light. 	When mixed with oxygen gas, and an electric spark 
passed through the mixture, it detonates : 100 measures of 
it require for complete combustion Igo measures of oxygen 
gas, and the product is 100 measures of carbonic acid gas.* 
Hence it follows that it contains just half the oxygen that 
exists in the same volume of carbonic acid gas. 	It is there-
fore composed of 

. Oxygen 	0'555 	 1'000 	 57'14 
Carbon 	 0'416 	 0'750 	 42'86 

• If we compare this table with that which exhibits the 
composition of carbonic acid, we shall find that the con-
stituents of these two bodies are in the following propor-
tions:  

Carbon. 	Oxygen. 
Carbonic oxide composed of . .. 0.75.+ 1 
Carbonic acid 	  0.75 + 2 

If, therefore, one denote the weight of an atom of oxygen, 
0'75 will be the weight of an atom of carbon; and carbonic 
oxide will be a compound of one atom carbon + one atom 
oxygen, and carbonic acid of one atom carbon + twQ 
atoms oxygen. 	 . 

• Gay-Lussac. Mem. d'AEcueil, ii. 218. 
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III. Carbon d64 not combine with chlorine; but chlo- Chap. III. 

rine has the props ty of combining with carbonic oxide, 
and of forming a goteous compound, which has received the 
name ofidliqfrias. 	It was discovered by Dr. John Davy, 
0 ,whom we are indebted for every thing at present known ,, respefting its properties.4 	The method of procuring it is 
as folPows. 

'''"Th.,---1  

Ipiii a glass flask, previously exhausted of air and well Phosgene 
dried, introduce equal volumes 	of carbonic oxide and 
chlorine gases, both well dried by being left in contact with 
fused chloride of calcium. 	Expose this.mixture to sunshine 
for about a quarter of an hour. 	The colour of the chlo- 
rine disappears, and the volume of the mixture diminishes 
one half. 	The new gas, thus formed, is phosgene gas. 

gas. 

It is colourless, and possesses the mechanical properties 
of common air. 	It possesses .a strong smell, which has been 
compared to what would be produced by a mixture of the 
odours of chlorine and ammonia. 	It is more disagreeable 
and suffocating thln that of chlorine,'''and affects the eyes in 
a peculiar manner, producing a rapid flow of tears, and 
occasioning painful sensations. 	It possesses the properties 
of an acid, reddening vegetable blues, and combining with, 
and neutralizing, four tianes its volume of ammoniacal gas. 

• 

When tin, zinc, antimony, or arsenic, are heated in this 
gas, they decompose it, absorbing the chlorine and setting 
at liberty the carbonic oxide. 	Water decomposes it, and 
converts it into muriatic acid and carbonic acid. 

As it is composed of equal volumes of chlorine and car-
bonic oxide gases, reduced to half their original bulk, it is 
obvious that its specific gravity must be equal to that of 
these two gases united together, or 3.472. 	So that at the 
temperature of 60°, and when the barometer stands at SO 
inches, 100 cubic inches of it weigh 10.5'896 grains. 	Iti 
constituents by weight, are, 

Chlorine. 	  2'5   4.5 
Carbonic oxide . 	 0.972 	 1.75 

That is to say, of one atom chlorine and one atom carbo- 
nic oxide, 	Or its composition may be thusistated : 

* Phil. Trans. 1812, p. 144. 
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Book I. Chlorine 	• 	4.41 
Division 0. 
--v....-.) Oxygen 	 1.0 , 

Carbon 	 0.7•i 
Or an atom of carbon united to an atonT1:43 blilorine, and 

an atom of oxygen. 	So that it is analogous to carbeq'Ad 
acid. 	Carbonic acid is a compound of one atom ca "bon, 
united to two atoms of a supporter. 	Phosgene gas •?q the 
same. 	Only there are two distinct supporters. 	The atom 
of chlorine in it replaces one of the atoms of oxygen in the 
carbonic acid. 	The term chloro-carbonic acid, or chloroxy- 
carbonic acid, would be applied to it with greater propriety 
than phosgene gas. 	Of these I consider the first to be the 
best. 

IV. Carbon has not the property of combining with iodine. 
It would be curious to know whether iodine be capable, 
like chlorine, of uniting with carbonic oxide, and of forming 
iodo-carbonic acid. 	Sir H. Davy tried the experiment,' but 
could not succeed in forming any combinAion.* 

V. Nothing is known respecting t11.6 combination of 
carbon and fluorine. 

VI. Carbon has the property of combining with azote, 
and of forming a curious compound, which was discovered 
by Gay-Lussac in 1815, and to tvhich he has given the 

Cranogen. name of cyanogen.f 	It is easily obtained by exposing dry 
prussiate of mercury in a small retort, to a heat rather under 
redness : the salt blackens, and a gaseous fluid is extricated 
in abundance : it must be received over mercury. 	This gas 
is cyanogen. 

• This gas is colourless, and possesses the mechanical 
properties of common air. 	Its smell is quite peculiar, and 
excessively strong and disagreeable. 	Its specific gravity as 
determined by Gay-Lussac .;s 1.8064. 	I am disposed to 
consider 1.8042 as the true number. 	On that supposition 
100 cubic inches of it, at the temperature of 60°, and when 
the barometer stands at 30 inches, will weigh 55.028 grains. 
It is inflammable, and burns with a purplish blue flame. 	It 
is not decomposed by exposure to a red •heat. 	Water 
dissolves 44. times its volume, and alcohol 23 times its 
volume of this gas. 	It reddens tincture of litmus. 	Phos- 
phorus, sulphur, and iodine, may be volatilized in it without. 

Phil. Trans. 1814, p. 504. t Ann. de Chin, xcv. 1?2• 
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alteration. 	Potass..ium burns in it and absorbs it. 	Tor chap, la.  
complete combustio it requires twice its volume of oxygen. .̀.--,es...0 
The products are twice its volume of carbonic acid, and its 
own volt6J.4agotic gas. 	Hence it is obviously composed 
n£ two volumes carbon and one volume azote, condensed ,..., 
intone volume, or by weight of 

Azote 	 0.9722 	 1°75 
"Carbon .. .. 	0.832   0'75 x 2 = 1%5 

Or of two atoms of carbon united to one atom of azote. 
VII. Carbon combines with hydrogen in two proportions, 

and forms two compounds which have received the names 
of olefiant gas and carbureted hydrogen. 	The terms hydrogu- 
ret of carbon, and bihydroguret of carbon, would be more 
Systematic. 

1. Olefiant gas was discovered in 1796 by the associated Olefiant 
Dutch chemists Bondt, Dieman, Van Troostwick, and gas' 
Lauwerenburg.* 	Some experiments were afterwards made 
upon it by Cruikshanks, Berthollet; and Dr. Henry; and 
its composition was accurately investigated by Mr. Dalton.. 
X published a set of experiments on it in 18114 	About the 
same time an analysis of it was published by M. Theodore 
de Saussure.$ 

It is easily obtained by mixing together in a retort four 
parts of sulphuric acid, and one part of alcohol, and apply-
ing the heat of a lamp while the beak of the retort is 
plunged into a water trough. 	A gas comes over in abun- 
dance, which may be received in glass jars inverted over 
Water. 

Olefiant gas, thus prepared, is invisible, and possesses the Properties 
mechaniall properties of common air. 	It is destitute both 
of taste and smell. 	Its specific gravity, according to my 
experiments, is 0'9745 ; § according to Saussure, it is 0'98524 

of. 

From theory its specific gravity should be 0.974, which 
almost agreeing with my determination, I shall consider as 
correct. 	Hence. at the temperature of 60°, and when the 

* Their Memoir was published in the Jour. de Phys. xlv. 178, and an 
abstract of it in the Ann. de Chim. xxi. 48. 

t Memoirs of the Wernerian Natural History Society, i. 504. 
I Ann. de Chim. lxxvii. 57. 
§ Memoirs of the Wernerian Society, i. 516. 
II Ann. de Chim. lxxviii. 63. 
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Book /. barometer stands at 80 inches, 100 cubic inches of it weigh 
Division it. ....—v—i 29.72 grains. 	This gas burns with gret.ter splendor than 

any other known gas, 	and detonates iery loudly when 
mixed with thrice its bulk of oxygen gas,.t.,r,i, in electrical 
spark is passed through it. 	It requires for its complg:4 
combustion three times its volume of oxygen gas, and:pro-
duces, when burnt, twice its volume of carbonic ,Acies  gas. 
The only other product is water. 	Now two of the th.zee 
volumes of oxygen gas must have gone to the formation of 
carbonic acid. 	The remaining volume must have gone to 
the formation .of water, and it must have combined with a 
quantity of hydrogen, which in an uncombined state would 
have amounted to two volumes. 	Hence (supposing each 
volume to be a cubic inch) olefiant gas is composed by 
weight of 

Carbon 	0.832 	. . . . 015 	. • . . 6 .. . . 100 	' 
Hydrogen 0.1388 . . . . 0.125 .. . . 1 .. .. 	16.66 

That is to say, it is composed of an atom of carbon, and 
an atom of hydrogen, united together. 

Water, according to the :experiments of Mr. Dalton, 
absorbs one twelfth of its bulk of olefiant gas.* 	According 
to Saussure, 100 cubic inches of water absorb 15.3 cubic 
inches of olefiant gas.i. 

Chloric 
ether. 2. When olefiant gas and chlorine gas'are placed in con-

tact with each other, a diminution of bulk takes place, and 
a liquid substance is formed which has somewhat 	the 
appearance of an oil, when the condensation takes place 
over water. 	The formation of this substance was first 
observed by the Dutch chemists, and it induced them to 
contrive the term olefiant  gas for the hydroguret of carbon. 
I examined this compound in 1810, and ascertained that it 
is a compound ofolefiant gas and chlorine.t 	Its properties 
and composition were still more accurately investigated in 
1816, by M. M,. Robiquet and Colin.§ 

It is formed by the union of equal volumes of ehlorine 
and olefiant gas. 	If a current of the two gases from sepa-
rate vessels meet in a large glass globular vessel, they com-
bine and form the liquid in question, which collects at the 

* Phil. Mag. xxiv. 15. 	t Annals of Philosophy, vi. 940. 
I Memoirs of the Wernerian Society, i. 516. 
§ Ann. de Chin. et Phys. i. 331, and ii. 206. 
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bottom of the globe. 	To render it pure there must be Chap.1II. 
rather an excess od olefiant gas. 	When there is an excess 

of chlorine,,,the liquid absorbs it, acquires a greenish colour 
and acid -ropes. 	But it may be rendered pure by wash- 

‘—"Y"'"/  

:,....!;r 'with a little water, and then distilling it off chloride 
of c,kium. 	It is limpid and colourless lik 	water, has an 
anoyet•ablt smell similar to that of muriatic ether, and a 
pe6uliar,' sharp, 	sweetish, 	agreeable taste. 	Its 	specific 
gravity at 45° is 1.2201, the specific gravity of water being 1. 
It boils at 1.12°. 	At the temperature of 49°, its vapour is 
capable of supporting a column of mercury 24.66 inches in 
length. 	The specific gravity of this vapour is 3.4434, that 
of air being 1. 	Now the specific gravity of chlorine and 
olefiant gas, added together, make 3'474. 	Hence it is 
obvious that this body is formed by a volume of chlorine 
and a volume of olefiant gas, condensed each into half its 
volume. 	Hence its constituents by weight are, 

Chlorine .. . , 2.5 	.... 	4.5 	I) 	.. .. 	100 
• Olefiant gas .. 0.974 	.... 0.875 X 2 . .. 	38.88 

Hence it appears, that it is a compound of one atom of 
chlorine, and two atoms of olefiant gas. 	Or its composition 
may be stated in this manner : 

Chlorine   1 atom 	= 4.50 	.. ... 18 
Carbon   2 atoms = 1.50 	.... 	6 
Hydrogen 	 2 atoms = 0'25 .. .. 	1 

This liquid burns with a green flame, giving out copious 
fumes of muriatic acid and much soot. 	It is decomposed 
by being passed through a red hot porcelain tube, and 
converted into muriatic acid, and an inflammable gas, con- 
taining hydrogen and carbon 	while a copious deposite of 
charcoal is made in the tube. 	The inflammable gas appears 
to contain no other contituent but carbon and hydrogen. 
The liquid is decomposed, likewise, when passed through 
red-hot oxide of copper. 

There is some reason for believing that the different 
substances called ,ethers consist of olefiant gas, united either 
to water, or to an acid, or to a supporter of combustion. 
Supposing this opinion well founded, the liquid just de- 
scribed ought to be called chlaric ether. 

3. From an experiment made by Sir H. Davy, there is 
vol. 1. 	 R 
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Book I. reason to suspect, that iodine combine; with olefiant gas. 
Division IL 
.._...„.....) 

A reddish brown volatile fluid was forned which did not 
possess acid properties.* 	It is not unlikAlly that this liquid . 

, is the same with regard to hydriodic eti.ep, Eiiti:. chloric 
ether is to muriatic ether. 	 irs."..ii'.: 

Carbureted 4. Carbureted hydrogen, or bihydroguret of caebonv- the 
hydrogen. other compound of hydrogen and carbon, is a gas.;ow,„sub-

stance which exhales in hot weather from stagnant wi.:,-er, 
especially ditches in the neighbourhood of towns. 	This 
gas was examined by Dr. Priestley and by Mr. Cruikshanks. 
But it was Mr. Dalton who first determined its composition 
with accuracy. 	I published a set of experiments on it in 
1811.t 

It may be collected by attaching a large glass phial to a 
piece of wood, so that it shall float on the surface of the 
stagnant water, with its month just under the surface. Into 
this mouth should be fixed a funnel (a piece of stout oiled 
paper will answer). 	Fill the phial with water, and set it. 
afloat with its mouth Undermost. 	Then stir the mud at the 
bottom of the pond or ditch. 	Air bubbles rise in abund- 
ance, and soon fill the phial. The gas, thus collected, should 
be washed with a solution of potash, or with lime waterr in 
order to separate a quantity of carbonic acid with which it 
is mixed. 	It usually contains, also, some common air. But 
I shall suppOse it pure in the following description. 

Carbureted hydrogen, thus obtained, is colourless, and 
possesses the mechanical properties of common air. 	It has 
neither taste nor smell. 	Its specific gravity is 0.555. Hence 
at the temperature of 60°, and when the barometer stands 
"at so inches, 100 cubic inches of it weigh 16'99 grains. 
When a jet of it issuing from a tube is kindled in the open 
air, it burns with a yellow flame, giving out a good deal of 
light. 	When mixed with oxygen gas, and when an electri- 
cal spark is passed through the mixture, it detonates with 
considerable violence. 	It does not burn unless the bulk of 
the oxygen rather exceeds its own bulk; and it ceases to 
burn when the oxygen is more than 21- times its own bulk. 
If we mix it with common air, it burns if it amounts to -A-th 
of the air, and it ceases to burn if it exceeds nth of the air. 

* Phil. 'Frans. 1814, p. 504. 
1' Memoirs of the Wwnerian Society, i. 506. 
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In all proportions between these two extremes, it burns with Chap. III. 
Violence. 	For complete combustion it requires twice its "'"\e--)  
volume of oxygen- gas, and produces exactly its own volume , 

\-)f carbdiiie fitie, gas. The only remaining product is water. 
....Y...6W;--4, is obvious that one half of the oxygen went to the 
fol..patam of carbonic acid, and the other half to the forma- 
tion of i  vater. 	This last portion must have combined with 
a,quantity of hydrogen which, if it had been in an uncom-
bined state, would have amounted to twice the volume of the 
original gas. 	Therefore carbureted hydrogen is composed 
by weight of 

Carbon .... 0'116 	.. .. 0'750 	.... 	3 
Hydrogen .. 0'0694 X 2 	.. .. 0'125 X 2 	.. .. 1 

Hence, it is evident that, in this compound there are 
united one atom of carbon and two atoms of hydrogen. 	It 
is, therefore, a bihydroguret of carbon. 

The gas which exhales in such abundance in some coal 
mines, and which has been long the read of miners, under 
the name of fire damp, is pure carbureted hydrogen. 	This 
was ascertained by Dr. Henry in 1807; * and Sir H. Davy, 
who repeated his experiments in 1815, came to the same 
concl usion. 'I' 

5. When moist charcoal, wood, pit-coal, or almost any 
or vegetable substance, is distilled in a retort, abund- 

ance of inflammable gases are extricated. 	They differ very 
much in their specific gravity, in the colour of their flame, 
and in the quantity of oxygen gas which they require for 
combustion, according to the degree of heat applied, the 
substance distilled, 	and the period 	of the distillation in 
which the gases are collected. 	Many experiments have 
been made on these gases, especially by Berthollet, Henry, 

Gas from 
vegetable ge 
bodie 

taste  
i  bodes 

Dalton, Saussure, and myself. 	They seem to be all mix- 
tures of two, three, or four gases, according to circum- 
stances. 	These gases are hydrogen, bihydroffuret of carbon, 
carbonic oxide, and hydroguret of carbon. 	on that account 
the term oxycarbureted hydrogen, which has been applied to 
them by Berthollet and Saussure, and by the French che-
mists in general, does not seem to be very appropriate, and 
is altogether unnecessary. 	That the gases in question are 

* Nicholson's Journal, xix. 149. 	t Phil. Trans. 1816, p. 1. 
R 2 
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Book I. mixtures is obvious from this circumstance,' that you never 
Division II. .........„......) find any two of them exactly like one another. 	They are 

perpetually varying in their specific gravity, and in the 
quantity of oxygen necessary to consume ft,...T.1:-.&-lw thiA3  
could not be the case if they were true chemical comre... 

From pit- The gas from pit coal, which is now employedi fbri3.11u- 
coal. urinating the streets and for lighting manufactures,t-ippars, 

from the experiments of Dr. Henry, to consist chieflikof 
bihydroguret of carbon, mixed with some hydroguret of 
carbon, and probably some carbonic oxide.* 	Mr. Mur- 
doch, of Birmingham, was the person who first thought of 

. this very useful application of coal gas. 
Affinity of 6. It is difficult to determine whether carbon or hydro- zba  for gen have the strongest affinity for oxygen. 	Their affinity 

for each other interferes, and promotes the decomposition of 
those bodies to which they are applied. 	When red-hot 
charcoal is plunged into water, the liquid is decompiised ; 
but bihydroguret of c1.rbon is formed, so that this is not a 
case of the simple displacement of hydrogen by carbon. 
Hydrogen has the property of decomposing carbonic acid 
gas at a red heat. 	But in this case, also, the phenomena 
are complicated ; for the acid is not completely decomposed, 
but merely reduced to carbonic oxide. 	The opinion at 
present entertained by chemists is, that hydrogen has a 
stronger affinity for oxygen than carbon has; 	but this 
opinion is not supported by any facts that can be considered 
as decisive. 

SECT. III. 

OF 131IRON. 

History. THE saline substance called borax has been long familiar 
to European artists, being employed to facilitate the fusion 
of the precious metals, and in the formation of artificial 
imitations of the precious stones. 	It comes from the East 
Indies, and is said to be found chiefly in certain lakes in 
Thibet and China. 	The word borax occurs first in the 
writings of Geber, an Arabian' chemist of the tenth century. 

* Nicholson's Journal, xi. 73. 
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In the year 1702, Homberg, by distilling a mixture of Chap. III. 
borax and green vitriol, obtained a peculiar substance in `""y"."1  

-, „Sib all wkite,shining plates, which he called sedative or narcotic 
\' ,11t, ayfi whfal/was considered as an efficaceous remedy in 
?24fiFPFd fevers.* 	Leinery, the younger, in the year 1727, 
foulql tl ,̀,tt this substance could be separated from borax by 
the 	rnir,  ral acids. t 	In 	1731, Geofroy ascertained that 
seuative salt gave a green colour to the flame of alcohol, and 
that borax contains in it the same alkaline substance that 
constitutes the basis of common salt.$ 	In the year 1752, 
Baron demonstrated by satisfactory experiments, that borax 
is composed of sedative salt and soda.§ 	Sedative salt was 
found to possess the properties of an acid : it was therefore 
called borcaic acid: 	But the composition 	of this acid 
remained altogether unknown. 	Crell, indeed, published a 
set of experiments on it in the year 1800, in which he 
endeavoured to show, that its basis was a substance very 
similar to charcoal in its properties.11, 	But when his experi- 
ments were repeated by Sir H. Davy, they did not succeed. 
Davy, in the year 1807, exposed a quantity of boracic acid 
to the action of the galvanic battery, and observed that a 
black matter was deposited upon the negative wire, which he 
considered as the basis of this acid, but he did not prosecute 
the discovery 'farther at the time. 	In the summer of 1808, 
MM. Gay-Lussac and Thenard succeeded in decomposing 
this acid by heating it in a copper tube along with potassium. 
They examined the properties of its base, to which the name 
of boron has been given, and published a detailed account of 
its properties." 	Davy, in 1809, decomposed the acid by 
the process of the French chemists, and published, likewise, 
an account of the properties of boron.t± 	Boron may be 
obtained by the following process. 

1. One part of pure boracic acid, previously melted and Prepara- 
reduced to powder, is to be mixed with two parts of potas- ti°11.  

. sium tt and the mixture put into a copper, or iron tube, and 

" Histoire de l'Acnd. 1702, p. 50. 	f Mem. Par. 1728, p. 27S. 
I Mem. Par. 1732, p. 398. 	 § Sevens Etrangers, ii. 412. 
fl Ann. de Chim. xxxv. 202. 	** Mem. d'Arcueil, ii. 311, and 

afterwards in Recherches Physico-chimiques, i. 276. 
ft Phil. Trans. 1809. 
II A metallic body re be described in a subsequent section of this 

chapter. 
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Book I. gradually heated till it is slightly red, and kept in that state 
Division ii. for some minutes. 	At the temperature of 300°  the decom- 

position begins, and the mixture becomes intensely red hot, 
as may be 'perceived by making the experii-2.9iii - iri-,a glas" 
tube. 	When the tube is cold, the matter in it i%;•;to'A..:. 
washed out with water, the potash formed is to beknekilfa-
lized with muriatic acid, and the whole thrown upof--. a Eiter. 
The boron remains upon the filter. 	It may be washed grid 
dried in a moderate heat.* 	Boron, thus prepared, possesses 
the following properties.* 	• 

Properties. 2. It is a powder of an olive brown colour, without 
either taste or smell. 	In close vessels it may be exposed 
to the most violent heat that can be raised, without un-
dergoing any other change, except an increase of den- 
sity. 	When first prepared it does not sink in sulphuric 
acid of the density 1•844.; but after being thus exposed to a 
violent heat, it sinks rapidly in that acid. 	It is insoluble in 
water, alcohol, ether, apd oils, whether cold or hot. 	It does 
not decompose water even when heated in that liquid to the 
temperature of 176°. 	Probably at a red heat the decompo- 
sition would take place. 	Boron is a non-conductor of 
electricity. 

3. Boron is not altered in common air, or oxygen gas, at 
the ordinary temperature of the Atmosphere ; 	but when 
raised to a heat not quite so high as 600°, it takes fire and 
burns with great splendour, absorbing at the same time 
oxygen. 	By this combustion, a portion of the boron is 
converted into boracic acid, which undergoing fusion coats 
the boron, and keeping it from coming in contact with the 

Boracic 
acid' 

Oxygen, puts an end to the combustion. 	If this boracic acid 
be washed off, the boron will burn again, but requires a 
higher temperature. 	A great. number of successive combus- 
tions and washings are requisite, in order to convert the 
whole of the boron into boracic acid. 	Several experiments 
have been made to determine the quantity of oxygen which 
combines with boron, and converts it into boracic acid ; but 

* A better way of obtaining it is to put the /;quid containing the 
boron into a glass vessel, to allow the boron to subside, and then to 
draw off the liquid with a syphon. 	Water is then to be poured on, the 
boron allowed to subside, and the liquid again drawn off. 	This process 
is repeated till tlit, water comes off quite clear. 	The boron may now be 
put into a glass capsule, and dried by a moderate heat. 
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none of them seem entitled to much confidence. 	Gay-Lus- Chap. III 
sac and Thenard acidified a portion of boron by heating it "—Y.-1  

\ in' nitric acid. 	Five parts of boron, by this process, were 
',"Invert 5d into 7'5 parts of boracic acid.* 	According to 
,... qi.:4ement, boracic acid is composed of 

.... 	.; 

	

1 	Boron 	.... 100   2 

	

r 	Oxygen .... 	50   1 

But they do not put much confidence in its accuracy. 
Davy found that when 30 grains of potassium were con-

verted into potash 2375 grains of boron were evolved.t 
Now 30 grains of potassium require six grains of oxygen 
to convert them into potash. 	If we suppose the whole of 
this to have been in combination with the boron, it will 
follow that boracic acid is composed of 

. 	Boron 	2'375 .. .. 2 
Oxygen 6 	.... 5'05 .,, 

• The difference between this and the preceding result is 
enormous. But it is obvious that this mode of experimenting 
is liable to great uncertainty. 	As hydrogen gas is given out 
during the decomposition of the boracic acid by potassium, 
it is clear that all the oxygen in the potash was not derived 
from the decomposed acid. 	Besides it is very unlikely that 
the whole of the boron could be collected and weighed. 
Davy found that one grain of boron when converted into 
boracic acid absorbed 5'125 cubic inches of oxygen gas.$ 
Now 5.125 cubic inches of oxygen gas weigh P74 grain. 
According to this estimate boracic acid is composed of 

Boron 	1 	.... 2 
Oxygen P74., .... 3'48 

This mode of experimenting is probably better than the 
preceding, but the experiment was made on so small a 
scale, and agrees so ill with the two others just stated, that 
we cannot put full confidence in it. 

There is another method by which we can acquire 

Recherches Physico-chimiques, i. 307. 
j Davy's Lecture on some new Analytical Researches on the Nature 

of certain Bodies, p. 43. 	Phil. Trans. 1809. 
t Ibid. p. 44. 

2 
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Book I. tolerably correct ideas respecting the proportion cf the 
Division Il• 
......,...-d constituents of this acid. 	Berzelius ascertained * by expe-

riment, that boracic acid and ammonia combine with each 
other in the portion of 	 ,- - -‘• 

Boracic acid 37.95 
Ammonia 	30'32 

Now the weight of an atom of ammonia is 2'125; atie..,iil 
neutral compounds one atom of ammonia is found united 
to one atom of 	acid. 	But 30.32: 37•95 :: 2.125: 2'66. 
So that 2'66 represents the weight of an atom of boracic 
acid. 	This acid is a compound of boron and oxygen, and 
it must consist of one atom boron, united either to one or 
to two atoms of oxygen. 	From the observations of Davy 
there is reason to conclude that the black matter which ap-
pears when boron is imperfectly burnt is an oxide of boron. 
In that case boron in boracic acid must be combined with 
two atoms of oxygen. 	But the weight of two atoms of 
oxygen is two. Theref6re boracic acid must be composed of 

Boron 	0'66 	.... 0•33 .... 	1 
Oxygen 2'00 .... 	1•00 .... 3 

This deduction, which is probably near the truth, agrees.  
- best with the first experiment of Davy. 	'We see from it 
that the weight of an atom of boron is 0.66.t 	The prin- 
cipal source of uncertainty is the difficulty of making a 
correct analysis of borate of ammonia. 	But from the pre- 
cautions taken by Berzelius, there is reason to believe that 
the error must be inconsiderable. 

Chloride. 4. When boron is introduced into chlorine gas, it takes 
fire and burns with a brilliant white flame. 	A white sub- 
stance coasts the vessel in which the experiment is made, 
and the boron is covered with a white .substance, which 
by washing yields boracic acid. I 	It is probable that the 

* Annals of Philosophy, iii. 57. 
t From the composition of hydrate of boracic acid (which will be 

given when treating of that acid) compared with that of borate of am-
monia, there is reason for believing that the true weight .of an atom of 
boracic acid is 2.875. 	Hence an atom of boron weighs 0.875, and bo- 
racic acid is composed of 

Boron 	0875 	 100 
Oxygen 2.   228.57. 

t Davy's Lecture on some new Analytical Researches on the Nature 
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substance thus formed is a chloride of boron. 	But it has not Chap. III. 
hitherto been examined. %......v.....i 

5. We do not know whether boron be capable of com- 
`-; 'pinina eA;ith iodine; no experiments having been hitherto 

In4 ...f..14,in the subject. 
6, 11 ron has the property of combining with fluorine, 

and of itOrming with it a powerful acid to which the name 
of fluotoric acid has been given. It was discovered by Gay- 

Fluoboric 
acid. 

Lussac and Thenard in 1808, who published a detailed 
account of its properties.* 	Some additional facts respect- 
ing it were afterwards published by Dr. John Davy.t 	It 
may be procured by the following process. 

Mix together in a retort one part of finely pounded 
fused boracic acid, two parts of fluor spar in powder, and 
12 parts of sulphuric acid. 	Apply the heat of a lamp. 	A 
gas comes over which must be collected over mercury. 	It 
is fluoboric acid gas. 	For this process we are indebted to 
Dr. John Davy. • 

Fluoboric acid thus obtained is colourless, and possesses properties 
the mechanical properties of common air. 	Its smell is si- 
milar to that of muriatic acid, and it has an. exceedingly 
acid taste. 	It instantly gives a red colour to vegetable blues. 

of. 

Its specific gravity, as determined by Dr. Davy, is 2.3709. 
Hence at the temperature of 60°, and when the barometer 
stands at 30 inches, 100 cubic inches of it weigh 72.312 
grains. 	Water, according to Dr. Davy, absorbs 700 times 
its volume of this gas. 	The liquid thus obtained is of the 
specific gravity 1.77. 	Hence it follows that a cubic inch of 
water when saturated with this gas is expanded to 1.697 
cubic inch. 	This liquid acid has a certain degree of vici- 
dity, similar to that of sulphuric acid; and, like it, requires 
a high temperature to cause 4 to boil. It smokes at first, and 
gives out about the fifth part of the gas which it con-
tains, but no more, when heated; like sulphuric acid it 
chars animal and vegetable substances. 	It forms also an 
ether when distilled with alcohol. 	It combines with the 
different bases, and forms salts called fluoborates. 	It may 

of certain Bodies, p. 41, Phil. Trans. 1809. 	Gay-Lussac, and Thenard 
affirm that boron does not burn in dry chlorine gas. 	Recherches phy- 
sico-chimiques, i. 303. 	Is this difference to be ascribed to the presence 
of water in Davy's chlorine ? 	I can hardly believe it. 

* Mem. d'Arcueil, ii. 317. And Recherches physico-chimiques, ii. 37.  
t Phil. Trans. 1812, p. 365 
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Book 1. be  passed over red hot iron without undergoing any change. 
Division it. But potassium burns in it and appears to be converted into 
"—"--1  fluoride of potassium, while boron is disengaged. 	Sulphu-, 

ric acid has the property of absorbing it in con's,:derabV; 
quantities. 	 ,..2.1..,, .  

7. Davy did not succeed in his attempts to uni(,e bozon. 
with azotic gas.*  

Borureted 8. He was equally unsuccessful when he heated boron in hydrogen. hydrogen. 	But Gmelin appears to have obtained borureted 
hydrogen gas by the following process. 	He mixed toge- 
ther four parts of iron filings and one part of boracic acid, 
and exposed the mixture to a strong heat for half an hour 
in a crucible. 	The fused mass was dissolved in diluted mu- 
riatic acid. 	An effervescence took place, and borureted 
hydrogen gas was extricated.t 	This gas had the smell of 
common hydrogen gas from iron, mixed with somewhat of 
the smell of garlic. 	When kindled it burned with a. red- 
dish yellow flame surrounded by a green border, and white 
fumes made their appearance in the vessel in which the 
combustion took place. 	These were the only characters 
by which the presence of boron was indicated. 	Gmelin 
neither determined the specific gravity of the gas nor made 
an analysis of it. 	His experiments therefore are sufficient 
only to show us that borureted hydrogen gas may be formed. 
His gas seems to have been pure hydrogen, mixed with 
only a small proportion of borureted hydrogen. 

9. Boron, as far as we know at present, does not combine 
with carbon. 

Union with 
metals. 10. Descotils / -has shown that it combines with iron, and 

his experiments have been verified by Gmelin. § 	Davy has 
found that it has the property of combining with potas- 
sium, I1 and forming a grey metallic mass. 	But as far as 
the . experiment has been hitherto tried, it does not unite 
with any of the other metals. 

11. Its affinity for oxygen appears to be greater than 
either that of hydrogen or carbon. 	Accordingly at a red 
heat it decomposes water and carbonic acid. 	Indeed it has a 
stronger affinity for oxygen than any of the acid 	able bases, 

4  Davy's Lecture on some new Analytical Researches on the Nature 
of certain Bodies, 1). 42, Phil. Trans. 1809. 

-h Schweigger's Journal, xv. 246. 	• 
Recherches Physico-chiiniques, i. 306. 

§ Schweigger's Journal, xv. 245. 	II Davy, ubi supra, p. 45. 
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unless silicon constitute an .exception. 	Accordingly It se- Chap.III. 
parates oxygen from all of them when assisted by a suffi- L—v-1  

„ciently high temperature. 

SECT. IV. 
OF SILICON. 

THERE is a rock, which occurs in great abundance in the 
primitive mountains, sometimes forming imtnense beds, or 
even whole mountains : sometimes mixed with other stony 
bodies, as in granite. 	This rock is known by the name of 
quartz. 	As this stone and several others which resemble 
it, as flint, 	calcedony, &c. have the property of melting 
into a glass when strongly heated with potash or soda, they 
were classed together by mineralogists under the name of 
vitrisable stones. 	Mr. Pott, who first described the pro- 
perties of these minerals in 1746, „gave them the name of 
silicious stones, supposing them all chiefly composed of a 
peculiar earth called siliceous earth or silica. 	This earth 
was known to Glauber, who describes the method of ob- 
taining it from quartz. 	But it was long before its proper- 
ties were accurately ascertained. 	Geoffroy endeavoured to 

History. 

. 

,prove that it might be converted into lime,* and Pott, t 
and Baume, t that it might be converted into alumina : 
but these assertions were refuted by Cartheuser, § Scheele, H 
and Bergman." 	To this last chemist we are indebted for 
the first accurate description of the properties of silica.tt 

I. Silica is the most common ingredient in stony bodies, 
and exists in them, combined with various earths and me-
tallic oxides. Mr. Smithson It suggested that in these com-
pounds the silica performs thl function of an acid; an opi-
nion which has been demonstrated in a satisfactory man- 
ner by Berzelius.§§ 	It is easily obtained pure by fusing 
quartz or flint with twice its weight of potash in a silver 
crucible, dissolving the compound formed in water, super- 

' Mem. Par. 1746, p. 286. 	t Lithogeogn. p. iii. Preface. 

silica. 

I Man. de Chim. 	§ Miner. Abb. 	11 Scheele, i. 191. 
Sur les Torres Geoponiques; Opusc. v. 59. 	ff.  Ibid. ii. 26. 

It Phil. Trans. 1811, p. 176. 
§§ Attempt to establish a pure Scientific System of Mineralogy, p.  

27, and the sequel. 
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Book I. 
Division ri. ....—v—...0 

saturatincr
r' 
 the liquid with muriatic acid, and evaporating it 

slowly to dryness. 	When concentrated to a certain extent, 
the liquid assumes the form of jelly. 	The dry residue is 4_ 
be well washed with water and then dried. 	zst 

It is a white powder, without taste or smell ; but=d:e•eiltig 
gritty between the teeth. 	It is not sensibly solublem water, 
owing to its great cohesive power. 	But when the com- 
pound bf silica and potash is dissolved in water, and di-
luted with a sufficient quantity of that liquid, the silica 
cannot be precipitated from it by any addition of acid : 
showing that in this state of division it is in reality soluble 
in water. 

Decompo- 2. Sir H. Davy, after having succeeded in decomposing 
sition of. the fixed alkalies and alkaline earths by the action of the 

galvanic battery, was naturally led to try the effects of the 
same powerful agent upon silica. 	But his experiments 
were not attended with success.* 	But the analogy between 
silica and other bodies 	oxygen is so great, that ,containing 

• it was universally considered as a compound of oxygen and 
a combustible base. 	Berzelius succeeded in separating this 
basis from silica, and uniting it to iron ; t and his experi-
ments were successfully repeated by Professor Stromeyer.I 
About the end of 1813, Sir H. Davy succeeded in obtain-
ing the basis of silica in a separate state, although he was 
not able to collect it and examine its properties in detail. § 
The base of silica has been usually considered as a metal, 
and called silicium. 	But as there is not the smallest evi-
dence for its metallic nature, and as it bears a close re-
semblance to boron and carbon, it is better to class it along 
with these bodies, and to give it the name of silicon. 

3. Davy decomposed silica, by passing potassium in ex- 
cess through it in a platinum tube. 	The potassium was 
converted into potash, through which was scattered the 
silicon under the form of a dark-coloured powder. 

Properties 4. Silicon seems capable of bearing a very high tern- 
of silicon. perature without undergoing any change. 	In this respect 

,. 
• Phil. Trans. 1808. 
I Afliandlingar i Fysik, Kemi och Mineralogi, iii, 117. 	Published 

in 1810. 
I Gilbert's Annalen, xxxvii. 335 and xxxviii. 321. 	Published in 1811. 
§ Phil. Trans. 1814, p. 67. 
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it. resembles boron and carbon. 	Potash seems to dissolve Chap. III. 
asportion of it, and the solution acquires an olive colour. '-'—v-1  

.Silicon has the property of decomposing water, and of being 
,cnnvertK3 into silica when it comes in contact with that 
ladwly:..! Hence it was impossible to wash off the potash and 
obtain it in a separate state. 

5. Silk.on readily unites with oxygen, and is converted Composi- 
into onof silica. 	The object of the experiments of Beizelius and , 
Stromeyer was to determine the quantity of oxygen whim 
exists in silica. 	They mixed together iron filings from the 
purest iron that could be procured, silica, and charcoal,* in 
the proportions of 3 iron, 1.5 silica, and 0.66 charcoal. This 
mixture was put into a covered crucible, and exposed for 
an hour to the greatest heat that could be raised in a blast 
furnace. 	By this means a combination of iron, silicon, 
and carbon, was formed. 	It was in the state of globules 
that had undergone complete fusion. 	When freed from 
the charcoal they were white and,, ductile, unless when 
they contained a great proportion of carbon. 	When dis- 
solved in muriatic acid they gave out a greater proportion 
of hydrogen gas than the same weight of pure iron would 
have furnished. 	A substance remained undissolved, which 
retained the form of the globules, and which was silica, still 
mixed with some iron and carbon, from which it was sepa-
rated by repeated calcination and digestion in muriatic 
acid. 	According to Stromeyer's experiments, the globules 
containing most silicon were composed of 

sth ea. 

. 

Iron 	35•3528 
Silicon 	9.2679 
Carbon 	5'3793 

110.0000 
and the globules that contained the least silicon where com-
posed of 

Iron 	96'1780 
Silicon 	2'2121 
Carbon 	1.6096 

100.00001' 

* Stromeyer used lamp black to get rid of the alkali which charcoal 
contains. 	 f Gilbert's Annalen, xxxviii. 330. 
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Book I. 	The specific gravity of the iron was considerably reduced 
Division✓II. by combining it with silicon. 	The specific gravity of 411c ....v...., 

iron employed by Stromeyer was 7'8285. 	The .specific,  
gravity of the alloy was never higher than 7.3241, iwr low:Jr 
than 6.7777. 	Its specific gravity was inversely as t-k-..eskieo= 
portion of silicon which it contained. 

There could be no doubt, that in the alloy the silicon 
existed in a state of purity ; but when the compound was 
dissolved in muriatic acid, the silicon combined with oxygen 
and was converted into silica. Both Berzelius and Stromeyer 
endeavoured to determine the quantity of oxygen which 
unites with silicon, and converts it into silica, by decom-
posing a given weight of the alloy, and then weighing each 
of the constituents separately. 	The excess of weight was 
considered to be the oxygen which had united with the 
silicon. 	This method would answer, if these experiments 
could be performed with rigid accuracy. 	But where an 
error amounting only to a small fraction of a grain would 
make a very material difference in the result, it is impossible 
to have much confidence in the conclusions. 	According to 
the experiments of Berzelius silica is composed of 

Silicon 	.. 54'66 to 52.25 	.. .. 53.455 	.. .. 100 
Oxygen .. 45.31 to 47'75 	.. .. 46'555 	.... 	87'09 

100.00 	100'00 	100'000 
According to Stromeyer, silica is composed of 

Silicon 	.. .. 46'0069  	100 
Oxygen .. .. 53.9931   117'4 

100.0000 
The mean of these two set?. of experiments gives us silica 

composed of 
Silicon   100 
Oxygen 	• 	102.245 

Davy found that more than three parts of potassium were 
required to decompose one part of silica.*. 	If we could be 
certain, that the whole of the oxygen that converts the po-
tassium into potash is derived from the silica, it would fol- 

Phil. Trans. 1819, p. 67. 
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low fiom this experiment, that 100 parts of silica contain at Chap. III. 
least 60 of oxygen. 	Upon the whole, I conceive, that at 
present we may consider silica without any material error, 
s contrining exactly half its weight of oxygen. 	From the 

at-Aogy of carbonic acid and boracic acid, it is not improba-
ble, that it consists of one atom of silicon united to two 
atoms of oxygen. 	In that case an atom of silicon would 
weigh two. 	But the natural silicates point out two as the 
weight of an atom of silica. 	Therefore silica must contain 
only one atom of oxygen, and an atom of silicon can weigh 
only one. 

6. Nothing is known respecting the action of silicon on 
chlorine and iodine. 	No experiments having been hitherto 
made on the subject. 

7. Silica has the property of combining with fluorine, 
and of forming a compound, which has received the name 
of silicatedfluoric acid. 	But the term fillosilicic acid being 
more systematic, and being preferablie in other respects, we 
shall make choice of it. 

'N.e---)  

Fluosilicic 
acid. 

• 

Fluosilicic acid was first discovered by Scheele.* 	It was 
afterwards obtained in the gaseous state by Dr. Priestley, 
and many of its properties investigated.- 	A valuable set of 
experiments was published on it in 1812, by Dr. John 
Davy.$ 

To obtain,  this gas we have only to put a mixture of equal 
quantities of pounded fluor spar and glass into a retort, and 
to pour over it sulphuric acid in sufficient quantity to con- 
vert the whole into a paste. 	On the application of a gentle 
heat, the gass comes over in abundance, and may be col-
lected in glass jars standing over mercury. 

Fluosilicic acid gas is colourless, and possesses the me- Properties 
chanical properties of common air. 	It has a smell similar 
to muriatic acid, a very acid taste, a id occasions a white 
smoke when it is allowed to escape into the atmosphere. 

of. 

It changes vegetable blues to red. 	No animal can breathe 
it, and no combustible will burn in it. 	Its specific gravity 
as determined by the experiments of Dr. John Davy is 
3'57354 	Hence at the temperature of 60°, and when the 

Scheele's Memoires de Chitnie, i. 24. 	t Priestleybn Air, ii. 339. 
t Phil. Trans. 1812, p. 352. 	§ Phil. Trans. 1812, p.351. 
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Book I. 
Division II %,. .v_., 

barometer stands at 30 inches, 100 cubic inches of it Weigh . 108.992 grains. 	 —0. 
Dr. John Davy found that water was capable of absorb- 

ing 263 times Its bulk of this gas. 	But as water .has the 
property of decomposing it and of precipitating siliCa, thi4 
circumstance doubtless diminishes the action of the liquid. 
From other circumstances, he concludes that water absorbs 
as much of this gas as of muriatic acid gas. 	In that case 
water will be capable of absorbing 515 times its bulk of 
this gas. 

Dr. J. Davy analysed this gas by passing it into liquid 
ammonia, which has the property of throwing down the 
whole of the silicon that it contains in the state of silica. 
From 40 cubic inches of the gas, he procured 27.2 grains of 
silica. 	Now 40 cubic inches weigh 43.597 grains. 	Hence 
he concluded that the gas is composed of 

Composi- 
tion. 

Silica  	27'2 	• . .. 	62.1 	.... 	165'88 
Fluoric acid   i6.397 	.... 37'6 	.... 	100*00 

But if this acid be a compound of silicon and fluorine, 
as has been rendered probable by Sir H. Davy, then in 
order to have its composition, we must subtract the ox-
ygen from the silica, and add it to the fluoric acid, in 
order to convert it into fluorine, 	The acid will then be 
composed of 

Silicon ..  	13'6  	100 
Fluorine 	 29•997   220*6 

• If the weight of an atom of silicon be a little less than 
one, and that of fluorine a little more than two, as is pro-
bably the case, it will follow from this analysis, that fluo-
silicic acid is a compound of one atom of silicon and one 
atom of fluorine. 

When 	fluosilicic 	acid 	gas 	comes 	in 	contact 	with 
water, it is absorbed by that liquid, 	and at the same 
time 	deposites a portion of its silicon 	in the state of 
silica. 	From the experiments of Dr. J. Davy 	it ap- 
pears 	that 	44 cubic inches of the gas when thus ab- 
sorbed 	by water deposit 7.33 grains of silica, 	equiva- 
lent to 3.665 grains of silicon. 	Now 44 cubic inches 
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of fluolilicic acid gas weigh 67'956 grains, and must be com- Chap. III. 
posed of L...v.......0 

Silicon 	 11'96 
Fluorine 	 32'996 

47'956 

Hence the acid portion absorbed by the water must be com-
posed of 

Silicon   11'295   100 
Fluorine 	.... 32'996   292'1 

Which perhaps may be two atoms of silicon united to three 
atoms of fluorine. 	But on this obscure subject nothing 
better than conjecture can be at present offered. 

SECT. V. 
D 

• OF PHOSPHORUS. 

PHOSPHORUS may be procured by the following process : Method of 
Let a quantity of bones be burnt, or, as it is termed in che- PprheoPsaprhi nc! 
Inistry, calcined, till they cease to smoke, or to give out any 
odour, and let them afterwards be reduced to a fine powder. 

rus. 

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 addi- 
tion) 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 then with a glass or porcelain rod..to 
enable the acid to act upon the Towder.t 

The whole is now to be poured on a filter of cloth ; the 
liquid which runs through the filter is to be received in a 
porcelain bason; and the white powder which remains on 
the filter, after pure water has been poured on it repeatedly, 
and allowed to strain into the porcelain bason below, being 
of no use, may be,thrown away. 

. The copious emission of air-bubbles is called in chemistry effer- 
vescence. 

t Fourcroy and Vauquelin, Mem. de l'Inst. ii. 282. 
VOL. I. 	 s 

   
  



058 SIMPLE COMBUSTIBLES. 

Book I. Into the liquid contained in the porcelain bason, I  which 
DilisimIll' ..—....—..., has a very acid taste, nitrate of lead,* dissolved in water,,_ is • to be poured slowly; a white powder immediately 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, allowed to dry, and then 
mixed with about one-sixth of its weight of charcoal pow- 
der. 	This mixture is to be put into an earthenware retort. 
The retort is to be put into a furnace, and the beak of it 
plunged into a vessel of water, so as to be just under the 
surface. 	Heat is now to be applied gradually till the retort 
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 the appearance of melted wax, 
and which congeals under the water. 	This substance is 
phosphorus. 

History of 
its disco-
very. 

It was accidently 'discovered by Brandt, a chemist of 
Hamburgh, in the year 1669,1 as he was attempting to 
extract from human urine a liquid 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 immediately 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 phosphorus 
publicly 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 process, 
being vexed at the treacherous conduct of his friend, at-
tempted to discover it himself; and about the year 1674 lie 
succeeded, though he only knew from Brandt that urine 
was the substance from which phosphorus had been pro- 

* 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, Ann. de Chim. xii. 15. 
and Phil. Mag. xx. 160. 

t Homberg, Mein. Par. x. 84. 	An account of it is published in the 
Philosophical Transactions for 1681, first by Sturinius, and then by Dr. 
Shire. 
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cured.* 	Accordingly he is always reckoned, and deservedly Chap.111. 
too... as one of the discoverers of phosphorus. 	 1/4.-7.v.......• 

Boyle likewise discovered phosphorus. 	Leibnitz indeed 
affirms, that Kraft taught Boyle the whole process, and 
Kraft declared the same thing to Stahl. 	But surely the 
assertion of a dealer in secrets, and one who 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 greatest philoso-
phers, but likewise one of the most virtuous men of his age ; 
and he positively assures us, that he made the discovery 
without being previously acquainted with the proeess.t 

Mr. Boyle revealed the process to his assistant Godfrey 
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 phosphorus. 
Other chemists, indeed, had attempted to produce it, but 
seemingly without success,§ till in 1737 a stranger appeared 
in Paris, and offered to make phOsphorus. 	The French 
government granted him a reward for communicating his 
process. 	Hellot, Dufay, Geoffroy, and Duhamel, saw him 
execute it with success; and Hellot published a very full 
account of it in the Memoirs of the French Academy for 
1737.11 

It consisted in evaporating putrid urine to dryness, beat-
ing the inspissated residue to redness, washing it with water 
to extract the salts, drying it, and then raising it gradually 
in stoneware 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 devoted himself at a very early period 
to the investigation of phosphorus, soon after published a 
much more expeditious 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 inspissated 

* This is Kunkel's own account. 	See his Laboratorium Chymicum, 
ip. 660. 	See also Wiegleb's Geschichte des Wachsthums and der Erfin- 
dungen in der Che'mie, vol. i. p. 41. 

t boyle's Works abridged by Shaw, iii. 174. 
I See Hoffinan's experiments on it, published in 1722 in his Observat. 

Phys. Chym. Select. p. 304. 
§ Stabl's Fundament. Chym. ii. 58. 	fl Mem. Par. 1737, p. 344. 

9 2 
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Book r. urine. 	He even found that urine contained a peduliar 
Division II. salt," which yielded phosphorus when heated with charcoal 

In the year 1769, Gahn, a Swedish chemist, discovered 
that phosphorus is contained in bones; $ and Scheele, very 
soon after, invented a process for obtaining it from them. 

"Thr-d  

' Phosphorus is now generally procured in that manner. 
The process described in the beginning of this Section is 
that of Fourcroy and Vauquelin. 	The usual prodess fol-
lowed by manufacturers of phosphorus is an improvement 
on that of Scheele. 

Soon after the discovery of phosphorus, many experi- 
ments on it were made by Slare and Boyle. 	Hoffman pub-
lished a dissertation on it, containing some curious facts, in 
1722; but Margraf was the first who investigated its effects 
upon other bodies, and the nature of the combinations which 
it forms. 	The subject was resumed by Pelletier, and con- 
tinued with much industry and success. 	Lavoisier's experi- 
ments were still more important, and constitute indeed a 
memorable era in chemical science. 

Many important experiments on phosphorus have been 
made still more lately by Davy, and by Gay-Lussac and 
Thenard. 	Thenard§ and Vogel II have made researches on 
the red powder which remains when phosphorus is burnt, 
and upon the changes produced on it by the action of light. 
Dulong** and Berzeliusif have examined its combination 
with oxygen; while I have made some experiments on the 
compounds which it forms with hydrogen.tt 

Properties. 1. Phosphorus is usually of a light amber colour and 
semi-transparent; 	though when carefully prepared it is 
nearly colourless and transparent.§§ 	When kept some time 
in water, it becomes opaque externally, and then has a great 

* Known at that time by the namk, of fusible salt of urine, now called 
phosphate of ammonia. 	 . 

1- Miscel. Berolin, 1740, vi. 54. ; and Mum. Acad. Berlin, 1746, 
p. 84; and Margrare Opsc. i. 30. 

/ Bergman's Notes on Scheffer, p. 200. 	I quote the edition of 1796. 
§ Ann. de Chim. xxxvi. 109. 	U Ibid. xxxv. 225. 
t iv 	!in. de Chim. et Phys. ii. 141. 	It Ibid. p. 151, 218, and 329. 
4 I All/ liS of Philosophy, viii. 87. 
c 3  'I i.enard informs us that when melted and then suddenly cooled, it 

becumf.s quite black. 	But again resumes its original appearance when 
kept melted for a short time. Ann. de Chim. lxxi. p. 109. There seems to 
have been something peculiar about the phosphorus which he employed. 
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resemblance to white wax. 	Its consistence is nearly that of Chap. III. 
war.. 	It may be cut with a knife, or twisted to pieces with 
the fingers. 	It is insoluble in water. 	Its mean specific 
gravity is 1.770. 

2. It melts, according to Pelletier, when heated to 99°.* 

‘-"V"...nni  

In my trials I found that a temperature of 108° was requi- 
site to produce complete fusion. 	Care must be taken to 
keep phosphorus under water when melted ; for it is so com-
bustible, that it cannot easily be melted in the open air with- 
out taking fire. 	When phosphorus 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 long tube, stopped at 
the bottom 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 "say pushed out with a 
bit of wood. 

If air be excluded, phosphorus evaporates at 219°, and 
boils at 554°4 

3. Posphorus is dissolved in a small proportion by alco- 
hol, ether, and oils. 	The solutions are transparent. 	When 
the alcohol or ether is mixed with water, the phosphorus se- 
parates and burns on the surface of the liquid. 	'When the 
oily solution of phosphorus is poured upon paper and car-
ried into a dark room, it shines vividly, provided the tem- 
perature be above 60°. 	But at lower temperatures the light 
is scarcely perceptible. 

4. When used internally, it it poisonous.* 	In very small 
quantities (as one fourth of a grain), when very minutely 
divided, it is said by Leroi t9 be very efficacious in restor-
ing and establishing the force of young persons exhausted 
by sensual indulgence; § that is, I suppose, in exciting the 
venereal appetite. 

A poison. 

II. Phosphorus has the property of combining with Union with 
oxygen at least in four proportions, and of forming four 
compounds, which have received the following names. 

* Jour. de Phys. xxxv. 380, 	t Pelletier, Jour. de Phys. xxxv. 881. 

oxygen. 

I Ann. de Chim. xxvii. 87. 	§ Nicholson's Journal, iii. 85. 
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Book I. 1. Oxide of phosphorous. 
Division II. 
........,„—d 2. Hypophosphorous acid. 

3. Phosphorous acid. 
4. Phosphoric acid. 

Burns 	1. When phosphorus is exposed to the atmosphere, it emits 
when ex 
posed to 	a white smoke, which has the smell of garlic, and is lumi- 
the air. 	nous in the dark.' This smoke is more abundant the higher 

the temperature is, and is occasioned by the gradual com- 
bustion of the phosphorus, which at last disappears alto-
gether.  

Soluble in 	2. When a bit of phosphorus is put into a glass jar filled 
oxygen gas. with oxygen gas, part of the phosphorus is dissolved by the 

gas at the temperature of 60° ; but the phosphorus does not 
become luminous unless its temperature be raised to 800.* 
Hence we learn, that phosphorus burns at a lower tempe- 
rature in common air than in oxygen gas. 	This slow-com- 
bustion of phosphorus, at the common temperature of the 
atmosphere, renders if necessary to keep phosphorus in 
phials filled with water. 	The water should be previously 
boiled to expel a little air, which that liquid usually con- 
tains. 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. 

Converted 	3. When heated to 140, phOsphorus takes fire and 
by com- 
bustion, 	burns with a very bright flame, and gives out a great quan- 

tity 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 residuum ; but the white smoke, 
when collected, is found to be an acid. 	Stahl considered 
this acid as the muriatic. 	According to him, phosphorus 
is composed of muriatic acid and phlogiston, and the com- 
bustion of it is merely the separation of phlogiston. 	He 
even declared that, to make phosphorus, nothing more 
is necessary than to combine muriatic acid and phlogiston.t 

These assertions having gained implicit credit, 'the com- 
position and nature of phosphorus were considered as com- 
pletely understood, 	till Margraf of Berlin published his 

* Fourcroy and Vanquelin, Ann. de Chim. xxi. 196. 
t Stahl's Three Hundred Experiments. 
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experiments in the year 1740. 	He attempted to produce Chap. III. 
Thosphorus by combining together phlogiston and muriatic 
acid : but all his attempts failed, and he was obliged to 
give up the combination as impracticable. 	On examining 

L—Ne---' 

Into phos- 
1 the acid produced during the combustion of phosphorus, 
he found that its properties were very different from those 
of muriatic acid. 	It was therefore a distinct substance.* 

phoric acid;  

The name of phosphoric acid was given to it; and it was 
concluded that phosphorus is composed of this acid united 
to phlogiston. 

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 phosphorus would 
not burn except when in contact with air. 	Tbese facts were 
sufficient to prove the inaccuracy of the theory concerning 
the composition of phosphorus; but they remained them-
selves unaccounted for, till Lavoisier published those cele-
brated experiments which threw so much light on the 

.nature and composition of acids.t 	' 
He exhausted a glass globe of air by means of an air-

pump; and after weighing it accurately, he filled it with 
oxygen gas, and introduced into it 100 grains of phos- 
phorus. 	The globe was furnished with - a stop-cock, by 
which oxygen gas could be admitted at pleasure. 	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 at- 
tached 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 gas the 
phosphorus was extinguished. 	The globe, 	after being 
allowed to cool, was again weighed before it was opened. 
.The quantity of oxygen employed during the experiment 
was ascertained, and the phosphorus, which still remained 
unchanged, accurately weighed. 	The white flakes, which 
were nothing else than pure phosphoric acid, were found 
exactly equal to the weights of the phosphorus and oxygen 
which had disappeared during the process. 	Phosphoric Which is 
acid therefore must have been formed by the combination vs  o

hos 
c
p

mt
r
ii
h
r 
 

of these two bodies; for the absolute weight of all the sub- with oxy-
gen. 

Margraf's ()rinse. i. 56. 	t Mem. Par. 1778 and .1780, 
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Book I. 	stances together was the same after the process as before it.* 
Division II. 	Lavoisier drew, as a conclusion, from his experiments that .....—v........ 

phosphoric acid is composed of 100 phosphorus and 154 
parts of oxygen. 	But his mode of experimenting was not 
sufficiently precise to merit confidence. 	Rose endeavoured 
to obtain more accurate results by acidifying phosphorus by 
means of nitric acid. 	According to him phosphoric acid is 
composed of 100 phosphorus and 111'75 oxygen.t 	But 
this mode of experimenting is worse than that employed by 
Lavoisier. 	I have repeated Rose's experiment at least a 
dozen of times,. and no two results coincided with each 
other. 	But there is another method by which we can 
obtain the composition of this acid with considerable accu- 
racy, 	by examining the composition of the neutral salts 
which it forms with the different bases. 	It will be seen in 
a subsequent part of this work that the numbers which 
represent the weight of an atom of each of the following 
bodies are 	 .. 

Yellow oxide of lead 	 14 
Barytes 	9.75 
Soda 	4 
Lime  	3'625 

From the analyses of Berzelius, and my own analyses, it 
follows that the neutral salts formed of these bases and phos-
phoric acid are composed as follows : 

Phosphate of lead. 	 Phosphate of barytes. 
Acid .. 100 . . 	4'15 	Acid .. 100 	 4.54 
Base .. 314. . 14 	Base .. 211'46 	 9'75 

Phosphate of soda. 	 Phosphate of lime: . 
Acid .. 100 .. ..4'57 	Acid .. 100 	 4'53 
Base .. 	87 ....4 	Base .. 	80 	 3'625 

In these little tables the number above the weight of an 
atom of the base represents the weight of an atom of phos- 
phoric acid. 	Now the greatest of these numbers is 4'57, 
and the smallest of them is 1'45. 	The mean of the whole 
four is 1'527, which must be very nearly the true weight of 

* Lavoisier's Chemistry, Part I. chap. v. 
t Gehlen's Journal fur die Chemie, Physik and Mineralogie, ii. 309. 
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an atom of phosphoric acid. 	We shall therefore take 4.5 Chap. III. 
`'""v"--1  as representing that weight. 	It will appear in a subsequent 

part of this-section that 1.5 represents the weight of an atom isi
t
t
s
i o
c
n
o
.
m po- 

of phosphorus ; therefore phosphoric acid must be a com- 
pound of 

Phosphorus 	 1.5 	 100 
Oxygen 	 3. 	 200 

Probably the reason why the quantity of oxygen found 
experimentally to combine with phosphorus is so small, has 
been that the whole phosphorus was not converted into 
phosphoric acid. 

4. Phosphorous acid was first obtained in a state of purity Phospho- 
by Sir H. Davy. 	When phosphorus is made to pass "'Lis acid. 
through corrosive sublimate* a liquid is obtained which was 
first discovered by Gay-Lussac and Thenard, and which 
Davy showed to be a protochloride of phosphorus. 	When 
this liquid is mixed with water it k decomposed and con- 	• 
verted into muriatic acid and phosphorous acid. 	The mu- 
riatic acid is driven off by a moderate heat, and pure 
phosphorous acid remains behind, combined with some 
water.t 	It. will appear in a subsequent part of this section 
that phosphorous acid is composed of 1'5 phosphorus and 
2 oxygen. 	Hence its constituents are 

Phosphorus 	 100 
Oxygen 	 183+ 

5. Hypophosphorous acid was discovered in 1816 by Du- 
rri
c
h

i 
 o
d
Pr 13  Y°0u4S6s.  long.$ 	When phosphorus is united to lime or barytes it 	pa  

forms a well known compound called phosphuret of lime or 
of barytes, which will be described hereafter. 	When these 
compounds are thrown into water that liquid is decomposed, 
two acids are formed by the combination of the oxygen of 
the water with a portion of the phosphorus ; while another 
portion of the phosphorus unites to the hydrogen and flies 
off in the state of gas. 	The two acids are the phosphoric 
and hypophosphorous, both of which combine with the 
lime or barytes, forming phosphate and hypophosphite of lime 

* A substance which will be described in a subsequent section. 
f Phil. Trans. 1812, p. 407. 	/ Ann. de Chim. et Phys. ii, 141. 
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Book I. 	or barytes. 	The first of these salts is insoluble in water ; 
Divisioni  II- but the second dissolves in that liquid. 	M. Dulong put a 
—v--  quantity of phosphuret of barytes into water. 	After the 

evolution of phosphureted hydrogen gas was at an end, he 
filtered the liquid. 	It then contained a quantity of hype- 
phosphite of barytes in solution. 	Into this solution he 
dropt cautiously sulphuric acid as long as any precipitate 
fell. 	By this 'means he threw down the whole of the bary- 
tes without adding any excess of sulphuric acid. 	The clear 
liquid being decanted off consisted of a solution of hypo- 
phosphorous acid in water. 	Dulong endeavoured to deter- 
mine the composition of this acid by converting it into 
phosphoric acid by the action of chlorine. 	He considers it 
as composed of 

Phosphorus 	 100 
Oxygen 	37.44 

But his method does rot seem susceptible of much precision, 
and indeed is too complicated for accuracy. 	I have little 
doubt, from experiments to be related in a subsequent part 
of this section, that hypophosphorous acid is composed of 

Phosphorus . , .. .. P5 	 100 
Oxygen 	 1.  	66'66 

Thus the three acids of phosphorus are composed as follows : 

Phosphorus. 	Oxygen. 
Hypophosphorous acid 	 1.5 	 1 

. 	Phosphorous acid 	 1•5 	 2 
Phosphoric acid 	 1•5 	 3 

Or the first consists of one atom phosphorus united to one 
atom oxygen; the second of one atom phosphorus united 
to two atoms oxygen ; and the third of one atom phospho-
rus united to three atoms oxygen. 

6. Though pure phosphorus does not take fire till it be 
heated to 141°, 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 some- 
times takes fire when merely exposed to the atmosphere. 	In 
all these cases the phosphorus has undergone a change. 	It 
is believed at present, that this increase of combustibility is 
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owing .to a small quantity of oxygen with which the phos- Chap. III- 
Phorus has combined. 	Hence, in this state, it is distin- "Thc—j  
guished by the name of oxide of phosphorus. 	When a little Oxide of 
phosphorus is exposed in a long narrow glass tube to the 
heat of boiling water, it continues moderately luminous, 
and gradually rises up in the state of a white vapour, which 
lines the tubes. 	This vapour is the oxide of phosphorus. 

pruh:spho- 

This oxide has the appearance of fine white Rakes, which 
cohere together, and is more bulky than the original phos- 
phorus. 	When slightly heated it takes fire, and burns 
brilliantly. 	Exposed to the air, it attracts moisture with 
avidity, yid is converted into an acid liquor.* 	When a 
little phosphorus is thus oxidized in a small tin box by 
heating it, the oxide acquires the property of taking fire 
when exposed to the air. 	In .this state it is often used to 
light candles under the name of phosphoric matches; the 
phosphorus being sometimes mixed with a little oil, some- 
times with sulphur. 	 0 

. When phosphorus is long acted on by water, it is covered 
at last with a white crust, which is also considered as an 
oxide of phosphorus ; but it differs considerably from the 
oxide just described. 	It is brittle, less fusible, and much 
less combustible than 	phosphorus-  itself.t 	Phosphorus, 
when newly prepared, usually contains some of this last 
oxide of phosphorus mixed with it ;: but it may be easily 
separated by plunging the mass into water heated to about 
100°. 	The phosphorus melts, while the oxide remains 
unchanged, and swims upon the surface of the melted phos- 
phorus. 	 . 

The red substance formed when phosphorus burns in a 
confined place, and which remains behind after combustion 
in glass jars, is also considered) as an oxide of phosphorus. 
All these bodies contain very little oxygen. 	I have endea- 
voured to determine the proportion, but my attempts were 
not attended with success. 

III. Phosphorus has the property of uniting in two pro- Union with 
portions with chlorine, and of forming two compounds, 
which have received the names of protochloride and per-
chloride of phosphorus4 

chlorine.  

Steinacher, Ann. de Chim. xlvii. 104. 	t Ibid. 
Davy has given to these bodies the names of phosphemie 
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Book I. 	I. When phosphorus is introduced into chlorine gas it 
tlivisi°n II.  takes fire and burns with a pale bluish white flame, giving ‘—v..., 
Protochlo- out but little light. 	A white matter sublimes and coats the 
ride. 	inside of the glass vessel. 	If the quantity of phosphorus be 

considerable there is formed at the same time towards the 
end of the combustion a small quantity of liquid. 	The 
combustion of phosphorus in chlorine had been repeated a 
great number of times by almost every chemist ever since 
the discovery of chlorine gas. 	But nobody thought of ex- 
amining the nature of the products till Sir H. Davy advanced 
the theory that-chlorine is a simple body. 	. 	. 

2. The protochloride of phosphorus was first prepared in 
quantities, and examined by Gay-Lussac and Thenard.* 
But 	Davy first ascertained its constituent parts.t 	It is 
easily obtained by passing phosphorus through corrosive sub- 
limate heated in a glass or porcelain tube. 	The method is 
to take a glass tube shut at one end, to put into its bottom a 
quantity of phosphorus, and then to fill up a considerable 
part of the tube with corrosive sublimate. 	Heat the por- 
tion of the tube containing the sublimate; then, by apply-
ing a few bits of red hot charcoal to the extremity of the 
tube, cause the phosphorus to pass in vapour through the 
sublimate. 	A bent tube must be luted to the other ex- 
tremity of 	the glass 	tube, 	which 	must 	pass into a 
proper receiver. 	A liquid collects in this receiver, which is 
the pro/wiz/or/de of phosphorus. 

This liquid is colourless like water, smokes strongly when 
it comes into the atmosphere, and has an acid and very 
caustic taste. 	Its specific gravity is 1.45.$ 	It may be kept 
in close vessels without alteration. 	But in the open air it is 
speedily dissipated, leaving behind it a quantity of phospho- 
rus. 	It has the property o .  4issolving phosphorus. 	When 
paper is dipped into this solution and exposed to the air it 
speedily evaporates, leaving a quantity of phosphorus which 
soon takes fire and burns the paper. 	It was in this state 
that it was first obtained by Gay-Lussac and Thenard. 
When dropped into water it is converted into.muriatic and 

and phosphorana. 	But his nomenclature has not been adopted by che- 
mists. 	See Phil. Trans. 1812, p. 412. 

* Recherches Physico-chimiques, ii. 98, 176. 
t Phil. Trans. 1812, p. 406. 	/ Davy. Ibid. 
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Phosph6rous acids. 	This liquid by evaporation furnishes a Chap. III. 
track fluid, which crystallizes on cooling and forms trans- 
parent parallelopipedons. 	These crystals are compounds 
of phosphorous acid and water. 	When these crystals are 
distilled in close vessels they give out a gas which is a com-
pound of hydrogen and phosphorus, and which may be 
called bihiclYoguret of phosphorus. 	Phosphoric acid remains 
behind in the retort. 	From Davy's experiments it follows, 
that these crystals are composed of 4 parts phosphorous acid 
and 1 part of water.* 	He endeavoured to ascertain the 
composition of protochloride of phosphorus by dissolving 
a given quantity of it in water, and throwing down the 
muriatic acid formed by means of nitrate of silver. 	13.6 
grains of protochloride treated in this way gave 43 grains of 
horn silver.- 	Now 43 grains of horn silver contain 10'62 
grains of chlorine. 	Hence the protochloride is composed 
of 	. 

'''Thr--" 

Chlorine 	 10'62 	 5'31. 	 4.5 
Phosphorus .... 	2•98 	 P5   1'26 

This analysis shows us that the protochloride is a compound 
of 1 atom chlorine and 1 atom phosphorus. But the numbers 
Which we have fixed upon for the weight of an atom of 
chlorine (4.5) and of phosphorus (PS) do not correspond 
Well with the experiment of Davy. 	Had the quantity of 
horn silver been only 41+ instead of 43 grains, the experi- 
alent would have tallied exactly with our numbers. 	Now 
this is an error that might have been easily committed in an 
experiment made upon so small a scale. 

3. The perchloride of phosphorus may be formed by Perchlo- 
burning phosphorus in dry chlorine gas, in the proportion ude. 
Of one grain of the former to about 12 cubic inches of the 
latter. 	It is a snow-white substance, exceedingly volatile, 
rising at a temperature below that of boiling water. 	Under 
Pressure it may be fused, and then crystallizes in prisms that 
are transparent. 	When thrown into water it acts with 
great violence, the water is decomposes:, and phosphoric 
acid and muriatic acid formed. 	It seems to possess acid 
Properties, for its vapour reddens paper stained blue with 
litmus, and burns when lighted in the open air. 	When 
Passed through a red hot tube with oxygen gas it is de- 

Davy, Phil. Trans. 181% p. 408. 	t Ibid. P. 407. 
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Book I. composed, phosphoric acid being formed and chlorine dis- 
Division II. engaged. 	From the experiments of Davy, to whom we are 

indebted for all the preceding facts, it follows that 1.5 grain 
of phosphorus, when converted into perchloride, combines 
with 10 grains of chlorine.* 	Hence we see that it is 1a 
compound of 1 atom phosphorus and 2 atoms chlorine. 
If our numbers for the weight of an atom of phosphorus 
(1.5) and of chlorine (4.5) be accurate, then it ought to be 
a compound of 

Phosphorus 1.5 
Chlorine .. 4.5 x 2 = 9 

Now this differs but little from the results obtained by 
Davy. 

Union with IV. Phosphorus has the property of combining in two 
iodine. proportions with iodine, and of forming two compounds, 

which may be called protiodide of phosphorus and pet-iodide 
of phosphorus. 	These substances were first mentioned by 
Sir H. Davy ; •i• but. for the first accurate examination of 
them we are indebted to Gay-Lussac. t 

Protiodide. 1. When one part of phosphorus and 1041 parts of . 
iodine are mixed together in a thin glass tube they unite 
with great rapidity, producing much heat but no light. 
The compound is a solid body of a reddish brown colour. 
It melts at 212° and is volatilized when the temperature is 
raised somewhat higher. 	When thrown into water it dis-
solves, and is converted into hydriodic acid and phosphorous 
acid.§ 	This compound is obviously composed of 

Phosphorus 	1  	1'5 
• Iodine .... 10'41  	15'625 

Or of one atom of phosphorus and one atom iodine. 	It is 
therefore a protiodide of phosphorus. 

periodide. 2. When 1 part of phosphorus and 	20'82 	parts of 
iodine are mixed together, they combine likewise with vio- 
lence and the evolution of a great deal of heat. 	The com- 
pound formed is black, and melts at the temperature of 115°. 

Phil. Trans. 1812, p. 406. 	t Ibid. 1814, p. 79. 
X Anti. de Chim. xci. p. 9. 

	

§ Gay-Lussac's proportions are 1 phosphorus and 8 iodine. 	But this. 

	

is too small a proportion of iodine, as I find by experiment. 	To this I 
ascribe the phosphureted hydrogen gas which exhaled in his experiments. 
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It disshlves in water with great heat, but the solution usually ChapAIL 
has a dark colour; owing, I believe, to the whole of the 
phosphorus not entering into combination. 	The con- 
sequence is an excess of iodine which is dissolved by the 
hydriodic acid formed. 	For, in my trials, there always 
remained a. small portion of phosphorus undissolved after 
the action of the water. 	This compound, supposing it in 
the proportions above stated, is composed of 

\--•?-1  

Phosphorus 1  	1'5 
Iodine ... 20'82 	 15'625 x 2 = 3P25 

Or it is composed of 1 atom phosphorus united to 2 atoms 
iodine. 

V. Nothing is known respecting the combination of 
phosphorus and fluorine. 

VI. Phosphorus plunged into azotic gas is dissolved in Soluble in 
a small proportion. 	Its bulk is increased about .,.,*, and ame* 
phosphureted azotic gas is the result. 	When this gas is . 
/nixed with oxygen gas, it becoma luminous, in conse-
quence of the combustion of the dissolved phosphorus. 
The combustion is most rapid when bubbles of phosphu-
reted azotic gas arc 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°.t 

VII. Phosphorus combines with hydrogen in two pro-
portions and forms, two gaseous compounds which have 
received the names of phosphureted hydrogen and hydrophos- 
Phoric gas. 	But the terms kydroguret of phosphorus and 
Inhydroguret of phosphorus would be More systematic. 

1. Phosphureted hydrogen gas, the first of these Com— Hydrogu- 
pounds, was discovered in 17,83 by M. Gengembre, while 
heating a mixture of liquid potash and phosphorus in a 
small retort. 	He made some experiments on this remark- 
able gas, 	and published an account of its properties.$ 

ret.  

Some experiments were made upon it in 1786 by Mr. 
Kirwan,§ who discovered it without being aware that it 
had been already, made known to chemists by M. Gengem- 

• Berthollet. 	i- Fourcroy and Vauquelin, Ann. de Chim. xxi.199, 
I Memoires des Savans Etrangers, x. 631. 

Phil. Trans. 1186, p. 118. 
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Book I. bre. 	In 1791, M. Raymond pointed out a method c.7 pre- 
Division IL %.....v...../ paring  it in greater quantities by heating a mixture of 

phosphorus and quicklime.* 	And, in 1799, he described 
the properties of a solution of this gas in water.t 	Mr. 
Dalton, in his New System. of Chemical Philosophy, pub7, 
fished in 1810, gives an account of a set of experiments to 
which he subjected it in order to determine its nature and 
composition.$ 	And, in 1816, I published a set of expe- 
riments which I had made on it. § 

2. Phosphureted hydrogen may be obtained pure by the 
following process : Fill a small retort with water, acidulated 
by muriatic acid, and then throw into it a quantity of phos- 
phuret of lime in lumps. 	Plunge the beak of the retort 
under water, and place over it an inverted jar filled with 
that liquid. 	Phosphureted hydrogen gas is extricated in 
considerable quantity and soon fills the glass jar. 	Half an 
an ounce of phosphuret of lime yields about 70 cubic inches 
of this gas. 

3. Phosphureted hydrogen gas is colourless and pos- 
sesses the mechanical properties of air. 	It has a smell 
similar to that of onions, and an exceedingly bitter taste. 
It may be kept in pure water without alteration ; but in 
water containing common. air it soon loses a portion of its 
phosphorus, and its properties are altered in consequence. 
Its specific gravity is 0'9022. 	Hence at the temperature of 
60°, and when the barometer stands at 30 inches:, 100 cubic 
inches of it weigh 27.517 grains. 

• 

When electric sparks are passed through this gas for 
some time the phosphorus is deposited, and pure hydrogen, 
gas remains. 	But the volume of the gas is not altered by 
this process. 	Hence it follows that phosphureted hydrogen 
ga.s consists of hydrogen gall  holding a quantity of phos- 
phorus in solution. 	This quantity is discovered by sub- 
tracting the specific gravity of hydrogen gas from that of 
phosphureted hydrogen. 

Specific gravity of phosphureted hydrogen 0'9022 
— 	gas 	 0'0694 hydrogen 	 . 

Phosphorus 	  — 0.8328 

* Ann. de Chim. x. 19. 	t Ibid. xxxv. 225. 1 Vol. II. p. 457. 	 § Annals of Philosophy, viii. 87. 
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Ther&ore phosphureted hygrogen gas is composed of 	Chap. III. 

Hydrogen .. 	691 or 	1 
Phosphorus . '8328 	12 

So that phosphureted hydrogen contains 14th of its weight 
of hydrogen and flths of phosphorus. 	Now, • if we reckon 
the weight of an atom of hydrogen 0'125, and that of an 
atom of phosphorus 1•5 ; it is obvious that phosphureted 
hydrogen is composed of 1 atom hydrogen and 1 atom 
phosphorus, for .125 x 12 = 1'5. 

When phosphureted hydrogen comes in contact with 
common air, it takes fire and burns with great splendour. 
Yet in a narrow tube it may be mixed with oxygen gas 
without undergoing spontaneous combustion. 	But it is 
deprived of its phosphorus without undergoing any altera- 
tion in its bulk. 	For complete combustion, it requires 
either 1 volume of oxygen gas or 14- volume. 	In both cases 
the two gases over water disappear altogether. 	Now :half a 
volume o the oxygen gas, in both cases, must unite to the 
hydrogen and form water. 	So that the phosphorus, in 
phosphureted hydrogen, 	combines either with- volume 
or with 1 volume of oxygen gas. 	In the first case, I sup- 
pose that hypophosphorous acid is formed : In the second 
case, phosphorous acid. 

When a volume of phosphureted hydrogen gas is mixed 
With 	3 volumes of nitrous gas, 	and 	an electic spark 
passed through the mixture, a detonation takes place, and 
there remains 11 volume of azotic gas. 	Now nitrous gas 
contains half its bulk of oxygen. 	Therefore, in this case, 
the phosphureted hydrogen has combined with 14. volume 
of oxygen. 	If these two gases be mixed over water and a 
bubble of oxygen gas be let 119 to them, a detonation im-
mediately takes place. 

When 1 volume of phosphureted hydrogen is mixed 
with 3 volumes of protoxide of azote, and an electric spark 
passed through the mixture, a detonation takes place, and 
there remains 3 volumes of azotic gas. 	But protoxAde of 
azote is composed of 1 volume of azote + half a volume of 
oxygen condensed into 1 volume; so that S volumes, if 
decomposed, would constitute 3 volumes of azote and 4 
Volume of oxygen gas. 	Hence, in this case also, phosphn. 
reted hydrogen hascombined with 4 volume of oxygen. 

VOL. I. 	 T 
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Book I. When phosplfureted hydrogen gas is mixed with.;chlod 
Division IL rine gas, it burns with a greenish yellow flame; and when 

the two gases are mixed in the proportion of 1 volume of 
the former to 3 of the latter, they disappear entirely, being 
converted into muriatic acid, and a brown matter whicll 
speedily dissolves in water, and which is doubtless a bi-
chloride of phosphorus. 

When iodine is heated in phosphureted hydrogen gas, 
iodide of phosphorus is formed, and probably hydriodic 
acid ; for when water is present the bulk of the gas dimi-
nishes 1 third. 

Water, according to the experiments of Dr. Henry, dis,  
solves rather more than 2 per cent. of this gas. 	The water 
acquires a yellow colour, an intensely bitter taste, and a 
smell similar to that of the gas. 	It produces no alteration 
on vegetable blues, but precipitates silver, mercury, and 
copper, from their solutions, of a dark colour. 

Bihydrogu- 4. Hydrophosphoric gas or bihydroffuret of phosphorus 
ret of phos- 
Fhorus. 

was  first particularly examined by Sir H. Davy, in 1812.* 
He obtained it by heating crystallized phosphorous acid. 

It may be procured, also, by exposing phosphureted hydro- 
gen to the direct rays of the sun. 	A quantity of phos-
phorus is deposited, and the gas is changed into bihydro-
guret of phosphorus. 

This gas is colourless, and possesses the mechanical pro- 
perties of common air. 	Its smell is similar to that of phos- 
phureted hydrogen, but not so disagreeable. 	When sul- 

. phur is sublimed in this gas the volume is doubled, and 
2 volumes of sulphureted hydrogen gas are formed. 	When 
potassium is heated in it, the volume is also doubled. 	The 
potassium combines with phosphorus, and the residual gas 
is pure hydrogen. 	Hence .it is obvious that it is a com- 
pound of two volumes of hydrogen gas, united with the 
same quantity of phosphorus that exists in a volume of phos- 
phureted hydrogen gas, 	and condensed into 1 volume. 
Hence its composition must be  

Phosphorus 12 	 1.5 
Hydrogen 	2.. 	 0'125 >e 2 

Thus we see that it is a compound of 1 atom phosphorus. 
and 2 atoms hydrogen. 

Phil. Trans. 1812, p. 406. 
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Its obvious, also, that its specific gravity must be equal Chap. III. 
to the specific gravity of phosphureted hydrogen gas, added 
to that of hydrogen gas, or 0.9022 + 0•0694 = 0'9716. 

\---Nr—j  

Sir Humphry Davy found it 0'87. 	But his experiment 
was made upon a small scale, and only once repeated. 
Hence an .error of .nth can hardly be considered as exces-
sive. 

This gas does not burn spontaneously when it comes 
into common air or oxygen gas; but if it be mixed with 
oxygen and heated to soo°* it explodes. 	1 volume of this 
gas requires either 1÷ or 2 volumes of oxygen gas for com- 
plete combustion. 	If the first proportion be used, some 
phosphorus is apt to be precipitated. 	Now as the gas con- 
tains 2 volumes of hydrogen, it is obvious that 1 volume of 
the oxygen goes to the formation of water. 	The remaining . 
.., or 1 volume of oxygen, • must have united with the phos- 
phorus. 	Now this is just the quantity which the phospho- 
rus in a volume of phosphureted hydrogen gas requires. 
Hence the reason for estimatina

b 
 the quantity of phosphorus 

in a volume of hydroguret, and bihydroguret of phosphorus 
as the same. 

When mixed with chlorine gas it burns spontaneously 
with a white flame. 	According to Davy, 1 volume of 
bihydroguret of phosphorus requires 4 volumes of chlorine 
gas for complete combustion. 	Two of these volumes uniting 
to the hydrogen go to the formation of muriatic acid. 
The other two must combine with the phosphorus, and 
form 	a 	perchloride 	of 	phosphorus which would be 
speedily converted into muriatic acid and phosphoric acid, 
by decomposing water. 	So that the products, in this case, 
are precisely the same as when phosphureted hydrogen is 
burnt in chlorine. 

According to Davy, water absorbs -:rth of its volume of 
this gas. 	So that the absorbability of this gas and olefiant 
gas, by water, is the same. 

Thus we have two compounds of phosphorus and hydro-
gen, composed as follows, 

Phosphorus. 	Hydrogen. 
Hydroguret of phosphorus of 1 atom + 1 atom 
Bihydroguret of phosphorus of 1 	+ 2 

• Davy. 
T 2 
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Book If. 	VIII. Phosphorus has the property likewise of Airking 
Division II. with carbon, and of forming a compound, called phosphuret 
Phos
..__

p 
,—._. of carbon. 	Its existence was first recognized by M. Proust. huret 

of carbon. He gave that name to the red substance which remains 
when new made charcoal 	is strained through shamois 	, 
leather.* 	It is not improbable that this red substance may 
frequently contain phosphuret of carbon, especially as the 
same assertion has been subsequently made by Thenard.t 
But I have never been able to find any such substance in it.t 
The experiments of Vogel appear to have been equally 
unsuccessful.§ 	But I have never failed to procure it by the 
following method. 

Allow phosphuret of lime to remain in water till it has 
given• out all the phosphureted hydrogen gas which it is 
capable of evolving. 	Then add to the liquid a considerable 
excess of muriatic acid, agitate for a few moments, and 
throw the whole upon a filter. 	Phosphuret of carbon will 
remain upon the filter, 	Let it be properly washed and 
dried. 

Phosphuret of carbon thus obtained is a soft powder of 
a dirty lemon yellow colour, without either taste or smell. 
When left in the open air it very slowly imbibes moisture, 
emits the smell of carbureted hydrogen, and acquires an 
acid taste. 	Hence it decomposes the water which it ab- 
sorbs, and its phosphorus is slowly converted intb phos- 
phorous acid. 	It does not melt when heated ; nor is it 
altered, though kept in a temperature higher than that of 
boiling water. 	It burns below a red heat, and when heated 
to redness, gradually gives out its phosphorus. 	The char- 
coal remains behind in the state of a black matter, being 
prevented from burning by a coating of phosphoric acid 
with which it is covered. 	When the powder is thrown 
over the fire in small quantities at a time, it burns in beau- 
tiful flashes. 	It is composed of 1 atom phosphorus, and 
1 atom carbon, or by weight of 

Phosphorus 1.5 	 200 	• 
Carbon . .. 0'75 	 100 

* Ann. de Chim. xxxiv. 44. 	f Ann. de Chim. lxxxi. 109. 
I Twice indeed on distilling this substance I obtained a residue of 

charcoal. 	But I never could succeed in obtaining the phosphuret in a 
separate state. 

	

	 § Ann. de Chim. ham 225. 
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ne substance, when distilled, gives no traces of water.* Chap. in.  
IX. Nothing is known respecting the combination of 

phosphorus with boron and silicon. 
'.....N,,,-.-4 

SECT. VI. 

OF SULPHUR. 

Sulphur, distinguished also by the name of brimstone, 
!as known in the earliest ages. 	Considerable quantities of 
it are found native, especially in the neighbourhood of vol-
canoes, 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.t 

1. Sulphur is a hard brittle substance, commonly of a 
greenish yellow colour, without any smell, and of a weak 
though perceptible taste.  

Properties. 

It is a non-conductor of electricity, and of course be- 
comes electric by friction. 	Its specific gravity is 1'990. 
Tne specific gravity of native sulphur is 2.08324 

Sulphur undergoes no change by being allowed to re- 
main exposed to te open air. 	When thrown into water, 
it does not melt as common salt does, but falls to the bot-
tom, and remains there unchanged : It is therefore insolu-
ble in water. 

2. If a considerable piece of sulphur be exposed to a Action of 
sudden though gentle heat, by holding it in the hand, for 
instance, it breaks to pieces with a crackling noise. 

heat. 

When sulphur is heated to the temperature of about Flowers of 
1700, it rises up in the form of a fine powder, which many 
be easily collected in a pioper vessel. 	This powder is 

sulphur. 

Called flowers of sulphur.§ 	When substances fly off in this 
manner pn the application of a moderate heat, they are 
called volatile; and the process itself, by which they are 
raised, is called volatilization. 

4'.  Annals of Philosophy, viii. 157. 	1- Pliny, lib. xxxv. c. 15. 
t Brisson. 	Lavoisier's Elements, p. 577. 
§ It is only in this state thst sulphur is to be found in commerce to- 

lerably pure. 	.R04 szaphyr usually contains a considerable portion of 
foreign bodies. 
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Bonk 1. When heated to the temperature of about 218° ofi; Fah- 
Divisi°n11- renheit's thermometer, it melts and becomes as liquid as 

water. 	If this experiment be made in a thin glass vessel, 
of an egg shape, and having 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 issues with considerable force out from 
its mouth. 

Sulphur ca- 
pable of 
crystalliz, 

3. There are a great many bodies which, after being_ 
dissolved in water. or melted by heat, are capable of assum- 

ing. ing certain regular figures. 	If a quantity of common 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 crystallizing. 	If it be melted, and, as 
soon as its surface begins to congeal, the liquid sulphur 
beneath be poured out, the internal cavity will exhibit long 
needle-shaped crystals of an octahedral figure. 	This method 
of crystallizing sulphur was contrived by Rouelle. 	If the 
experiment 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°. 	Sulphur is frequently found 
native in fine large crystals. 	The primitive form of the 
crystals is an octahedron, with scalene triangular faces. 	It 
consists of two pyramids joined together, base to base. 
These bases constitute a rhomboid, the longer diagonal of 
which is to the shorter, as 5 to 4. 	The perpendicular 
drawn from the centre of this rhomboid to the edge is to 
the height of the pyramid as l- to 3.+ 	.  

4. Alcohol dissolves a small portion of sulphur. 	So does 
sulphuric ether and oils. 

Converted 
by combus- 

II. Sulphur combines, at least, in two proportions with 
oxygen, and forms two compounds which have been long 
known, and which have received the names of sulphurous 
and sulphuric acids. 	 , 

1. When sulphur is heated to the temperature of 560° 

C Such vessels are usually called receivers orfasks by chemists. 
t Hai y's Mineralogie)  iii. 278. 

3 
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in the open air, it takes fire spontaneously, and burns with Chap. III. 
a pale blue flame, and at the same'time emits a great quan- —̀v"--1  
tity of fumes of a very strong suffocating odour. 	When set 
on fire, and then plunged into a jar full of oxygen gas, it 

tal:ind.intd an  

, burns with a bright violet coloured flame, and at the same 
time emits a vast quantity of fumes. 	If the heat be con- 
tinued long enough, the sulphur burns all away without 
leaving any ashes or residuum. 	If the fumes be collected, 
they are found. to consist of sulphurous acid. 	By combus- 
tion, then, sulphur is converted into acid. 	This fact was 
known several centuries ago ; but no intelligible explana-
tion was given of it till the time of Stahl. 

According to him, sulphur is a compound of sulphuric 
acid and phlogiston. 	By combustion the phlogiston is 
driven off; and the acid remains behind. 	The experiments 
by which he endeavoured to establish these opinions were 
long.  considered as satisfactory. 	But it was observed that 
sulphur Will not burn unless air be present, and that sul-
phuric acid is heavier than the stflphur from which it was 
produced. 	These facts were incompatible with the hypo.. 
thesis of Stahl. 	Lavoisier first explained them by showing 
that, during combustion, sulphur unites with the oxygen of 
the air, and that the acid formed is exactly equal to the 
Weight of the sulphur and oxygen which disappeared. 
Hence he concluded that the acid formed is a compound of 
these two bodies—an opinion which is now universally 
acceded to. 

2. Sulphurous acid is formed, when sulphur is burnt, 
either in the open air, or in oxygen gas. 	But the best way 
to procure it in quantities, is to heat a mixture of sulphuric 
acid and mercury in a small retort, and receive the gaseous 
product over mercury. 	This gas is sulphurous acid. 

Sulphurous 
acid. 

This acid was first examined by Stahl, who gave it the 
name of phlogisticated sulphuric acid. 	Scheele in 1774 
pointed out a method of procuring it in quantities.* 	Dr. 
Priestley, about the same time, obtained it in the gaseous 
form, and ascertained many of its properties.t 	Berthollet 
examined it in 1782 and 17894 	Fourcroy and Vauquelin 

* Scheele's Mimoires de Chymie, i. 43. 
$ Priestley on Air, ii. 205. 
/ Mem. Par. 1782, and Ann. de Chim. ii. 5', 
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Book'. 	published a detailed set of experiments on it in 1797.* some 
Division 11. experiments on it by me'were published in 18034' 

Sulphurous acid gas is colourless, 	and possesses 	the 
mechanical properties of common air. 	Its smell is exceed- 
ingly suffocating and disagreeable, being precisely similar 
to the smell of burning sulphur. 	Its taste is intensely acid 
and sulphureous. 	It converts vegetable blues to red, and 
then gradually destroys them. 	Its specific gravity, accord- 
ing to Davy's experiments, is 2•2293.T 	If we suppose it 
composed of a volume of vapour of sulphur, and a volume 
of oxygen gas, condensed into one volume, its specific gra- 
vity ought to be 2'2222. 	Hence 100 cubic inches of it at 
the temperature of 60°, and when the barometer stands at 
30 inches, will weigh 67'771 grains. 

Water absorbs 83 times its bulk of this gas, according to 
my experiments; but according to Theodore de Saussure, 
that liquid takes up 43'78 times its bulk of it.§ 

I ascertained, by experiment, that the quantity 	oxygen 
in sulphurous acid is i of that in sulphuric acid. II 	Now 

. 	we ,shall see immediately that sulphuric acid is composed of 
100 sulphur + 1.50 oxygen. 	Hence it follows that sulphu- 
rous acid is composed of. 100 sulphur + 100 oxygen. 
There is another experiment which demonstrates, in a very 
satisfactory manner, the composition of this acid. 	Sulphu- 
reted hydrogen is a gas which will be described in the sub- 
sequent part of this section. 	It contains its volume of 
hydrogen, holding a quantity of sulphur in solution. 	Now 
a volume of this gas requires 14- volume of oxygen for com- 
plete combustion. 	The substances formed are water and 
sulphurous 'semi. 	The half volume of the oxygen goes to 
the formation of water, and combines with the hydrogen. 
The one volume of oxygen combines with all the sulphur, 
and forms sulphurous acid. 	The sulphur, in a volume of 
sulphureted hydrogen, is obtained by subtracting the specific 
gravity of hydrogen gas from that of sulphureted hydrogen. 

Sp. gravity of sulphureted hydrogen 	 1.180 
hydrogen gas. 	 0.069 

Sulphur in the gas   — 1.111 
Ann de Chirn. xxiv. 229. 	t Nicholson's Journal, vi. 93. 

: Phil. Trans. 1812, p. 412. 	§ Annals of Philosophy, vi. 340. 
Nicholson's Journal, vi. 94. 
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. 	Bud the specific gravity of oxygen gas is.1.111. 	Hence Chap. III. 
`--v---' it follows that sulphurous acid is composed of 

Sulphur• 1.111 or 1 
Oxygen 1.111 or 1 

3. Sulphuric acid is obtained by burning a mixture of Sulphuric 
7 	parts sulphur and 1 	part 	nitre, 	in 	large chambers acid. 

lined with lead. 	By this combustion, sulphurous acid and 
nitrous gas are formed. 	The nitrous gas absorbs oxygen 
from the atmosphere, and is converted into nitrous acid. 
Both the acids are absorbed by water. 	The nitrous acid 
gives out part of its oxygen to the sulphurous acid, and 
converts it into sulphuric acid, and being reduced to the 
state of nitrous gas again flies off, unites to oxygen, is con- 
verted into nitrous acid, and absorbed by the water. 	This 
process goes on till the whole of the sulphurous acid is 
converted into sulphuric acid.* The water, thus acidulated, 
is evaporated in leaden vessels to a certain point. 	The 
evaporation is then continued in glass retorts, till the acid 
acquires the requisite degree of strength. 	By this evapora- 
tion a very considerable portion of the water is driven off. 
But by this process, sulphuric acid cannot be deprived of 
the whole of its water. 

This acid was discovered in the middle ages, either by 
the Arabian chemists, or the alchemists. 	But nothing is 
known respecting the exact period of the discovery. 	It is 
mentioned by Basil Valentine, who wrote in the early part 
of the fifteenth century. 	It was long procured by distilling 
green vitriol, and this process is still followed in Germany, 
Sulphur and nitre were afterwards burnt under a glass bell, 
and the product evaporated : hence it was called oleum sul.. 	. 
phuris per campanam. 	Dr. Roebuck first contrived the 
method of making it in leaden 'chambers, and established, the 
original manufactory at Prestonpans, in Scotland. 

Sulphuric acid is colourless like water. 	'It has somewhat 
of a glutinous consistency ; is destitute of smell, but has an 
exceedingly acid taste. 	It speedily chars animal and vege- 
table substances, when placed in contact with them. 	It 
converts vegetable blues to red. 	Acid, of the specific gra- 

3  Clement and Desormes. 	Ann. de Chim. lix. 329—Dalton, New 
System of Chemical Philosophy, ii. 396—Davy, Elements of Chemical 
Philosophy, p. 276. 
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Book T. -vity 1'65, boils, according to Mr. Dalton, at the tethpera- 
Divsion II. 
%.....

i
..v......0 ture of 620°. 	The boiling point diminishes 	with the 

strength. 	Acid, of the specific gravity 1.780, boils at 435°, 
and acid, of the specific gravity 1.650, at 3500.* 

Many experiments have been made to determine the 
proportion of oxygen contained in sulphuric acid. 	It is 
unnecessary to state the old trials of Berthollet, Tromms-
dorf, Lavoisier, Chenevix, and Thenard, because they are 
very inaccurate. 	Bucholz, Klaproth, and Richter, ap- 
proach much nearer to the truth. 	Their estimates are as 
follows : 	 • 

Bucholz 	100 sulphur + 135.3 oxygen. 
Klaproth 100 	± 138'1 
Richter 	100 	+ 138'1 

Berzelius made a set of experiments, With every attention 
to accuracy, on purpose to determine this point. 	He 
found that 10 parts of sulphuret of lead, when boiled in 
nitric acid, were conv:irted into 12'645 parts of sulphate of 
lead. 	Now sulphate of lead is a compound of 10 sulphuric 
acid, + 28 yellow oxide of lead. 	Therefore the 12.645 of 
sulphate of lead formed, are composed of 

Yellow oxide of lead 	 9'3174 
Sulphuric acid. 	 3'3276 

12'6450 
In this experiment both the lead and the sulphur had 

. united with oxygen. 	But Berzelius has shown, that yellow 
oxide of lead contains y-f th of its weight of oxygen. 	Now 
-1,th of 9'3174 is 0'6655. 	If we subtract this quantity from 

' 2'645, the whole increase which the sulphuretacquired, there 
will remain 1'9795, indicating the quantity of oxygen which 
exists in 3'3276 parts of sulphuric acid.- 	Therefore sul- 
phuric acid is composed of 

• Sulphur 1'3485 or 100 
Oxygen 1'9795 or 146'85 

These numbers are much nearer the truth than those of 
preceding experimenters. 	But it is easy to show, that the 

* Dalton's New System of Chemical Philosophy, ii. 404. 
t Ann, de Chim. lxxviii. 21. 
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quantity of oxygen, thus stated by Berzelius, is a little below chap.m. 
the truth. 	Most of the metals "—Nr--1  have the property of uniting 
either with oxygen or sulphur, constituting with the one 
oxides, with the other sztlphurets. 	Now the weight of sul- 
phur, necessary to convert any metal into a protosulphuret, 
is just double the weight of oxygen necessary to convert 
the same metal into a protoxide. 	From this it follows, that 
the weight of an atom of sulphur, is exactly twice that of an 
atom of oxygen. 	Most of the sulphates have been analysed 
with great care. 	The following table represents the compo- 
nent parts of some of these salts : 
Sulphate of lead. 	Sulphate of barytes. 	Sulphate of potash. 

Acid 10 	.. 5 	Acid 100 	.. 5'02 	Acid 42.2 	.. 5.05 
Ease 28 	—11 	Base 194. 	.. 9.75 	Base 50.1 	.. 6 

Sulphate of lime. 	Sulphate of copper. 	Sulphate of soda. 
Acid 100 	.. 5.006 	Acid 100 .. 5 	Acid 100 	.. 5.07 
Base 72'41 .. 3'625 	Base 200 ..10 	Base 78'82 .. 4 il 
. The second set of numbers, after the bases, represent the 

weights of the atoms of the different bases. 	For these 
weights are as follows : 	 t 
Yellow oxide of lead 14 Lime.  	3.625 
Barytes  	9.75 Black oxide of copper 10 
Potash .  	6 Soda .  	4 

The numbers above these represent the weight of an 
atom of sulphuric acid, resulting from the arfalysis of the 
salt. 	Now these numbers agree very nearly with each 
other, and the mean of the  whole of them is 51024. 	Is it 
not evident from this, that 5 is the number which represents 
the weight of an atom of sulphuric acid? It must be com- 
posed of 	 .. 

Sulphur 2, or 1 atom 
Oxygen 3, or 3 atoms. 

Sulphuric acid, then, is composed of 
Sulphur 100 
Oxygen i 50 

Proportions which differ but little from Berzelius' ana- 
lysis. 	The error is probably owing to a minute quantity of 
the sulphuret . of lead having-been carried off' by the nitric 
acid fumes. 
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Book I. 4.  Thus we see that the two acid combinations 	sul- 
Division 11. ......v....../ phur axe composed as follows, 

. 	 Sulphur. 	Oxygen. 	Sulphur. 	Oxygen. 

Sulphorous acid 100' + 100 or 1 atom + 2 atoms. 
Sulphuric acid 	100 -f' 150 or 1 	+ 3 

Hyposul- 
pous 
aci

hur
d. 

We shall see afterwards that sulphur is capable of combin-
ing with one atom of oxygen, and of forming an acid, 
which has not hitherto been obtained in a separate state; 
but which may be distinguished by the name of hyposulphu- 
rous acid. 

5. If sulphur be kept melted in an open vessel, it be- 
comes gradually thick and viscid. 	When in this state, if 
it be poured into a bason of water, it will be found to be of 
a red colour, and as soft as ,wax. 	In this state it is em- 
ployed to take off impressions from seals and medals. 
These casts are known in this country by the name of sul- 
phurs. 	When exposed to the air for a few days, the sul- 
phur soon recovers its'-original brittleness, but it retains its 
red colour. 	This substance, when newly made, has a 
violet colour; it has a fibrous texture; its specific gravity 
is 2.325 ; it is tough, and has a straw colour when pounded. 
This substance has been considered as an oxide of sulphur. 
But it produces the same quantity of sulphuric acid as 
common sulphur, and sulphur undergoes the same change 
in its appearance, even when oxygen and common air are 
carefully excluded. 	We cannot therefore consider it as an 
oxide. 

Lae suiphii; 6. When sulphur is first obtained by precipitation from 
ria. 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. 	This substance has 
been considered as an oxide of sulphur by some. 	But if 
this white powder, or lac sulphuris, as it is called, be ex-
posed to a low heat in a retort, it soon acquires the colour 
of common sulphur; and, at the same time, a quantity of 
water is deposited in the beak of the retort. 	On the other 
hand, when a little water is dropped into melted sulphur, 
the portion in contact with the water immediately assumes 
the white colour of lac sulphuris. 	If common sulphur be 
sublimed into a vessel filled with the vapour 43.f water, we 
obtain lac sulphuris of the usual whiteness, instead of the 
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commoin flowers of sulphur. 	These facts prove that lac Chap.  in. 
41elphuris is a compound of sulphur and water. 	Hence we 
may conclude that greenish yellow is the natural colour of 
sulphur. 	Whiteness indicates the presence of water.* 

"."—v""s 

III. Sulphur combines readily with chlorine, and forms Chloride of 
a liquid compound which has received the name of chloride 
of sulphur. 	This substance was first described by me in 

sulphur. 

1804,t It was examined by M. Berthollet Junior in 18074 
and by Mr. Bucholz in 1810 f 

It is easily obtained by passing a current of chlorine gas 
through flowers of sulphur. 	It may be obtained also, as 
Davy first obse-tved, by heating sulphur in a dry glass vessel 
filled with chlorine gas. 

It is a liquid of a brownish red colour when seen by re-
flected light; but appears yellowish green when seen by 
transmitted light. 	Its smell is strong and somewhat similar 
to that of sea plants, or which we perceive when walking 
along the sea shore. 	The eyes when exposed to it are filled 
with tears and acquire the same painful feeling as when ex- 
posed to wood or peat smoke. 	The taste is acid, hot, and 
bitter, affecting the throat with a painful tickling. 	It does 
not change the colour of dry litmus paper ; but if the paper 
be moist it immediately becomes red. 	I found the specific 
gravity I•623. 	But Berthollet found it .1.7 and Bucholz 
1'699. 	We must therefore consider 11 as the true gravity. 
It readily dissolves sulphur, and acquires a brown colour. 
It dissolves phosphorus with facility. 	The solution has a 
fine amber colour and is permanent. 	Chloride of sulphur 
smokes violently in the open air and soon flies off; leaving 
crystals of sulphur if it contains that substance in solution. 
When dropped into water it is decomposed, sulphur being 
evolved. 	When dropped into nitric acid a violent efferves- 
cence is produced, and sulphuric acid formed. 

According to Davy 10 grains of sulphur absorb 80 cubic 
inches or 22.875 grains of chlorine. 	Hence it is composed 
of  

Sulphur 	 1 	 2 
Chlorine 	 2•287.5 	 4'575 

• 
* Nicholson's Journal, vi. 102. 	t Ibid. p. 104. 
I Mem. d'Arcueil, i. 161. 
§ Gehlen's Journal, fur die Chemie, Physik and Mineralogie, i\  172, 
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Book 1. It is evident from this that it is a compound of a atom 
Division IL  .--„,v,....." sulphur and 1 atom chlorine. 	Had the absorption been 

29'5 instead of 30 cubic inches, the chloride would have 
been composed of 2 sulphur + 4'5 chlorine. 	Now as the 
glass in which the experiment was made had a metallic 
stop-cock, some of the chlorine would be absorbed by it. 

Iodide of 
sulphur. 

IV. Sulphur has the property of combining with iodine, 
and of forming a compound which has been called iodide of 
sulphur. 	It wat first described by Gay-Lussac.'" 

It is easily formed by mixing together the two consti-
tuents in a glass tube and exposing them to a heat sufficient 
to melt the sulphur. 	This iodide is grayish black, and has- 
a radiated structure like that of sulphuret of antimony. 
When distilled with water iodine is disengaged. 	When 
heated sufficiently to produce fusion a portion of the iodine 
is likewise disengaged. 

This iodide has not hitherto been analysed. 	But fronr 
analogy we may conclude that it is composed of 1 atom 
iodine + 1 atom sulphur, or by weight of 

Sulphur 	 2 	  100 
Iodine 	 15'625 	 781'25 

V. Nothing is known respecting the combination of sul- 
phur with fluorine. 	Neither has it been hitherto possible to 
form a compound of sulphur and azote. 

Sulphu- VI. Sulphur has the property of combinincrb  with hydro- 
feted hy 
dro gen. uen and of forming a gaseous compound which has received %.. 	2  

. the name of sulphureted hydrogen gas. 	Gay-Lussac has 
given it the name of hydrosulphuric acid. 

That such a gas existed, and that it was inflammable, 
had been observed by Rouelle ;t but its properties and com-
position were first investigated by Scheele in 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 reading the 
experiments of Scheele. 	In 1786, Mr. Kirwan published 
a copious and ingenious set of experiments On it. H 	The 

* Ann. de Chiin. xci. 22. 	f Macquer's Diet. i. 520. 
1 Scheele on Air and Fire, p. 186. Engl. Trans. 
§ See his Treatise on Hot Mineral Waters, Opusc. i. 233. and Engl. 

Trans. i. 290. 	 H Phil. Trans. 1786, p. 118. 

   
  



SULpri rm. 	 287 

butclt chemists examined it in 1792,* and in 1794 Ber. Chap. III. 
thollet, with his usual sagacity, still further developed its 
properties ;1- and since that time several important facts 
respecting it have been ascertained by Proust and Thenard. 

'The---)  

Berzelius published an elaborate analysis of it in 1807;$ 
and Gay-Lussac, Thenard,§ 	and Sir H. Davy, Jj have 
ascertained several of its properties with precision. 

It may be obtained by pouring diluted 	sulphuric or 
muriatic acids on a mixture of three parts iron filings and 

, 2 parts sulphur melted together in a crucible. 	But when 
procured in this way it is always mixed with hydrogen gas. 
It may be obtained quite pure by digesting sulphuret of 
antimony in powder in muriatic acid. 

It is colourless, and possesses the mechanical properties Its proper- . 
of air. 	It has a strong fetid smell, not unlike that of rotten 
eggs. 	It does not support combustion, nor can animals 
breathe it without suffocation. 	Its specific gravity, accord- 
ing to the experiments of Gay-Lussac and Thenard, is 
r.1912.** According to Sir H. Davy it is 1'1967. 	I con- 
ceive that its true specific gravity is 1.180. 	Supposing this 
to be its gravity, then 100 cubic inches of it when the baro-
meter stands at 30 inches, and when the temperature is 60°, 
will weigh 35'89 grains. 

ties' 

This gas is rapidly absorbed by water. 	According to Dr. 
Henry 100 cubic inches of this liquid absorb, at the tempera-
ture of 50°, 108 cubic inches of sulphureted hydrogen. fit But 
the gas must have been impure. 	Theodore de Saussure 
found that 100 cubic inches of water absorb 253 cubic 
inches of pure sulphureted hydrogen gas.tt 	Alcohol of the 
specific gravity 0'81 absorbs, according to the same che- 
mist, 6'06 times its volume of gas. 	Mr. Higgins has 
shown likewise that it dissolv,ps in ether. 	The water thus 
impregnated is colourless, but it has the smell of the gas, and 
a sweetish nauseous taste. 	It converts vegetable blue colours 
to red, and has many other properties analogous 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 at fire, it burns 

* Ann. de Chim. xiv. 294. 	t Ibid. xxv. 233. 	. 
: Af handlingar i Fysik, Ketni och Mineralogi, ii. 78. 
§ Phil. Trans. 1812, p. 412. 
11 Recherches Physico-chimiques, i. 191. 	** Ibid. 
ft Phill. Trans. 1803, p. 274. 	IT Annals of Philosophy, vi. 340. 
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• Book I. 	with a bluish red flame, and at the same time deposits a 
Division It. quantity of sulphur. 	When the electric spark is passed .......v......, 

through it, sulphur is deposited, but its bulk is scarcely It  
mews. 	altered.* 	It deposits sulphur also when agitated with nitric 

acid, or when that acid is dropped into water impregnated 
with it.t 	When mixed with common air it burns rapidly. 
but does not explode. 	1Vhen mixed with its own bulk of 
oxygen gas, and fired by electricity, an explosion is pro-
duced, and no sulphur deposited ; but the inside of the glass 
is moistened with water. 	For complete combustion it re- 
quires 14 volume of oxygen gas. 	It is converted into water 
and sulphurous acid. 	The half volume of the oxygen goes 
to the formation of water, and the whole volume to the 
formation, of sulphurous acid. 

When electrical sparks are made to pass for a long time 
through this gas the whole sulphur pis deposited, and the 
bulk of the gas is not altered; but it is converted into pure 
hydrogen gas. 	When sulphur is strongly heated in hydro- 
gen gas a quantity of sulphureted hydrogen gas is formed : 
but the bulk of the gas is not altered. 	It is obvious from 
these facts that it consists of hydrogen gas, holding a quan. 
tity of sulphur in solution. 	To determine its composition 
we have only to subtract the specific gravity of hydrogen 
gas from that of sulphureted hydrogen gas. 	The remainder 
will give us the weight of sulphur. 	 , 

Sp. gravity of sulphureted hydrogen gas . . 1.180 
hydrogen 	 0'069 gas 	  

Sulphur 	 — 1.111 
Hence it is composed by weight of 

Sulphur 	 l•111   2 
Hydrogen 	 0.0694 	 0.125 

Or of an atom of sulphur united to an atom of hydrogen. 
When sulphureted hydrogen gas and sulphurous acid gas 

are mixed together, they mutually decompose each other, as 
was first observed by Barthollet. 

VII. Sulphur has the property of combining with carbon, 
and of forming a very remarkable compound, distinguished . 
by the name of sulphuret of carbon. 

* Austin, Phil. Trans. 1788, p. 385. 
t Scheele, on Air and Fire, p. 190. 
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The phenomena which take place when 	sulphur is Chap. III. 
1/4—v broudat in contact with red-hot charcoal were first observed 	—I  

by Met,srs. Clement and Desormes, during a set of. experi- History. 

/bents )n charcoal. 	The process which they followed was 
this l' Cll a porcelain tube with charcoal, and make it pass 
,througit a furnace in such a way that one end shall be con- 
siderably elevated above the other. 	To the lower extremity 
;we a wide glass tube, of such .a length and shape that its 
end can be plunged to the bottom of a bottle of water. 
Tia. the elevated extremity lute another wide glass tube 

/filled with small bits of sulphur, and secured at the further 
end, so that the sulphur may be pushed forward by means 
of a  wire, without allowing the inside of the tube to com- 
municate with the external air. 	Heat the porcelain tube, 
and consequently the charcoal which it contains, to redness, 
and continue the heat till air-bubbles cease to come from the 
charcoal ; then push the sulphur slowly, and piece after 
piece, into the porcelain tube. 	A substance passes through 
the glass tube, and condenses under the water of the bottle 
into a liquid.* 

This liquid was obtained by Lampadius in 1796, while 
distilling a mixture of pyrites and charcoal, and described 
by him under the name of alcohol of sulphunt From a later 
and more detailed set of experiments on it, he drew, as a 
conclusion, that it is a compound of sulphur and hydra. 
.gen.$ 	But Clement and Desormes considered it as a com- 
pound of sulphur and charcoal; and inform us, that when 
it is exposed to evaporate in open vessels a portion of char- 
coal remains behind. 	Berthollet Junior, who made some 
experiments on it, adopted the opinion of Lampadius.§ But 
the subject was. resumed by Cluze1,11 who published an 
elaborate set of experimentss, on it in 1812. 	Berthollet, 
Thenard, 	and Vauquelin, who were appointed by 	the 
French Institute to examine Cluzel's paper, repeated some 
of his experiments, and drew, as a conclusion, that the 	. 
liquid in question is a compound of about 15 carbon and. 
85 sulphur.** Soon after a very complete set of experiments 
on 	it were published by 	Professor 	Berzelius, and Dr. 

• Ann. de Chim. xlii. 136. 	t Crell's Annals, 1796, ii. 136. 
1 Gehlen's Jour, ii. 192. 	 § Hem. d'Arctieil, i. 304. 
H Ann. de Chim. lxxxiv. 72, .113. 	** Ibid. lxxxiii, 252. 

VOL. 1. 	 V 
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Book T. Marcet.* 	Their results almost exactly agreed with those of 
Division H. %....._y........ the French chemists, and leave no doubt that this liquid is st 

compound of sulphur and carbon, and that it contains no 
other ingredient. 	 1 

Properties. Sulphuret of carbon, when prepared by the prli.ess of 
Clement and Desormes, has at first a yellow colour; owing 
to an excess of sulphur which it contains. 	But when recti- 
fied, by being distilled in a retort at a temperature net 
exceeding 110°, it is obtained in a state of purity. 

Sulphuret of carbon is a liquid as transparent and colour • 
less as water. 	Its taste is acrid, pungent, and somewhat 
aromatic. Its smell is nauseous and fetid, though quite 
peculiar. Its specific gravity, according to Berzelius and 
Marcet is 1•272,1 accordina

° 
 to Ouzel 1•2634 the specific 

gravity of water being 1. 	Its expansive force at the tem- 
perature of 63'5°  is equal to a pressure of 7•36 inches of 
mercury. 	So that air, to which it is admitted at that tem- 
perature, will be dilated by about .4. of its volume.5 	It 
boils briskly at a temperature between 105°  and 110°. 	It 
does not congeal when cooled down to — 60°. 	It is one 
of the most volatile liquids known, and produces a greater 
degree of cold, by its evaporation, than any other substance. 
The bulb of a thermometer being enveloped in fine lint, 
dipped in this liquid, and suspended in the air, sinks from 
60°  to about zero. 	If it be introduced under the receiver of 
an air-pump, and the receiver rapidly exhausted, the ther- 
mometer will sink to — 82° in less than two minutes.} 

Sulphuret of carbon takes fire in the open air, at a tem- 
' perature scarcely exceeding that at which mercury boils. 	It 

burns with a blue flame, giving out the smell of sulphurous 
acid. 	Its vapour detonates when mixed with oxygen gas, 
and an electric spark is passed through it. 	The products 
are sulphurous acid and carbonic acid, and carbonic oxide, 
if the oxygen be in small proportion ; but if six or seven 
times the bulk of the vapour, the whole of the carbon is 
converted into carbonic acid. 

Sulphuret of carbon is scarcely soluble in water, but 
alcohol and ether dissolve it readily. 	Ether is capable of 

* Phil. Trans. 1813, p. 171. 	t Phil. Trans. 1813, p. 175. 
/ Ann. de Chim. lxxxiv. 83. 
§ Berzelius and Marcet, Phil. Trans. 1813, p. 175. 
II Marcet; Phil, Trans. 1813, p. 252. 
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taking, p three times its bulk of this liquid without beam- Chap. III. 
Aug tni id. 	It readily unites with chloride of azote, and "-v--' 

'-iRrevent: 	that liquid from detonating, when it comes in 
k 

 
col;t,ctfrith oils or phosphorus.* 

‘1, 	Win, passed through red-hot copper, it combines with composi- 
that meq, forming a carbosulphuret of metal. 	By this 
ti lethod, Berthollet, Thenard, and Vauquelin, succeeded in 
a certaining its composition. 	When passed very slowly 
ti,Fough red oxide of iron, it is also completely decomposed, 
a  .id converted partly into sulphuret of iron, and partly into 
sulphurous acid and carbonic acid gases. 	By this process, 

ti°n• 

Berzelius succeeded in decomposing it, and ascertained it to 
be a compound of 

Sulphur 84'83   100'00 
Carbon 15'17  	17'89 

This result almost coincides with that of the French 
chemists. 	Now we have found that an atom of sulphur 
weighs 2 and an atom of carbon 0'75? 	On the supposition 
that sulphuret of carbon is a compound of 2 atoms sulphur, 
and 1 atom carbon, its constituents would be 

Sulphur 4   84•21   100 
Carbon 0.75 	 15.79  	18'75 

But these numbers approach so nearly to Berzelius' ana- 
lysis, that we may safely consider them as exact. 	The liquid 
then is in fact a bisulphuret of carbon. 	It is not improba- 
ble that a sulphuret of carbon may likewise be formed. 
• VIII. We do not know whether sulphur combines with 
boron and silicon: no experiments on the subject having 
been hitherto made. 

IX. Sulphur and phosphorus readily combine with each sulphur 
other, as was first ascertained li Margraf.t 	Pelletier after- 
%yards examined the combination with care.$ Some curious 

° cwiThbinhesos- 
phoras

p
. 

Observations were published on the formation of this com-
pound by Mr. Accum ; § and soon after the circumstances 
under which it takes place were explained with precision by 
br. Briggs.II 

• Berzelius and blarcet; Phil. 'trans. 1815, p. 175. 
t Opusc. i. 11. 	 I Jour. de Phys. xxxy. 382, 
§ Nicolson, vi. 	 it Ibid. vii. 58. 

U2 
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Book I. • 	All that is necessary is to mix the two substances toge- 
Division IL ther, and apply a degree of heat sufficient to melt ttliem, as 

Pelletier first observed. • The compound has a yellowish' 
white colour, and a crystallized appearance.* 	Thy: cr:aibi- 
nation may be obtained by heating the mixture ii. a glass 
tube, having its mouth properly secured from the ,:4r. 	Th e 
sulphuret of phosphorus, thus prepared, is more combustilY t 
than phosphorus. 	If it be set on fire by means of a htot 
wire, allowed to burn for a little, and then extinguished 1 
excluding the air, the phosphorus, and perhaps the sulplit ,., 
seem to be oxidized, and the mixture acquires the property 
of taking fire spontaneously as soon as it comes in contact 
with aint 

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 combine toge- 
ther gradually as soon as the 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 Margraf, and ascertained by Pelletier. 
The rate of decomposition increases very rapidly with the 
temperature, a portion of the two combustibles being con- 
verted into acids by uniting to the oxygen : the hydrogen
at the moment of its evolution unites with sulphur and 
phosphorus, and forms sulphureted and phosphureted gases. 
This evolution, at the boiling temperature, is so rapid as to 
occasion violent explosions. 

The sulphuret of phosphorus may be distilled over with- 
out decomposition. 	Indeed it was by distillation that 
Margraf first obtained it. 	Sulphur and phosphorus, by 
combining, acquire a considerable tendency to liquidity ; 
and this tendency is a maximum when the two bodies are 
combined in equal proportions. 	The following table exhi- 
bits the result of Pelletier's experiments on the temperatures 
at which the compound becomes solid when the substances 
are united in various proportions :$ 

8 	Phosphorus
}  congeals at 77°  1 	Sulphur 

Briggs, Nicholson, vii. 58. 	t Briggs, Ibid. 
/ Ann. de Chim. iv. 10. 
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8 	Phosphorus} congeals at 59° 	 Chap. 
2 	Sulphur 	 "4....v ..mi 

III. 

8 	Phosphorus 1 	. at .50° 4 	Sulphur 
8 	Phosphorus)  	41° 	• 
8 	Sulphur 
4 	Phosphorus) 	

at 

8 	Sulphur 	. 	 at 51-5°  

• ,. 
23- Phosphorus} 	 
8 	Sulphur 	. 	at 99-5°  

From Pelletier's experiments it is probable, that the 
' 1nost intimate combination of 	phosphorus and sulphur 

consists of 1 atom of sulphur and 1 atom of phosphorus, or 
by weight of 

Sulphur   2   4 	 100 
Phosphorus . . .. 	P5 	 3  	75 

But they doubtless combine in other proportions. 
• 0 

SECT. VII. 

OF ARSENIC. 

I. THE word arsenic (arevixos0 occurs first in the works of History. 
Dioscorides, and of some other authors who wrote about the 
beginning of the Christian era. 	It denotes in their works 
the same substance which Aristotle had called rrallapam,* 
and his disciple Theophrastus appevuoy, which is a reddish 
coloured mineral, composed of arsenic and sulphur, used 
by the ancients in painting, and as a medicine. 

The white oxide of arsenien  or what is known in corn- 
rnerce by the name of arsenic, is mentioned by Avicenna 
in the 11th century ; but at what period the metal called 
arsenic was first extracted from that oxide is unknown. 
Paracelsus seems to have known it; 	and a process for 
obtaining it 
published in 

is described by Schroeder in his Pharmacopoeia, 
16494 	But it was only in the year 1733 that 

this metal was examined. with chemical precision. 	This 

* Pliny seems to make a distinction between sandaracha and arsenic. 
See lib. xxxiv. cap. 18. 	 t Bergman, ii. 278. 
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Book !, examination, which was performed by Mr. Brand.;,' de- 
Division II. monstrated its peculiar nature; and since that tim6 it has 

been always considered as a distinct metal, to which the.: ' 
term arsenic has been appropriated. 	Its propert Ts rare 
still farther investigated by Macquer in 1746, t by tcitonnet 
in 17784 and by Bergman in 1777. § 	To the 1,1:oours o t 
these philosophers, and to those of Mr. Scheehy II we ar 
indebted for almost every thing known about the properas 
of this metal. 	Its combinations with oxygen have be n 
carefully examined by Proust, ** Bucholz, fit  Berzelius44:4". 
and some other chemists. §§ 

""-̂ v—d  

Properties. 1. Arsenic has a bluish white colour not unlike that of 
steel, and a good deal of brilliancy. 	It has no sensible 
smell while cold; but when heated it emits a strong odour 
of garlic, which is very characteristic. 

2. It is the softest of all the metallic bodies, and is so brittle 
that it may be easily reduced to a fine powder by trituration 
in a mortar. 	Its specific gravity, when melted, is 5.'7633. (111 

3. Its fusing point is not known, because it is the most 
volatile of the metals, subliming without melting, when 
exposed in close vessels, to a heat of 356°.*** 	When sub-
limed slowly, it crystallizes in tetrahedrons, which Flaiiy 
has demonstrated to be the form of its integrant particles. 

Oxides. II. It may be kept under water without alteration ; but 
when exposed to the open air, it soon loses its lustre, becomes 
black, and falls into powder. 

Arsenic is capable of combining with two doses of oxygen, 

* His paper was published in the Memoirs of the Philosophical So- 
ciety of Upsala, for 1733, p. 39. 	He describes the properties of ar.. 
senious acid with precision, and gives the first accurate process for pro-
curing arsenic in the metallic state. He mixed white arsenic with potash 
and volatile alkali, and fused the mixture in a well luted crucible. Berg-
man seems to have taken many of his facts respecting arsenic from 
Brandt's paper. 

1- Mem. Par. 1746, p. 223, and 1748, p. 35. 	I Sur l'Arsenic. 
§ Opusc. ii. 272, 	 II Scheele, i. 129. 
** Jour. de Phys. 	 tf Jour. de'Cliim. iv. 5. 
U Ann. de Chim. lxxx. 9, and Annals of Philosophy, iii. 93. 
§§ See Annals of Philosophy, iv. 171. 
H II Lavoisier's Elements, p. 572. 	I found its specific gravity when, 

oublimed 5.235. 	Bergman states the specific gravity of arsenic to be 
8'31, (Opusc. ii. 279) and Brandt makes it 8.308. 	But the specimens 
7,Nhich they tried must have been impure. 	*** Bergman, ii, 279- 
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And of forming two compounds, which possess acid proper- Chap. 111. 
ties, a; d which have been denominated arsenious and arsenic "'"'N''''d  

. acids. 	, 	 . -,z, Ni hen exposed to a moderate heat in contact with air, Protoxide. 
it sutra; 	es in the form of a white powder, and at the same 
time eikits a 	smell resembling garlic. 	If the heat be 
ccreaseN it burns with a pale blue flame. 	Arsenic indeed 

th 	one of the most combustible of the metals. The substance 
ilfhich sublimes was formerly called arsenic or white drsenic, 	-

aid is still known by these names in the commercial world. 
It is now denominated arsenious acid. It is seldom prepared 
by chemists, because it exists native, and is often procured 
abundantly during the extraction of the other metals from 
their ores. 

When obtained by these processes, it is a white, brittle, 
compact substance, of a glassy appearance. 	It has a sharp 
acrid taste, which at last leaves an impression of sweetness, 
and is one of the most virulent poisons known. 	It has an 
alliaceous smell. 	 n  

According to the experiments of Klaprotb, 1000 parts of 
cold water dissolve only 21- parts of this acid, while 1000 
parts of boiling water dissolve 774- parts of it.* 	This solu- 
tion has an acrid taste, and reddens vegetable blues. When 
it is slowly evaporated, the oxide crystallizes in regular 
tetrahedrons. 	It is soluble also in between 70 and 80 times 
its weight of alcohol, and in oils. 	This acid sublimes when 
heated to 383°: if beat be applied in close vessels, it be-
comes pellucid like glass; but when exposed to the Air, it 
soon recovers its former appearance. 	The specific gravity 
of this glass is 3.699; t that of the acid in its usual state is 
3'706. $ 

Many experiments have been made to determine the 
composition of this acid. 	Tile following table exhibits the 
results obtained by the different experimenters. 

Proust§ 	100 arsenic + 32'979 oxygen 
Thenard II 	100 	+. 31'691 
Berzelius**. 100 	+ 31'263 
Thomsontt 100 	+ 31'930 

* Annals of Philosophy, iv. 132. 
t According to the experiments of Dr. Wollaston. 
t Bergman, ii. 286. 	§ Jour. de Phys. 	II Ann. de Chim. 1. 123. 
** Ann. de Chim. lxxx. 9. 	ft Annals of Philosophy, iv. 176. 
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Book L 
Division IL 

We shall be better able to judge of these experiments i,  when we know the composition of arsenic acid. 	it 
When arsenious acid is mixed with black f14, and, 

slowly heated to redress in a matrass or retort, the tgsF:51..c 
is reduced to the metallic state,, and slowly sublinwii 	By, / 
this means the metal may be procured in a state 4 purity.' 

—̀ (̀--d  

This method of reducing arsenic was first pointgd out by 
Brandt, to whom we are indebted for most of the propertiete, 
of arsenious acid above described. 	 1 

Peroxide or 
arsenic 
acid, 

2. Arsenic is capable of combining with an additionar,. 
dose of oxygen, and of forming another compound, first 
discovered by Scheele, known by the name of arsenic acid. 
The process prescribed by Scheele 	is to dissolve three 
parts of arsenious acid in seven parts of muriatic acid, to add 
five parts of nitric acid, to put the mixture into a retort, 
and distil to dryness. 	The dry mass is to be merely brought 
to a red heat, and then cooled again. . It is solid arsenic 
acid. 	Mr. Bucholz has shown, that the whole quantity of 
muriatic acid prescribed by Scheele is not necessary. 	The 
formula which he considers as the best is the following : 
Mix together in a crucible 2 parts of muriatic acid of the 
specific gravity P200, 8 parts of arsenious acid, and 24 
parts of nitric acid, of the specific gravity P25. 	Evaporate 
to dryness, and expose the dry mass to a slight red heat.* 
But the easiest method of procuring this acid is to dissolve 
arsenic in nitric acid, and evaporate the solution to dry-
ness. 

The acid thus prepared has no very strong taste when 
dry ; but when dissolved in water, it acquires an excessively 
sour taste, and remains liquid even when evaporated to the 
consistence of a jelly. 	It is as noxious as arsenious acid. 

The following table exhibits the experiments hitherto 
tnade on the composition of this acid. 

Proust 	100 arsenic + 62•905 oxygen 
l'henard 	100 	+ 56.250 
Berzelius 100' 	+ 5P428 
Thomson 100 	+ 52.4 

In order to be able to judge of the accuracy of these ex-
periments let us endeavour to ascertain the number which 

• Van Ion's Journal de Chimie, iv. 10. 
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denotes the weight of an atom of arsenic acid. 	We have Chap. III. 
two analyses of arseniates which appear accurate ; the arse- 1/4"—Nraj  

.. 	,T lead by Berzelius,* and the arseniate of lime by .,niate . 
hk7i,gif:i.t 	'They are as follows: 

'44, 	Arseniate of lead. 	 Arseniate of lime. 
Base 1y&•11 	.. 	 14 	I Base 33 . 	 3'625 

. Acid 100,,i  	7.212 I Acid 67 . 	 7'36 

' We see from these, that if 14 and 3'625 represent respec- 
tively the weight of an atom of oxide of lead and of lime, 
the weight of an atom of arsenic acid is represented by • 
7'214 and 7•36, the mean of which numbers is 7.286, which 
must represent the weight of an atom of arsenic acid very 
nearly. 	Perhaps the number 7.25, which is a multiple of 
0.125 (the weight of an atom of hydrogen) is nearest the 
truth. 	This number must contain the atoms of oxygen and 
weight of an atom of arsenic. 	Let us suppose that the 
oxygen in this number is represented by 2.5. 	In that case 
the weight of an atom of arsenic will be 4.75, and arsenic 
acid will be a compound of 

Arsenic 4.75 	 100 
Oxygen 2'5  	52'631 

Now this is ahnost exactly the mean of the experiments 
• of Proust and my own. I am therefore disposed to consider 
it is accurate. 

If we suppose the weight of oxygen in arsenious acid to 
be 1.5, that acid will be composed of 

Arsenic 4.75   100 
Oxygen P5  	3P6 	. 

Now this number differs but little from the determination 
of Proust, the only chemist wiz() made direct experiments on 
the subject. 	The determination of Thenard, Berzelius, and 
myself, was only from analogical reasoning. 	I conceive, 
therefore, that the oxygen in these two acids is as the 
numbers P.5 and 2.5, or 3 and 5 ; or that arsenious acid is 
a compound of 2 atoms arsenic and 3 atoms oxygen, and 
arsenic acid of 2 atoms arsenic and 5 atoms oxygen. 

HI. Arsenic combines with chlorine and forms a com- 
pound, which we shall call chloride of arsenic. 

11  Annals of Philosophy, iii. 93; 	t Ann. de Chita, lxxxv. 58, 

   
  



298 
	 SIMPLE COMBUSTIBLES. 

Book I; It has been long known and described in chemical books, 
Division II. under the name of butter of 'arsenic. 	It may be obtai..ed by 

Chloride. 
introducing arsenic into a sufficient quantity of chlmiae gas.,..,  
It burns spontaneously with considerable brillianO, raid 
forms the chloride. 	But the easiest method of prt;Auring 
this chloride in considerable quantity, and pure, iethe old 
one. 	It is as follows : Mix together 6 parts of ceorrosive 
sublimate and 1 part of arsenic, and distil with a gentle hetib. 
in a retort, a liquid passes over into the receiver which it 
the chloride of arsenic. 	 •,, 

This chloride is transparent and of the consistence of oil. 
It is very volatile. 	Its specific gravity has not been ascer- 
tained. 	When heated it readily dissolves phosphorus arid 
sulphur ; but allows these bodies to precipitate on cooling. 
It likewise dissolves rosin, and combines with olive oil and 
oil of turpentine.* 	When mixed with water it is decom- 
posed, and arsenious acid precipitates. 	According to the 
experiments of Dr. John Davy, 2 grains of arsenic, when 
converted into chloride, absorb 4 cubic inches of chlorine . gas.- 	Now 4 cubic inches of chlorine gas weigh 3'05 grains. 
Hence the chloride of arsenic is composed of 

Arsenic 	2 	 415 
Chlorine 3 	 7.125 

These numbers approach 1 atom of arsenic and 14- atom of 
chlorine, or 2 atoms arsenic and 3 atoms chlorine. 

Iodide. . 	IV. Arsenic combines readily with iodine, and forms an 
iodide of arsenic. 

The combination takes place with great facility ; but, 
according to Ruhland, the only person who has examined 
it, without the evolution of any heat. 	This iodide has a 
dark purple-red colour, and. possesses the properties of all  
acid. 	It is soluble in water, and when the solution is satu- 
rated with potash no precipitate appears. 	When nitrate of 
silver is dropped into the solution, a sulphur-yellow precipi- 
tate falls, well known as an arsenite of silver4 	No expe- 
riments have been hitherto made to determine the propor-
tions in which the two ingredients are combined in this 
iodide. 

* Dr. John Davy; Phil. Trans. 1812, p. 186. 	-t-  Ibid. p. 188. 
1 Ruliland; Schweigger's Journal, xi. 140. 
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V. Nothing is known respecting the combination of chap.11I. 
arses' 	with fluorine. 	It does not seem capable of uniting ''''''\''''''') 
with s rote. 
'4.:,..-YLi Arsenic combines with hydrogen and forms a com- Arsenn- 
,poutill which may be called arsenureted hydrogen gas. 	reted lir 

It 	its discovered by Scheele during his experiments on drogen gas. 
 w 

i
% 

arsenic It•id.* 	It was afterwards noticed by Proust during 
'his experiments on tin.t 	In the year 1803, an elaborate 
bet of experiments on it was published by Tromsdorf.$ 	In 
1806, a very valuable set of experiments was made upon it 
by Professor Stromeyer.§ 	It was examined in 1808 by 
Gay-Lussac and Thenard, 	during their experiments on 
potassium.II 

I do not believe that it has hitherto been obtained in a 
state of purity. 	Probably the mineral called mispickel, 
which is an arsenuret of iron, might be employed with 
advantage in the preparation of it. 	The easiest method 
of procuring it, according to Tromsdorf, is to mix together 
four parts of granulated zinc and one part.of arsenic, and 
to treat them with sulphuric acid diluted with twifle its 
weight of water. 	Hydrogen gas is disengaged in abun- 
dance, which, coming in a nascent state in contact with 
the arsenic, dissolves it, and forms the gas wanted. 	Stro- 
meyer, recommends an alloy composed of 1.5 parts of tin 
and 1 of arsenic. 	When this alloy is digested in muriatic 
acid, the hydrogen evolved carries off the whole of the 
arsenic, and leaves the tin pure. 	Gallen, who fell a victim 
to his experiments on it 1815, prepared it by heating arse-
tic in an alkaline ley. 

Arsenured hydrogen gas, thus formed, is colourless, has a 
nauseous smell, is not sensibly absorbed by water, extin- 
guishes flame, and destroys animal life. 	Its specific gra-
vity, according to Tromsdorf, is 0'5293, that of air being 
1. 	Davy found it as high as 0.5552.* 	But all these gra. 
vities are undoubtedly greatly below the truth. 

It burns with a blue flame; and if the neck of the vessel 

* Scheele's IVIetimires de Chymie, i. 182. 
t Ann. de Chim. xxviii. 215. 	I Nicholson's Journal, vi. 200, 
§ Nicholson's Journal, xix. 381. 
li Recherches Physico-chimiques, i. 229. 
I*  Elernprits of Chemical Philopopliy, p. 456. 
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Book T. containing it be narrow, the arsenic is deposited. 	When 
Division II. 
,—..„,..-0 two parts of this gas, mixed with three of oxygert are 

brought in contact with a lighted taper, an explosior' takes 
place, and water and arsenious acid are formed. 	VEcr-A 
parts of these gases do not explode so loudly, but C,c,it'ire a 
more vivid flame. 	2 parts of this gas and 1 of ; lxygen 	, 
leave a small residue. 	According to Stromeyer itqequires 	i 
for combustion 0.72 parts of its bulk of oxygen gas: 	os 

Arsenureted hydrogen gas is not altered by common air, . 
azotic gas, nor hydrogen. 	Nitrous gas occasions a diminu-'•  
tion of about two per cent. 	Sulphureted hydrogen gas 
occasions no change in it; but if chlorine gas be added to 
the mixture of these two gases, the bulk diminishes, and 
yellow-coloured flakes are deposited. 	Hence these two 
gases furnish us with a delicate test for detecting the pre-
sence of arsenical hydrogen. 

Concentrated nitric acid, when suddenly mixed with this 
gas, causes an evoluti2n of red fumes, and an explosion 
accompanied with flame. 	When the acid is diluted, it 
oxidizes and removes the arsenic, leaving the hydrogen 
pure. 	Trommsdorf, to whom we are indebted for all these 
facts, did not succeed in analysing this gas. 	Stromeyer 
analysed it by means of nitric acid, and found it composed 
of 106 parts arsenic and 2.19 hydrogen. 	Gay-Lussac 
and Thenard decomposed it by heating tin placed in a 
glass tube filled with the gas. 	100 volumes of this gas, 
when deprived of their arsenic, expanded so as to occupy 

• 140 volumes. 	So that the increase amounted to i-ths of 
the original bulk. 	Were we to suppose this experiment 
and the analysis of Stromeyer to be correct, it would fol-
low that the specific gravity of arsenureted hydrogen gas is 
4.799. 	Farther researches rre necessary before the con- 
stitution of this compound be accurately known. 	It ap- 
pears from the experiments of Davy and of Gay-Lussac 
and Thenard, that arsenic and hydrogen combine also in 
a solid form in brown flocks, which give out arsenureted 
hydrogen gas when heated. 

VII. We are not acquainted with any combination of 
arsenic with carbon, boron, or silicon. 

l'huspliu- VIII. Arsenic combines readily with phosphorus. 	The . 
fet. phosphuret of arsenic may be formed by distilling equal 

parts of its ingredients over a moderate fire. 	It is black 
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and Igilliant, and ought to be preserved in water. 	It may Chap. 111. 
be ftlxmed likewise by putting equal parts of phosphorus "-v.-1  

,. and a ',sonic into a sufficient quantity of water, and keeping 
Ii.3 mixture moderately hot for some time.* 

IN 	Arsenic combines 	readily with sulphur. 	If we 
put a ttnixture of these two bodies into a covered crucible 
and melt 	them, a red vitreous mass is obtained, which is 

sulphuret. 

\obviously a sulphuret of arsenic. 	It may be formed also 
hby healing together arsenious or arsenic acid and sul-
phur; but in that case a portion of the sulphur absorbs 
the oxygen from the arsenic, and makes its, escape in the 
form of sulphurous acid gas.-1- 	This sulphuret of arsenic is 
found native in different parts of Europe. 	It is usually 
called realgar. 	It has a scarlet colour, and is often crys- 
tallised in transparent prisms. Its specific gravity is 3'33844 

Realgar. 

It is tasteless, and not nearly so hurtfitl as the oxides of 
arsenic, though Macquer affirms that it is poisonous.¢ 	It 
is sometimes used as a paint. 	0 

If arsenious acid be dissolved in muriatic acid, and a 
solution of sulphureted hydrogen in water be poured into 
the liquid, a fine yellow-coloured powder falls to the bot- 
tom. 	This powder is usually called orpiment. 	It may be 
formed by subliming arsenic and sulphur by a heat not 
sufficient to melt them. 	This substance is found native. 	It 
is composed of thin plates, which have a considerable degree 
of flexibility. 	Its specific gravity is 3.1522.11 	It has been 
supposed by some chemists, that orpiment differs from real-
gar merely in containing a smaller proportion of sulphur; 
by others, that the arsenic exists in it in the state of an 
oxide; by others, that it contains sulphureted hydrogen. 

Orpiment. 

But Mr. Proust has ascertained, that when heated suffici-
ently it melts without emittkig any gas, and on cooling 
assumes the appearance of realgar.** 	Haiiy observed that 
the figure of their crystals is the same. 	Hence he was led 
to consider them as different forms of the same substance, 
conformably to the opinion of Proust. fl- 	This induced 
Laugier to make a set of experiments to elucidate the sub- 

* Pelletier, Ann. de Cliim.iiiii. 139. 
t Proust ; Jour. de Phys. liii. 94. 	I Haiiy's Minemlogie, iv. 228. 
i Hoffman informs us, that he gave two scruples of it to a dog with- 

out any bad effects whatever. 	Observ. Physico-Chemico-Select. p. 236, 
Il Haiiy, iv. 235. 	 " Jour. de Phys. liii, 94. 
if Ann. de Chim. lxxxv. 36, 
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Book I. ject.* • The result of his experiments was that sulphuret of 
Divisi°n  II. '.........v.....0  arsenic, artificially prepared, is composed of 	E 

Arsenic 58+ .. 	. 	 100 
Sulphur 111 	 71'42 

Now this approaches to a compound of 1 atom ;irsenic
e
s' 

with 2 atoms sulphur. 	 'I 
Native orpiment and realgar he found, when.  heated'` 

allowed a quantity of arsenious acid to sublime. 	The sub,' 
stance was then composed exactly as the artificial sulphuret: \ 
Hence he supposes that in these substances, when native, 
there is a certain quantity of arsenic or arsenious acid 
mixed mechanically between their particles. 

oSECT. VIII. 

OF TELLURIUM. 

History. I. The mine of Mariahilf, in the mountains of Fatzbay, 
near Zalethna, in Transylvania, contains an ore of a bluish 
white colour and a metallic lustre; concerning the nature 
of which mineralogists were for a long time doubtful. 
That it contained a little gold was certain ; but by far the 
greatest part of it consists of a metallic substance, which 
some supposed to the bismuth, others antimony. 	Muller 
of Reichenstein examined it in 1782;t and concluded, 
from his experiments, that this ore, which had been dis-
tinguished by the names of aurum problematieum, aurum 
paradoxieum, and aurum albutp, contains a new metal dif- 
ferent from every other. 	Being still dissatisfied with his 
own conclusions, he sent a specimen of it to Bergman ; but 
the specimen was too small to enable that chemist to decide 
the point. 	He ascertained, however, that the metal in question 
is not antimony. 	The experiments of Muller appeared so 
satisfactory, that they induced Mr. Kirwan, in the second 
edition of his Mineralogy, published in 1796, to give this 
metal a separate place, 	under the 	name of sylvanite.. 
Klaproth published an analysis of the ore in 1798, and 

• Ann. de Chim. lxxxv, 36. 	 t Born, ii, 468. 
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'completely confirmed the conclusions of Muller.* 	To the Chap. III. 
new metal, which constitutes 0.925 of the ore, he gave the 
name Df tellurium ; 	and this name has been generally 
admteil. 	Gmelin 	examined the ore in 1799 ; -I- and his 
xperikients coincide almost exactly with those of Muller 

`..--..r....-! 

'e

nd Klliproth. 	By these philosophers the following pro- 
erties ch.; tellurium have been ascertained. 	Some curious 

\ew confoinations of tellurium were discovered by Davy in 
11809 ; 	pid a set of important experiments were made upon 
t by Berzelius in 1812. § 
1. Tellurium has a bluish white colour, 	intermediate 

between that of zinc and lead ; its texture is laminated like 
antimony, and its brilliancy is considerable. 

2. Its hardness has not been ascertained. 	Its specific 
gravity, according to Klaproth, is 6'115. II 

3. It is very brittle, and may be easily reduced to powder. 
4. It melts when raised 	to a temperature somewhat 

higher than the fusing point of•lead-, 	If the heat be in- 
creased a little, it boils and evaporates, and attaches itself 
in brilliant drops to the upper part of the retort in which 
the experiment is made. 	It is therefore, next to mercury 
and arsenic, the most volatile of all the metals. 	When 
cooled slowly it crystallizes. 

Properties. 

II. Telluriuin combines with only one proportion of 
oxygen, and forms a compound possessing acid properties. 
It might be called telluric acid. 	But as it likewise possesses 
alkaline properties, it will be better to retain the common 
name, oxide of tellurium, 

1. When tellurium is exposed to the action of the blow- 
pipe upon charcoal, it takes fire, and burns with a lively 
blue flame, the edges of which are green; and is completely 
volatilized in the form of a white smoke, which, according 
to Klaproth, has a smell not unlike that of radishes.** 

Oxide. 

This white smoke is the oxide of tellurium; which may 
be obtained also by dissolving the metal in nitro-muriatic 

* Crell's Annals, 1798, i. 91. 	f Ibid. 1799, i. 275 and 365. 
I Phil. Trans. 1810, p. 16. 
§ Nicholson's Journal, xxxvi. 129. 	Unfortunately this paper of Ber- 

kelius is so inaccurately printed that in many places it is quite unintelli-
tible. 

II Muller found it 6.345; but probably hig specimen was not pure. 
** Gmelin could not perceive this smell, 
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Book I. acid, and diluting the solution with a great quantity of 
Division IL 
..:.—.„,„.-0 water. 	A white powder falls to the bottom, which is the 

oxide. 	It may be procured also by dissolving the x letal in 
nitric acid, and adding potash slowly till the oxide preci- 
pitates. 	This oxide is easily melted by heat into a straw- 
-coloured mass of a radiated texture. 	When mafle into r 
paste with oil, and heated in charcoal, it is redkrzed to the 
metallic state so rapidly, that a kind of explosion is prts 
duced. 	It may be volatilized by the applicatiori  of beg 
'When heated on a bit of charcoal before a bellows, i, 
becomes first yellow, then orange, and lastly of a fine red.*\  
After fusion it produces no change on litmus paper. 	But 
it combines with the different bases, and forms with them 
neutral salts. 	It dissolves also in acids, and forms neutral 
salts with them likewise. 	. 

According to the experiments of Klaproth,j" this oxide 
is composed of 

,Xetal 	100 
Oxygen 20 

But Berzelius found the weight of oxygen somewhat 
greater. 	According to his experiments4 the oxide is com-
posed of 

Metal 	100 
Oxygen 21.8 

If we suppose the real quantity of oxygen that unites with 
100 metal to be 25, or 4-th of the weight of the metal, and 
that this oxide is a compound of 1 atom metal + 1 atom 

' oxygen, then the weight of an atom of tellurium will be 4. 
Chloride. III. Tellurium burns spontaneously when 	introduced 

into chlorine gas. 	The chloride of tellurium formed is 
white, and semitransparent, 	When heated it 	rises 	in 
vapour, and crystalizes. 	Water decomposes it, and sepa- 
rates a white powder consisting of oxide of tellurium united 
to water or hydrated oxide, as such compounds are called. 
According to Davy it is composed of 

• Tellurium 	  2 
Chlorine 	  1'83 

These numbers approach nearest to 1 atom tellurium and 1 

* Berzelius; Nicholson's Journal, xxxvi. 130. 	t Beitrage, iii. 14. 
t Annals of Philosophy, iii. 250. 
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atom 	But they do not entirely 'agree with that 
chl

orine. Cha
L

p.11I. 
'The•I  supposs7tion.* 

IV. Iodine combines very readily with tellurium when the 
two substances are brought into contact. 	The solution in 

Iodide, 

\ Water has a dark purple red colour. 	It combines readily 
With potash, and forms a colourless solution, which yields 
i\y evapor:Aion small white prisms.t 
\'. V. Noiting is known respecting the combination of tel-

lurium w'ith fluorine or azote. 
VI. Tellurium has the property of combining with Telturetea 

hydrogen, and of forming a gaseous substance, to which 
the name of. tellureted hydrogen gas has been given. 

hydrogen  

It was discovered by Sir Humpbry Davy in 18094 and 
some experiments on it by Berzelius were published in 
181.5.§ 

It is formed by mixing together oxide of tellurium, pot- 
ash, and 	charcoal; an 	exposing the mixture to the 
action of a red heat. 	It is then put into a retort; diluted 
sulphuric acid is poured on it, and the beak of the retort is 
plunged into a mercurial trough. 	A gas comes over, which 
may be collected in glass jars previously filled with mercury. 
This gas has been but imperfectly examined, owing to the dif-
ficulty ofprocuring tellurium in sufficient quantity for experi- 
Mental purposes. 	The following are its properties, as far as 
they have been ascertained. 

It is transparent and colourless, and possesses the mecha- 
nical properties of common air. 	It has a strong peculiar 
smell, bearing considerable resemblance to that of sul- 
phureted hydrogen. 	It burns with a bluish flame, and 
oxide of tellurium is deposited. 	It is soluble in water, and 
gives that liquid a claret colour. 	Davy was not able to de- 
termine whether it reddens vegetable blues. 	But in other 
respects it possesses the properties of an acid, combining 
With alkalies, and precipitating most metallic solutions like 
Sulphureted hydrogen. 	There is reason to suspect that this 
compound may be formed by heating tellurium in hydrogen 
gas. 	Chlorine gas immediately decomposes it. 	The coin- 

. 	 . 
• Davy; Elements of Chemical Philosophy, p. 409. 
f Ruhiand; Schweigger's Journal, xi. 140. 
: Phil. Trans. 1810, p. 16; or Nicholscha's Journal, xxvi. 333: 
§ Nicholson's Animal, uxvi. 132. 

'VOL. I. 	 X 
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Book 1. 	pound of tellureted hydrogen and potash is immediately 
Division IL decomposed when the solution of it is exposed to tl.e air. ...--,,,,_..... 

Berzelius has endeavoured to show by indirect experiments 
that the gas is a compound of 

. 100 	 4 Tellurium 
' 	' ' 4  Hydrogen 	3'1 	 0.125 , 

Supposing these proportions correct, 	it is ob..liously 	:), 
compound of 1 atom tellurium + 1 atom hydroen. 	If 
we Suppose it to be analogous to sulphureted hydrogen gas 
in its constitution, which is probable, its specific gravity in 
that case will be 2'30;4. 

Ritter, in 1808, discovered that when tellurium is con-,  
nected with the negative pole of a galvanic battery, and the 
circuit completed by dipping the tellurium in water, a brown 
powder is formed, which appears to be a solid compound of 
tellurium and hydrogen. 

VII. It would appvr, from an experiment of Berzelius, 
that tellurium is capable of combining with carbon.* 	The 
compound is a black powder; but its properties have not 
been examined. 

VIII. No experiments have been made on the combing- 
tion of tellurium with boron, silicon, or phosphorus. 	It 
may be combined with sulphur by fusion. 	The sulphuret 
has a leaden grey colour, and a radiated texture. 	On red- 
hot coals it burns with a green flame.t 

SECT. IX. 

OF OSMIUM. 

OSMIUM has been hitherto so imperfectly examined that 
we are not sufficiently acquainted with its characters to be 
able to assign it a proper place in a chemical arrangement. 
The great volatility of its oxide, its solubility in water, and 
its property of uniting.with alkalies, lead` to the suspicion 
that it is analogous to the substances placed under this. 

* Nicholson's Journal, xxxvi. 133. 
Klaproth's Beitrage, iii. 12. 
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genus. 	But future experiments must determine whether Chap. III. 
this suspicion be well or ill founded 	' '-"v---.)  

For the discovery of this very singular metallic substance, Discovery. 
"ewe are indebted to Mr. Tennant; Fourcroy and Vauquelin, 

indeed, observed some of its most remarkable properties, 
but they confounded it with iridium. 

Osmiura is separated from iridium by the process de-
szribed vAen treating of iridium, and obtained in the alka. 
line solui'bn, to which it communicates a yellow colour. 
When the alkaline solution is first formed, a pungent and 
peculiar smell is perceived, which Fourcroy and Vauquelin 
compare to that of oxymuriatic acid. 	As this smell con- 
stitutes one of the most remarkable properties of the metal-
lic oxide, Mr Tennant was induced by it to call the metal 
osmium. 

I. To obtain the oxide in a separate state, we have only How ob. 
to mix sulphuric acid with the alkaline solution, and distil 
with a moderate heat. ' A colourle3s liquid comes over, 

tallied.  

Consisting of the oxide dissolved in water. 	This liquid has 
a sweetish taste and a strong smell. 	It 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 plating with nitre. 	With a degree of heat under 
redness, there sublimes into the neck of the retort a fluid 
apparently oily, but which on cooling concretes into a solid 
semi-transparent mass, soluble in water; and the solution 
exhibits the same properties as that obtained by the preced-
ing process. 

When mercury is shaken in either of these solutions, they 
lose their peculiar smell ; and the osmium, reduced to the 
Metallic state, forms an amalgam with the mercury. 	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. Properties. 
'When heated in the open air, it evaporates with the usual 
smell ; but in close vessels, when the oxidizement is pre-
vented, it does nsit appear in the least volatile. 

When subjected to a strong white heat in a charcoal 
crucible, it did not melt nor undergo any apparent altera-
tion. 

It is not acted upon by any acid, not even tile nitro-muri- 
x 2 
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Book I. atic, after exposure to heat; but when heated with potash,  
ision II. Div

....—.. ..„—, 
it combines with that alkali, and forms with it an oranges .. 	_ ut  . yellow solution. 

Oxides. II. The facility with which osmium is oxidized when - 
heated in the open air, or when fused with potash, thozigh, 
it resists the action of acids, forms one of the singular cha- 
racters of this metal. 	In these respects ,osmium diffefs 
from all other metallic bodies. 	 ,e 

The great volatility of this oxide, its peculiar tImell, its 
solubility in water, its sweet taste, and the yelloir colour 
which it assumes with potash, are not less anomalous. 

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 a mixture of iridium and osmium may be 
easily detected. 	The solution of iridium 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, and soon after the purple and blue 
colour of the latter appears. 

When alcohol or ether is mixed 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 jts oxygen to all the metals 
excepting gold and platinum. 	Silver, being kept in a solu- 
tion of it for some time, acquires a black colour ; but does 
not entirely deprive it of smell. 	Copper, tin, zinc, and 
phosphorus, quickly produce a black or grey powder, and 
deprive the solution of all smell, and of the power of turn- 
ing 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 osmium 
has not been tried. 

Alloys. IV. Neither do we know much of its combination with 
metals. 	It amalgamates with mercury. 	Heated with 
copper and with gold in a charcoal crucible, it melted with 
each of these metals, forming alloys which were quite mal- . 
leable. 	These compounds were easily dissolved in nitro- 
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inuriatic acid, and, by distillation, afforded the oxide of Chap. III. 
osmium with the usual properties.* ....—v......, 

' 	Vauquelin has lately examined the properties of osmium.t 
S.--.1j  e has • confirmed the experiments of Tennant ; but was 

•pag-sessed of too small a quantity of the metal to be able to 
add much to the chemical description of it. 

".s, -a 
,i' 

Such!'are .the properties of the first genus of simple 
combustible bodies. 	They are remarkable for the great 
'number of combinations into which they enter, and the im-
portant nature of many of the substances formed either by 
their union with each other or with the simple supporters. 

1. 	We have found reason to conclude that the weight of Weight of 
the atoms of these bodies may be represented by the follow- 
ing numbers, supposing the weight of an atom of oxygen to 
be 1. 

thea"ns* 

Hydrogen 	 0.125 	Phosphorus ... I•5 

, 	Carbon 	 0.75 	Sulphur 	 2 
' 	Boron . 	 0.875 	Tellurium 	 4 

Silicon 	 P 	Arsenic 	 415 
These numbers are important ; because they represent the 
proportions according to which these bodies enter into com- 
binations. 	They are all aliquot parts 	of 0'125, 	which 
represents the atom of hydrogen. 	If, therefore, we repre- 
sent the weight of an atom of hydrogen by 1, the following 
numbers will, in that case, be the weight of the atoms of the 
respective bodies : 

Hydrogen. 	 1 	Phosphorus 	 12 
Carbon 	 6 	Sulphur 	 16 
Boron 	 7 	., Tellurium .... 32 
Silicon.. 	 8 	 Arsenic 	 38 

This is the mode of representing these atoms, which Mr. 
Dalton has chosen. 

Of these weights that of boron and of silicon are the 
least certain ; because we know only one compound which 
they form with oxygen. 	In the present state of our know- 

* All the facts in this Section were ascertained by Mr.. Tennant. 	It 
was impossible to use the experiments of the French chemists, because 
they have confounded iridium and osmium. 

t Ann. de Chita. Inxix. 241. 

. 

   
  



310 
	 SIMPLE COMBUSTIBLES. 

Book I. ledge, however, the weight of an atom of boron and 
Division IL ......„,..., silicon is of comparatively little consequence. 	The weights 

of boracic acid and silica, the substances which enter into k;  
these combinations with which we are acquainted, are mud, ' 
more important. 	They have been determined with Ifiti-ch 
more precision, and are as follows : 

Boracic acid 	 2'875 
Silica ,     2•Co 

Corn- 2. All of these bodies combine with oxygen, 'some of pounds 
with oxy-
gen, 

them with only one proportion ; others with two, and some 
with three of that substance. 	This will be seen by the fol-
lowing table : 

Hydrogen 	u„1,1,. 	1 zgog:ifixzrg 	Water 
Carbon 	 2 	f Carbonic oxide 

1 Carbonic acid 
C Oxide of boron? 	' Boron. 	 2 2 	 ?.. Boracic acid 

Silicon 	 1  	Silica 
Hypophosphorous acid 

Phosphorus 	 s 	Phosphorous acid 
Phosphoric acid 
Hyposulphurous acid 

Sulphur 	 3 ...... . . . . 	Sulphurous acid 
• Sulphuric acid 

C Arsenious acid Arsenic 	 2 	 ?.. Arsenic acid 
. 	. Tellurium ...... 1  	Oxide of tellurium 

We see that they are all capable of forming acids with 
oxygen, excepting hydrogen, which forms the neutral coin, 
pound, water.  

The order of their affinities for oxygen at a red heat, 
which seems necessary to promote the action, is as follows : 

Oxygen 
Silicon 
Hydrogen 
Carbon 
Boron 
Phosphorus 
Sulphur 
Arsenic 
Tellurium 
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In this table the substances placed nearest oxygen have the Chap. M. 
property of separating that principle from all those below 
them. 

‘"--v—d  

''.:1-7'3. They are all capable of combining with chlorine; Withehlo- 
ex6pt carbon. 	With respect to silicon, indeed, no expe_ 
riments have hitherto been made. 	The following table 
ex'lmbits the number of such 	combinations at present 
known: -1 ' 

,d 	 

rine, 

Hydrogen 'it'Vet 1 Priol.T.tr 	Muriatic acid 
Carbon 	 0 
Boron 	 1 	Chloride of boron 
Silicon 	Unknown 
Phosphorus 	 2 	f Protochloride of phosphorus 

I Perchloride of phosphorus 
Sulphur 	 1 	Chloride of sulphur 
Arsenic 	 1  	Chloride of arsenic 
Telliirium 	 J 	Chloride of tellurium 

Doubtless many blanks remain in these combinations to 
be filled up. 

With respect to the order of affinities of these bodies for 
chlorine we know but little. 	Hydrogen seems capable of 
depriving most of them of chlorine at a moderately high 
temperature. 	But a sufficient number of experiments has 
not yet been made on the subject. 

4. They are all capable likewise of combining with iodine, 
except carbon. 	Upon boron and silicon no experiments 
have been made. 	The following table shows these combi- 
nationlas far as known: 

With 
iodine, 

hydrogen 	iotTin 	1 	1-=`,';°' Hydriodic acid 
Carbon 	 0 	., 
boron 	Unknown 
Silicon  	Unknown 
Phosphorus 	 2 	 f Protiodide of phosphorus 

1 Periodide of phosphorus 
Sulphur 	 1  	Iodide of sulphur 
Arsenic 	 1  	Iodide of arsenic 
...Tellurium 	 1 	Iodide of tellurium 

We see from. this table that the combinations of iodine 
and chlorine with these bodies are exactly analogous. 

We have no data to determine the affinities of these dif- 
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Book 1. ferent bodies for iodine. 	Hydrogen will probably be found 
Division II. .........,r—d to have the strongest. 

b. Only three of these bodies areknown at present to com- With 
fluorine. bine with fluorine, and they all form with it very powerfa14.; 

acids. 	These are 	 ...-' 

Hydrogen forming Fluoric acid 
Boron 	 Fluoboric acid 
Silicon 	 Fluosilicic acid. 

No experiments have been hitherto made on the combination 
of the other bodies with fluorine. 	The affinities of these 
bodies for fluorine seem to follow an order, the inverse of 
that in which they stand in the preceding table. 

6. All these bodies have the property of combining with 
hydrogen, and offonning with it a permanently elastic fluid. 
On silicon, indeed, 	no experiments have been hitherto 
made. 	But we have every reason from analogy to conclude 
that a gaseous compound of silicon and hydrogen will be 
hereafter discovered. 	None of the other simple combusti- 
bles have this remarkable property. 	Two of these gaseous 
combinations possess acid properties; .namely, sulphureted 
hydrogen gas and tellureted hydrogen gas. 	The others are 
destitute of acidity. 

7. But few experiments have been hitherto made upon the 
compounds which the last seven of these substances are capa- 
ble of making with each other. 	The facts ascertained have 
been detailed in the preceding sections. 

• 8. Hydrogen and carbon are capable of combining with 
azote, and forming ammonia and cyanogen, two gaseous 
bodies; the first of which possesses the properties of an 
alkali; the second of a supporter of combustion. 

9. Thus the eight bodies described in the eight preceding 
sections are distinguished from all the other simple combus-
tibles by two remarkable properties. 

I. They all form acids by uniting with the supporters of 
combustion. 

II. They are all capable of entering into gaseous combi-
nations with hydrogen.* 

• If silicon be an exception;  we must add or a simple supporter of 
combustion. 

   
  



ALKALIFIABLE COMBUSTIBLES. 
	 313 

Neither of the two following genera possess these pro- Chap. Ill. 
perties, ,.......v.....0 

GENUS II. 	ALKALIFIABLE COMBUSTIBLES. 

All the substances belonging to this genus are solids, and are 
imislly distinguished by the name of metals. 	They have 
the prOfiairy of-;Initing to oxygen, and forming with it com-
pounds ohpable dr neutralizing acids, and of constituting 
salts. 	Now suer? bodies are called alkalies. 	All the salifi! 
able bases are feirmed from substances belonging to this 
genus. 	The only exception is oxide of tellurium, which 
possesses both thq properties of an acid and an alkali. 
Tellurium, therefore, constitutes an intermediate substance 
between this genus;and the preceding, though it is more 
closely connected with the preceding genus. 

Iz, Metals may be considered as the great instruments Properties 
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 chemistry, 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 posses, and which has 
been called the metallic lustre. 	There are other bodies 
indeed (mica for instance) which apparently possess this 
peculiar lustre; but in them it is confined to the surface, 
and 	accordingly disappears when they are scratched; 
whereas it pervades every port of the metals. 	This lustre 
is occasioned by their reflecting 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 mirrors, of which they always form the basis. 

2. They are perfectly opaque, or impervious to light 
even after they have been reduced to very thin plates. Silver 
leaf, for instance, 	of an inch thick, does not permit 00100 6  

of metals. 

Lustre. 

opacity, 
. 

the smallest ray of light to pass through it. 	Gold, however, 
When very thin, is not absolutely opaque: for gold leaf 
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Book I. ,--1 t rrii  of an inch thick, when held between the eye and I - 15-E  
Division it. the light, appears of a lively green; and must therefore, as 

Newton first remarked, transmit the green coloured rays. -̀'—v*-1  
It is not improbable that all other metals, as the same plfil-7-
losoplier supposed, would also transmit light if they colid 
be reduced to a sufficient degree of thinness. 	It is to this 
opacity that a part of the excellence of the metals, as r-i:fit.; 
rors, is owing; 	their brilliancy alone world. .116 . qualify 
them for that purpose.  

Fusibility. 3. They may be melted by the application of heat, and 
even then still retain their opacity. 	This 1property enables 
us to cast them in moulds, and then to giv/e them any shape 
we please. 	In this manner many elegant iron utensils are 
formed. 	Different metals differ exceedingly from each 
other in their fusibility. 	Mercury is so very fusible, that it 
is always fluid at the ordinary temperature of the atmos-
phere; while other metals, as platinum, cannot be melted 
except by the most v'olent heat which it is possible to 
produce. 

Weight. 4. Their specific gravity is exceedingly various, more so 
indeed than that of any other class of bodies at present 
known. 	The greater number of them are heavier than any 
other known substances. 	This indeed, till very lately, was 
considered as a character belonging to them all. 	But 
several 	very singular metals, discovered by Davy, 	are 
not so heavy as water, and of course much lighter than 
most stony bodies. 	Platinum, the heaviest of the metals, is 

. 2P5 times heavier than water ; while the specific gravity of 
potassium is little more than 0•6, that of water being 1. 

Conducting 
power. 5. They are the best conductors of electricity of all the 

bodies hitherto tried. 
Hardness 6. None of the metals is 1 cry 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 combination of copper and 
tin. 

Elasticity. 7. The elasticity of the metals depends upon their hard-
ness ; and it may be increased by the same process by v,hich 
their hardness is increased. 	Thus the steel of which the 
balance-springs of watches is made is almost perfectly elastic, 

1 
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though iron in its 'natural state 	but little elas- possesses Chap. III. 
ticity. 1/4---v---d 

„„ 	 8. But one of their most important properties is mallea- Malleabi- 
! Wity, by which is meant the capacity of being extended 
arta-flattened when struck with a hammer. 	This property, 

litY' 

.which is peculiar to metals, enables us to give the metallic 
r.Zil:( any form we think proper, and thus renders it easy for 
us to c-o-r)retiT,1?,m into the various instruments for which 
we have i'bccasion), 	All metals do not possess this property; 
but it is remarkatle that almost all those which were known 
to the ancients h4ve it. 	Heat increases this property con- 
siderably. 	Meta 	become harder and denser by being 
hammered. 

9. Another prob rty, which is also wanting in many 
of the metals, is dalility ; by which we mean the capacity 
of being draearout into wire by being forced through holes 
of r lions diameters. 

10. Ductility depends, 	in some omeasure, 	on another 

Ductility. 

Tenacity. 
'property which metals possess, namely tenacity ; 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 f'rom its extremity. 	Metals differ exceedingly 
from each other in their tenacity. 	An iron wire, for 
instance, -14th of an inch in diameter, will support, without 
breaking, about .5001b. weight ; whereas a lead wire, of the 
same diameter, will not support above 291b. 

The bodies belonging to this genus are 27 in number, 
and they may, I think, be subdivided into five different fa-
milies or groups. 

FAMILY I. 
The substances belonging to this family are six in mun- 

ber. 	Their names are as foll4nws : 
1. Potassium 	 4. Barium 
2. Sodium 	 5. Strontium 
3. Calcium 	 6. Magnesium. 

The combinations of these bodies with .oxygen possess 
the alkaline properties in the greatest perfection. 	They all 
convert vegetable blues to green. 	They are all soluble in 
Water except the oxide of magnesium. 
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Book I. 
Division II: 	 SECT. I. 
`—v—i 

OF POTASSIUM. 

Method of 	IF a sufficient quantity ofwOod be burnt to ashes, and 't&ie pr
t
oc
ash

uring 	ashes be afterwards washed repeatedly with water till it comes po. 
off free from any taste, and if this liquid be filtro...l'and 
evaporated to dryness, the substance whic!.'ieinalis behind 
is potash ; not, however, in a state of put.'ty, for it is conta-
minated with several other substances, b.itt sufficiently pure 
to exhibit many of its properties. 	In thi:i state it occurs in 
commerce under the name of potash. qVhen heated to 
redness, many of its impurities are bfirnt off: it becomes 
much whiter than before, and is then tnown in commerce 
by the name of pearl-ash. Still, however-2, it is contaminated 
with many foreign bodies, and is itself comli..ed with car.,  
bonic acid gas, which blunts all its properties. 	It nLy be 
obtained perfectly pur0 by the following process : 

1. Mix it with twice its weight of quicklime, ind ten 
times its weight of pure water : boil the mixture for some 
hours in a clean iron vessel, or allow it to remain for 48 
hours in a close glass vessel, shaking it occasionally. 	Then 
pass it through a filter. 	Boil the liquid obtained in a silver 
vessel very rapidly, till it is so much concentrated as to 
assume when cold the consistence of honey. 	Then pour 
upon it a quantity of alcohol equal in weight to one-third of 
the pearl-ash employed. 	Shake the mixture, put it on the 

. 	fire, let it boil for a minute or two, then pour it into a glass 
vessel, and cork it up. 	The solution gradually separates 
itself into two strata : the lowest consists of the impurities, 
partly dissolved in water and partly in a solid state ; the 
uppermost consists of the pule potash dissolved in alcohol, 
and is of a reddish-brown colour. 	Decant this alcohol 
solution into a silver basin, and evaporate it rapidly till a 
crust forms on the surface, and the liquid below acquires 
such consistence as to become solid on cooling. 	Then pour 
the solution into a porcelain vessel. When cold, it concretes 
into a white substance, which is pure potash. 	It must be 
broken to pieces, and put into an air-tight phial. 	I 	• 

For this process we are indebted to Berthollet.* 	The 

* Jour. de Phys. xxviii. 401. 
2 
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following, which was first proposed.  by Lowitz of Peters- Chap. Ill. 
burgh, is less expensive. 	The potash of commerce and 
quit 	 me are to be boiled together, as above described. 

1 /4—v---'' 

,z._--fte filtered liquor is then to be evaporated till a thick pelli- 
/-u‘zppears on its surface, and afterwards allowed to cool; 
and all the crystals which have formed are to be separated, 
it'r ttey consist of foreign salts. 	The evaporation is then to 
be cotitil*Z't.an iron pot; and, during the process, the 
pellicle Aich forps on the surface is to be carefully taken 
off with an iron sl mmer. 	When no more pellicle appears, 
and when the m 	ter ceases to boil, it is to be taken off the 
fire, and must b:, constantly agitated with an iron spatula 
while cooling. 	It :s then to be dissolved in double its own 
weight of Water. 	'.:his solution is to be filtered and evapo- 
rated in a glass r; ort * till it begins to deposite regular 

j 

crystals. 	4: t4e-  mass consolidates ever so little by cooling, 
a spv11 quantity of water is to be added, and it must be 
heated again. 	When a sufficient number of crystals have 

-been formed, the liquor which swims over them, and which 
has assumed a very brown colour, must be decanted off; and 
kept in a well-closed bottle till the brown matter has sub-
sided, and then it may be evaporated as before, and more 
crystals obtained.i- 

A still simpler method is employed by Klaproth. 	He 
boils equal parts of salts of tartar (carbonate of potash pre., 
pared from tartar), and Carrara marble or oyster shells, 
burnt to lime, with a sufficient quantity of water, in a 
Polished iron kettle. 	The ley is then strained through 
clean linen, and though still turbid, is reduced by boiling, 
till it contain about one half its weight of potash. 	It is then. 
Passed a second time through a linen cloth, and set by in a 
glass bottle. 	After some days, when the ley has become 
Clear of itself, it is decanted off from the sediment into ano-
ther bottle.t 

That potash was known to the ancient Gauls and Ger-
taans cannot be doubted, as they were the inventors of soap, 
Which, Pliny informs us, they composed of ashes and tallow. 
These ashes (fbr he mentions the ashes of the beech-tree 

* Dr. Kennedy observes, very justly, that a glass retort ought not to be 
ernplO'yed, because potash in this state dissolves glass. Edin. Trans. v. 9T. 

1' Nicholson's Journal, 1. 164. 
; lilaproth's Beitrage, i. Preface, p. 10. 	

• 

' 
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Book I. particularly) were nothing else but potash; not, however,in 
Divi'i'n II-  ........v.......... a state of purity.* 	The xovia, too, mentioned by ,Aristo- 

phanes and Plato, appears to have been a ley made of . the 	i 
same kind of ashes. 	The alchymists were well acquain 
with it; and it has been in every period very much qii;: 
ployed in chemical researches. 	It may be said, however;  
with justice, that till Berthollet published his process iv. the' 
year 1786, chemists had never examined ir,',:.:,-;f -  .n a state 
of complete purity.t 	 i. 

Properties 
of potash. 2. Potash is a brittle substance of a wlitite colour, and a 

smell resembling that which is perceived d'ging the slacking 
of quicklime. 	Its taste is remarkably acirid; and it is so 
exceedingly corrosive, that when applieg to any part of the 
body, it destroys it almost instantaneouhly. 	On account of 
this property, it has been called caustic, gnd is often used by 
surgeons, under the name of the potential can-'1, to open 
abscesses, and to destroy useless or hurtful excrescercPF, 
Its specific gravity is 1570854 

How do- 
composed. 

3. When potash is perfectly dry it is a non-conductor of . 
electricity, but it becomes a conductor when slightly moist-
ened on the surface, a degree of moisture which it acquires 
by being exposed for a few seconds to the atmosphere. 
When pieces of potash in this state are placed upon a disc 
of platinum attached to the negative end of a powerful gal-
vanic battery, and a platinum wire from the positive extre-
mity is made to touch its upper surface, the potash is gra-
dually decomposed, oxygen gas separating at the extremity 

• of the positive wire, while globules of a white metal like 
mercury appear at the side in contact with the platinum 
disc. 	A number of accurate experiments demonstrated to 
Sir H. Davy that these globules were the basis of potash, 
and that they were converttld into potash by absorbing 

Plinii lib. xviii. c. 51. 
-1- Potash was long distinguished by the name of vegetable alkali, be-

cause it is obtained from vegetable:3, and because it was long thought tt3 
be peculiar to the vegetable kingdom; but this is now known to be a 
mistake. It was called also salt of tartar, because it may be obtained by 
burning the salt called tartar. 	Mr. Kirwan has gi\en it the name of 
tartarin ; Klaproth, kali ; and 	Dr. Black, lixiva. 	By most British • 
chemists it is called potash; but this term, in common languag,, sig-
nifies the carbonate of potash, or the potash of commerce. 

4 Hassenfratz, Ann. de Chiin. xxviii. 11. 
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oxygenl 	This brilliant discovery was made in the year Chap. I11. 
1807; 	To the metallic basis, thus discovered, Davy gave 
the n 	e ofpot6sium.t 

`Thr-"°' 

,.T.F--!‘-::Yoon after Gay-Lussac and Thenard discovered that 
w,:issium could be obtained in greater quantities by passim13,. 

...potash through iron turnings, heated to whiteness in a gun_ 
olTrel covered on the outside with clay to protect it from 
the aCtioitr l'2.2.:fi..re.I 	This difficult process was improved 
by Mr. Sinithson Xennant in 1814.§ 

The properties f potassium were ascertained with much 
industry and sagaNty by Sir H. Davy. 11 	They were like- 
wise examined with much care by Gay-Lussac and. Thenard, 
who corroborated ',1}e facts determined by Davy, and added 
some important one A of their own.** 

Potassium is wh_rifi', and it has the metallic lustre as com- Properties 
pletely as silyr:41-5nnercury. 	At the temperature of 50° it is 
a, soft.mid malleable solid. 	Its fluidity becomes perfect at 

:ifuPm°'" 

1361, and at 32° it is hard and brads, and when broken in 
fragments exhibits a crystalline structure. 	Nearly a red 
heat is required to convert it into vapour. 	Its specific gr, a- 
vity at 60° is 0'86507, so that it is lighter than water. 	It is 
an excellent conductor of electricity and of heat. 

II. When potassium is exposed to the air, it absorbs 
oxygen, and is covered with a crust of potash in a few 
minutes. This crust absorbs water, which is rapidly decom-
posed, and in a short time the whole becomes a saturated 
solution of potash. 	When heated in oxygen gas to the 
temperature at which it begins to evaporate, it burns with a 
brilliant white light producing intense heat. 

Oxides, 

When thrown upon the surface of water it decomposes 
that liquid with rapidity, and the hydrogen gas evolved, 
carrying with it small partick$ of the metal, takes lire in 
the air, and communicating the combustion to the potas-
sium, the whole burns with a kind of explosion. 

Potassium combines with two proportions of oxygen and 
forms two compounds, which have received the names of 
Potash and peroxide of potassium. 

' Davy has given'a detailed account of it in Phil. Trans. 1808. 
t The German and Swedish chemists call it kalium. 
1 "A'1:is process is described at length in Recherches Physico-chimiques,  

L 74. 	§ Phil. Trans. 1814, p. 587. 	II Ibid. 1808, p, 1, 
" ltecherches Physico-chlutiques, i. 107. 

   
  



320 
	 SIMPLE COMBUSTIBLES. 

Book I. 1. Potassium is converted into potash when put into 
Divisim ....—„,„— I.,I'  water. 	That liquid is decomposed giving out hydrogen 

gas, while its oxygen unites to the potassium and ct,riverta 
it into potash. 	According to the experiments of 	 ,Cilyri;" 

Composi- Lussac and Thenard 34•177 grains of potassium when • ,,y,iit' 
tion 
ash. 

of pot- Into water, evolve 40•655 cubic inches of hydrogen gas at 
the temperature of .59°, and when the barometer stands-14 
29•351 inches.* 	Hence, under a pressure„sf-aai inclies of 
mercury, the quantity of gas evolved • vould have been 
39.776 cubic inches. 	According to thisi experiment,. 100 
grains of potassium, when converted inkl  potash in water, 
occasions the evolution of 116'38 cubic 'itches of hydrogen 
gas. 	Consequently the potassium must; have united with a 
quantity of oxygen equivalent to 58.15 cubic inches. 	But 
58'19 cubic inches weigh 19.72 grains.,:, According to this - 	... experiment, potash is composed of 

Potassium 100 
Oxygen 	19•72 

Berzelius took an amalgam of potassium, decomposed it 
by water, saturated the potash by muriatic acid, and then 
determined its quantity by weighing the salt which he had 
thus formed. 	The loss of weight of the amalgam gave him 
the quantity of potassium. 	This weight, subtracted from 
that of the potash, gave the quantity of oxygen with which 
it had combined. 	The result of his experiments gave him 
potash, composed of 100 potassium + 20'525 oxygen ; t 
but which he afterwards corrected to the following num-
bers :I 

Potassium 100 
Oxygen 	20.45 

Now the mean of these tWa sets of experiments gives us 
potash composed of 

Potassium 100 
Oxygen 	20.08 	 ) • 

Hence, I think, we may without hesitation adopt the fol-
lowing as the true proportions in which the constituents of 
potash combine; 

* Recherches Physico-chimiques, i. 117. 
t -Ann. de Chim. lxxx. 245. 	t Annuls of Philosophy, iii. 360. 
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Potassium ..100 
Oxygen .. ..20 

Chap. 
---v---i 

It-X. -r,:::e consider potash as a compound of 1 atom potas--, 
,...1tum and 1 atom oxygen, and nothing appears contrary to 

thi• supposition ; then it follows that the weight of an atom 
of potassium is 5, and that of an atom of potash 6: 	6 ac- 
accdrdingly is the equivalent number according to.  which 
potaSh en:efs'ii,;:-) all combinations. 

• 

The 'peroxide g potassium was discovered in 1810, by Peroxide: 
Gay-Lusac and l'henard. 	It is formed by heating potasr  
slum in a glass !.. _],r filled with oxygen gas. 	A vivid com- 
bustion takes iiladi!, and a great deal of oxygen gas is ab- 
sorbed. 	From the experiments of Gay-Lussac and The- 
nard, it appears that 100 grains of potassium, when thus 
burnt, arc capably  absorbing 177 cubic inches of oxygen 
gas. 	1-1.fw.-..t- Ellis peroxide is composed of 

.• _ Potassium —100 or,5 • 
. 	 Oxygen 	....60 .. 3 
So that it is a compound of 1 atom potassium and 3 atoms 
oxygen. 

This peroxide is a• solid body of a yellow colour. 	It 
fuses when exposed to a temperature higher than is re- 
quisite to fuse common caustic potash. 	On cooling, it 

. 

Crystallizes in plates. 	When put into water it effervesces, 
and is reduced to the state of potash, giving out the excess 
of oxygen which it contained. 	When brought in contact 
With phosphorus, sulphur, and carbon, combustion takes 
Place' when the temperature is raised; 	these bodies are 
acidified, and the acids formed unite to the potash. 	When 
Surrounded with hydrogen and heated, that gas is absorbed 
Without the appearance of lights and much water is formed. 
In like manner, sulphurous acid, and protoxide of azote, 
are acidified when it is heated in them. 	Ammonia is 
deepmposed, 	water 	being formed and 	azotic gas dis- 

gaaed.* t, 
.• 3. Gay-Lussac and Thenard describe a third oxide of 

1:
:°r•aliutri containing less oxygen than potash. 	But they 
have produced no evidence that it is any thing else than a 
loixturc;  of potassium and potash.} 

Recherches Physico-chimiques, i. 1213. 	f Ibid. p.126. 
VOL. I. 
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Book I. III. Potassium combines readily with chlorine, ansi forms 
Division IL a compound called chloride of potassium.  
Ch
s_

lor
v.......  
ide o When potassium is introduced into chlorine gas, i4urns f 

potassium. with a brilliant red flame, the chlorine is absorbed, aria 
whole is converted into a white saline mass. 	This substatmmar  
is chloride of potassium. 	If potash be heated in chlorine 
gas its oxygen is disengaged, while the chlorine is absoi.,ea 
and takes its place. It appears from this exm-iment,-(vhich 
was made by Davy, that at a red heat :potassium has a 
stronger affinity for chlorine than it has c:rr oxygen. 

1. Chloride of potassium has been lo;ig known to che- 
mists. 	It was formerly distinguished by, the names of fe- 
InIfuge or digestive salt of Sylvius; and;doerhaave called it 
regenerated sea salt. 	The French chemists gave it the name 
of muriate of potash, which it retainektill its true nature 
was pointed out by Sir Humphry Davy. 	That gentleman 
proposed to distinguish it by the term potassane ; LA.!:,4 con-
sider the name which I have given it as more systeniatie, 
and therefore preferable. 

2. It is easily obtained by saturating potash with mu-
riiitie acid, and exposing the compound formed to a red 
heat. 	At that temperature, it seems the oxygen of the 
potash unites with the hydrogen of the acid, and converts 
it into water while the potassium and chlorine remain 
united. 

3. This chloride is white, and seems to crystallize in 
cubes. 	Its taste is somewhat similar to that of common 
salt, but more inclined to bitter. 	Its specific gravity is 

Composi- 

1•836. 	When boiled in water it dissolves in 1.7 times its 
weight of that liquid.* 	It requires thrice its weight of cold 
water.i. 	But this difference is not sufficient to enable us to 
obtain regular crystals, by allowing a saturated boiling solu- 
tion of it to cool. 	Regular crystals can only be obtained by 
abandoning the solution to spontaneous evaporation. 	It suf- 
fers but little alteration in the air. 	It is not sensibly solu- 
ble in alcohol. 	 , 

Many accurate experiments have been made on the con ..' 
tion. position of this salt, on the supposition that it is a 7-..,- 

pound of muriatic acid and potash. 	The most accurate of 
these are the three following: 

Wenzel's Verwandtschaft, p. 310. 	f Bergman, Opuse. i. 134. 
1 
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Acid 	55* 	 35'84 ...... 	34 	Chap. III. 
Base 	65 	 64*15 	...... 	64 	 —v,,...../ 

Total 100 	100. 	100 
.The last two of these analyses almost coincide. 	If we  

correct them by depriving the potash of its oxygen, and 
'..yo 	g the amount to the acid, we shall find the composi-
tion of the chloride 

Berzelius. 	Kirwan. 
Clihn;ine 	48'114 	 48 
Potassium 53'46   53.333 

sow, if we suppose it a compound of 1 atom chlorine 
and 1 atom potass.um, its constituents will be 

Chlorine 	4.5 	 48'6 	90 
Potassip in 5 	 54 	 100 

Now tl.1-ez'u 'numbers coincide so nearly with the preceding 
afiarisis, that we can have no doubt tout their accuracy. 
• IV. Potassium combines readily with iodine, and forms a 
compound which we shall call iodide of potassium. 

When the vapour of iodine comes in contact with potas- Iodide of 
alum the metal takes fire and burns with a violet coloured potassium. 
flame, while the iodine is absorbed. 	The compound melts, 
kind is volatilized at a temperature below redness. 	On cool- 
ing it crystallizes, and assumes a pearly lustre. 	It dissolves 
readily in water, and the solution does not alter vegetable 
blues. 	This iodide has not been analysed; but there can 
be little doubt that it consists of an atom of iodine com-
bined with an atom of potassium, or of 

Iodine 	 15'625 	100 
Potassium  	6'000 	 . . S2 

V. 	Nothing is known respecting the combination of 
Potassium with fluorine. 	It does not appear capable of 
uniting with azote. 

yi. When potassium is heated in hydrogen gas a portion 
oyit is volatilized, and remains mixed with the gas. 	The- 
.hydrogen, in consequence, acquires the power of burning 
81361,neously when mixed with common air or oxygen gas. 

e Wenzel's Verwandtschaft, p. 100. 
. 	Berzelius; Ann. de Chim. lxxvii. 84. 
t Kirwan ; Nicholson's Quarto Journal, al. 5115. 

Y 2 
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Book I. But if the gas be kept it speedily deposits the potassium, 
Division II.  and is reduced to its ordinary state. 	We cannot, ti erefore, 

consider this as a gaseous compound of pOtaSsiiial4 and 
hydrogen. 

"--'d  

Hydruret. When 'potassium is heated in hydrogen gas, there is. a 
particular temperature intermediate between a red heat and 
the common temperature of the air, at which the F.)eit.ii 
absorbs the gas and is converted into a hydray_e_t. 	This hy-
druret has a grey colour, and is destitute of the -.netallic 
lustre. 	It is infusible, and does not burn spontaneously 
either in common air or oxygen gas. 	I. 	water it is con- 
verted into potash, and the hydrogen which it contains is 
disengaged along with what proceeds froah the water decom-
posed.* 	According to Gay-Lussac and Thenard, to whom 
we are indebted for the discovery of this hydruret, the quan-
tity of hydrogen which potassium absori,.:.;..is rather more 
than VI of what it disengages from water when c.:,-,tverted 
into potash. 	Now 1.00 grains of potassium evolve tron1 
water 116'4 cubic inches of hydrogen. 	The fourth part of 
116.4 is 29'1. 	But 29'1 	cubic inches of hydrogen gas 
weigh 0'616 grain. 	So that hydruret of potassium is 
Composed of 

• Potassium .... 	100 	 5 
Hydrogen .... 	0.616 	 0.0308 

But 0.0308 x 4 = 0'1232, which is nearly equivalent to 
the weight of an atom of hydrogen. 	We haye reason, 
therefore, to conclude that this hydruret is a compound of 
4 atoms potassium and 1 atom hydrogen. 	If sO, its con- 
stituents are 

Potassium 	 5 	 100 
Hydrogen 	 3'03125 .. .. 	0'625 

According to this statement 100 grains of potassium, in 
order to be converted into a hydruret, must absorb 29'5 
cubic inches of hydrogen. 	But this I consider as in rea;:ty 
+th of the hydrogen which potassium disengages from wat‘. r 
when it is converted into potash.  

VII. We arc not acquainted with any combinationiv..fdch 
potassium forms with carbon, boron, or silicon. 

* Recherches Physico-chimiques, i. 176. 
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VII; 
phoruo 

. When potassium is. heated in contact with phos- Chap. III.  
a combination takes place with the evolution of a -̀--\'— j̀  

we 	gilt. 	The phosphuret formed has a chocolate Phospha- --„:"" Zrolour, and is similar in appearance to phosphuret of lime. "t• 
it burns in the open air,,and when thrown into water a kind 

c'\,pf detonation takes place in consequence of the rapid evo- 
tu- 	of phosphureted hydrogen' gas. 	If we suppose this 
p'hosehuret Iv compound of one atom potassium and I 
atom Phosphorus;  its composition will be 

Potassium 	 5 	 100 
Phosphorus.... : 1'5  	30 

IX. Potassium ,:ombines, with sulphur with great energy Sulphuret 
when the two substances are heated together. 	A violent 
combustion accompanies their union. 	This sulphuret has 
a dark grey co.',;•;:it. 	When thrown into water it acts upon 
that kailit with' violence, Producing sulphureted hydrogen 
gas. 	'When heated in the air it lwrns brilliantly, and is 
-converted into sulphate of potash. 	From this experiment it 
follows that thii su/phuret is composed of 1 atom potassium 
and 1 atom sulphur, or of 	 • 

Potassium 	 $ 	 100 
Sulphur .. 	 2 	40 

X. Arsenic combines readily with potassium by the ap- Arseniuret. 
Vication of a moderate heat. 	Light is evolved during the 
combination. 	This arseniuret has a brown colour, and 
little of the metallic lustre. 	When put into water much 
less hydrogen gas is evolved.  than would have appeared if 
the potassium had. not keen alloyed with the arsenic. 	The 
reason is,, that a portion of it remains combined with the 
arsenic, forming a solid hydruiet of arsenics,* 

XI. 'the alloy of potassium and tellurium has not been 
examined. 

Potassium has so great an affinity for oxygen that it sepa- 
lUes that body from every one of the combustible substan- 
ces belonging 'to the preceding genus. 	The order o$ its 
aikt.,:ties for the supporters of combustion at a red heat 
are 	follows : 

* Gay-Lussac and Thenard;  Recherches Physico-chimiques, 224. 	• 
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Book I. 

Division II. Potassium 
Chlorine **--Ne-1 - 	 Iodine 
Oxygen. 

Of the simple aciclifiable combustibles it has the strongest, 
affinity for sulphur. 	Phosphorus comes next, and pr' 
hydrogen. 

, 

SECT. Hp 

OF SODIUM. 

Soda: SonA, called also fossil or mineral alkali,* because it was 
thought peculiar to the mineral kingdom; ...:ns known to the 
ancients (though not in a state of purity) nada utc-,names 
of vilpov and nitrum.t t s 

Prepare. It is found in large quantities combined with carbonic acid 
tion. in different parts of the earth, especially in Egypt; and 

common salt is a compound of soda and muriatic acid. 
But the soda of commerce is obtained from the ashes of dif-
ferent species of the salsola, a genus of plants which grow 
upon the sea-shore, especially from the salsola soda, from 
which the alkali has obtained its name. 	The soda of com- 
merce is also called barilla, because the plant from which it 
is obtained bears that name in Spain. 	Almost all the algae, 
especially the fuci, contain also a considerable quantity of 
soda. 	The ashes of these plants are known in this country 
by the name of kelp; in France they are called varec. 

The soda, or barilla, of commerce, is far from being 
pure; besides carbonic acid, it contains common salt, and 
several other fdreign ingredients ; but it may be obtained 
perfectly pure by the processes described in the last section 
for purifying potash. 

Soda and potash resemble each other so nearly, that tj.eY 
were confounded together till Du Hamel published his dis-
sertation on common salt in the Memoirs of the Frei'.,) 

t''r
. 
 . 

* Klaproth calls it natron, and the German and Swedish ch, •nists 
have followed his example. 

t The ai,, , of the Athenians was evidently the same substance; and 
so was the -in, of the Hebrews. 
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Acade; y for 1796. 	He first proved that the base of com- Chap. III. 
‘—v---1  trIon si t is soda, and that soda is different from potash. 

Ali, 	nclusions were objected to by Pott, but finally con- 
- %rmed by Margraff in 1758.* 

Soda is of a greyish-white colour, and agrees exactly with Properties. 
c Mash in its taste, smell, and action upon animal bodies; 

1?!.1t-Its specific gravity is only 1.3364 
1-Tht produces on it exactly the same effects as upon 

potash, 	When exposed to the air, it absorbs moisture and 
carbonic acid, and is soon reduced to the consistence of 
Paste : but it does not liquefy like potash ; in a few days it 
becomes dry again, and crumbles into powder. 

Many contradictory opinions respecting the component Formation 
parts of soda were advanced by different chemists. 	At last, of sodium.  
in 1808, Sir Humphry Davy succeeded in decomposing it, 
by the sairi— - . p riciCess which enabled him to obtain the basis 
.)fnotliti. 	Like that alkali its basis is a metal, and Davy 
distinguished it by the name of soditon.$ 

. 	Davy published a full account of its properties soon after 
its discovery.§ 	Gay-Lussac and Thenard succeeded in 
procuring it in large quantities by the process described in 
the last section for obtaining potassium. 	They likewise ex- 
amined its properties in detail, and published an elaborate 
account of them. H 	Berzelius made a set of very careful 
experiments in order to determine the proportions in which 
it combines with oxygen.** 

Sodium is a white metal, having a colour intermediate  Properties. 
between that of silver and lead. 	At the common tempera-
ture of the air it is solid and very malleable, and so soft that 
Pieces of it may be welded together by strong pressure. 	It 
retains its softness and malleability at the temperature of 
32°. 	It is an excellent conductor of electricity. 	Its spe- 
cific gravity is 0.972234 t It melts when heated to the tem-
perature of 191°,ft and requires a much higher temperature 

• 
Opusc. ii. 331. 	t Hassenfratz, Ann. de Chim. xxviii. 11. 
The German and Swedish chemists call it natriwn or natron. 

4 sg;dil. Trans. 1808, p. 1. 	H Recherches Physip-chimiques, i. 97, 
e' Ann. de Chim. lxxx. 245. 
-ft By the experiments of Gay-Lussac and Thenard. 	Davywakes it '0.  9348. 	But his experiment was on a very minute scale. 
u Gay-Lussac and Thenard. 
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Book I. to be volatilized than potash. 	Davy found it to 	'etnain 
)9 __,'vl " 11  fixed at a heat which melted plate glass. 	!I 
Oxides. II. Its affinity for oxygen is similar to that of po6ium. 

When exposed to the air it speedily is converted oli114:-.- 
surface to soda. 	As soda deliquesces mulch more slowly' 
than potash, a globule of sodium is not so soon destroyed bv, ,. 
exposure to the atmosphere as a globule of potassi;Jt;i. 
When put into water that liquid is rapidly decomposed; 
its hydrogen escapes in the state of gas while its )xygen 
converts the sodium into soda. 	Sodium, like potassium, 
combines with two doses of oxygen, and forms two com-
pounds, which are called soda and peroxide of sodium. 

Soda. 1. Soda is formed when the metal is brought in contact 
with water.. 	From the experiments of Gay-1.4ussac and 
Thenard, it appears that 38.394 grains of sodium, when 
converted into soda by decomposing waier,,,necasion the 
evolution of a quantity of hydrogen gas, which, at .i,..FlteP1.-
perature of 60°, and when the barometer stands at 29'882 
inches, amounts to 76.437 cubic inches.* 	Therefore, sup-
posing the barometer at 30 inches, the amount would be 
76.14 cubic inches. 	Consequently 100 grains of sodium 
would cause the evolution of .198'30 cubic inches of hydro- 
gen gas. 	The quantity of oxygen which united to the 
sodium to convert it into soda must have beers equivalent to 

Composi- 
lion. 

99'15 cubic inches, amounting in weight to' 33•G •grains, 
According to these data soda is a compound of 

'Sodium 	 100 
• Oxygen 	33'6 

Berzelius found, by a set of very careful experiments, that 
100 sodium, when converted into soda, combine with 31.61 
parts of oxygen,t which he afterwards corrected into 34'524 
Davy says that, in a careful set of experiments which he 
made on the subject, he found soda a compound of from 75 
to 73 sodium, and from 25 to 27 oxygen.§ 	Now the me;in 

. of the experiments of Gay-Lussac and Thenard, and of the,0 
Of Berzelius, give 34'06 as the quantity of oxygen ; whili.  
one of 1)avy's results is 334-. 	I think, therefore, we cap-',ii .- • 

• 
' Recherches Physico-chimiques, i. 121. 
+ Ann. de Ciiiin. 1xxx. 251. 
: Annals of Philosophy, iii. 360. 	§ Ann. de Chin. lx. 251- 
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hesita* to conclude that sodium, in order to be converted Chap. III. 
into 0.1  a, must combine with exactly one third of its weight 
of 	gen. 	Hence soda is composed of 

"-The.---1  

Sodium 	  100 
c,.. 	 Oxygen 	33.3 

- , e consider soda as a compound of 1 atom sodium and 
•--f ate 	oxygen, the weight of an atom of sodium will be 3, 
•and tav weight of an atom of soda 4. 
, 	2. The peroxide of sodium was discovered by Gay-Lus- 
sac and Thenard. 	.It is easily formed by heating sodium in 
oxogen gas. 	It burns with great splendour, and combines 
with a maximum of oxygen. 

Peroxide. 

,. • The peroxide of sodium, when pure, is of a dirty greenish 
yellow colony. 	It is fusible when heated, but requires a 
much higher temperature than the peroxide of potassium 
for ity:tUsion. 	When introduced into water, it is reduced 
to soda, giving out the'excess of oxygen which it contains. 

• ,From the experiments of Gay-Lussac and Thenard, it 
appears, that sodiarn in the peroxide is united with 11 times 
as much oxygen as in soda.* 	Hence it is composed of 

Sodium 100 	 2 
Oxygen 50 	 l' 

But we cannot conceive it to be a compound of 1 atom 
sodium + 1 	atom oxygen ; because atoms are considered 
as incapable of farther division. 	The only other alternative 
is to suppose it a'compound of 2 atoms sodium and 3 atoms 
oxygen. 	On that supposition an integrant particle of it 
will weigh 9. 	 . 

The action of the different combustible bodies and gases 
on the peroxide of sodium, as far as that action has been 
examined, bears a close resemblance to their action on per-
oxide of potassium4 

II. Sodium combines with great energy with chlorine,. 
ald forms a compound which may be called chloride of 
(Odium. 

.1. 	When sodium is introduced into chlorine gas, it takes fire 
s))  , itaneously and burns vividly, emitting bright red sparks. 

4  "11 	bstqnce formed •- chloride ve It maybe rrhn  , su 	c 	 is 	) 	sodium.   
surmed, likewise, by passing a current of chlorine gas over 

Chloride 

Recherches Physico-chicaiques, i. 151. 	t IUid. i. 154, 
2 
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Book y, soda, previously heated to redness. 	The soda givd'out its 
Division II. oxygen in the state of gas, and is converted into a ch t  -wide.. 

Chloride of sodium has been known, and in commottt,-,? as 
a seasoner of food from the earliest ages, under the names 
common or sea salt. 	Sometimes, also, it was called sal gem..-) 

s—v---I  

Glauber knew that muriatic acid could be obtained from ,!'-.;; . 
Stahl, in his Specimen Beccherianum, affirmed that itr,:t:c 
is an alkali. 	But Duhamel was the first who showef how 
to obtain this base in a separate state, and who demor..Wated 
the difference between it and potash. 	The true nature of 
this substance was first shown by Sir Humphry Davy. 

This chloride exists in great abundance native, and there- 
fore is never formed artificially by chemists. 	Immense 
masses of it are found in different countries, which require 
only to be dug out and reduced to powder., 	In that state it 
is called rock salt. 	The water of the ocean' also contains a 
great proportion of it, to which indeed it owes its state, in 
the power which it possesses of resisting freezing till cooled 
down to 28'5°. 	When this water is evaporated sufficiently, 
the chloride precipitates in crystals. 	It is by this process 
that it is obtained in this country. 	But the common salt of 
commerce is not sufficiently pure for the purposes of che-
mistry, as it contains usually muriate of magnesia, &c.; but 
it may be obtained pure either by repeated crystallizations, 
or by the following process : Dissolve it in four times its 
weight of pure water, and filter the solution. 	Drop into it a 
solution, first of muriate of barytes, then of carbonate of 
soda, as long as any precipitate continues to fall. 	Separate 
the precipitates by filtration, and evaporate slowly till the salt 
crystallizes. 

Properties. Common, salt usually crystallizes in cubes, which, accord.: 
ing to Hailyt, is the primitive form of its crystals and of 
its integrant particles. 	Sometimes the angles of the cubes 
are truncated ; and in urine the crystals of common salt, as 
Fourcroy and Vauquelin have ascertained, assume the fofin .,, 
of octahedrons. 	 . 	

N. 
Its taste is universally known, 	and is what is strictl'it 

speaking denominated salt. 	Its specific gravity is 27],r-  J`" 

* Davy. 	 t Mineralogy, ii. 357. 
t Fahrenheit; Phil. Trans. 1724, vol. xxxiii. 114. 	Kirwan makes it 

2120, and Dr. Watson found it 2143. 	See his Essays, v. 67., 
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Accorit ng to Bergman, it is soluble in 2'82 times its weight Chap. III. 
of cold' 	ater, and in 2.76 times its weight of boiling water.* \---v—I  
MI 	it is boiled for some time in water, it dissolves in 2.59 
fifties  its weight of that liquid.t 	The specific gravity of the 

Isaturated solution is P198, temperature 42°4 	Pure alco- 
.3:4>  does. not dissolve this salt, but it is somewhat soluble in 
r.!".:Ide of •830. 	' 

It ts not affected by exposure to dry air. 	The common 
salt ofommerce, indeed, contains a quantity of muriate of 
magnesia, which renders it deliquescent. 	It contains, also, 
sulphate of magnesia and sulphate of lime. 

When heated, it decrepitates. In a red heat it melts, and 
at a white heat it evaporates in a white smoke without un-
dergoing decomposition. 

Numerous very careful experiments have been made to comPosi- 
determine. the composition of this chloride. 	The three 
f-,llowag appear to me to be entitled to the greatest confi- 
dence. 	 0 

t" 

Berzelius.5 	Wenzel. ft 	Marcet.** 
Muriatic acid 	45'71  	46   	46 
Soda 	51'26  	54  	5+ 

100   100 	 100 
We shall obtain the true composition of the chloride by 

subtracting 4-th of its weight from the soda to reduce it to 
sodium, and adding the same quantity to the acid to convert 
it into chlorine. 	This will give us the constitution of the 
chloride as follows. 

• Berzelius. 	Wenzel. 	Marcet. 
Chlorine 	59'305  	59.5  	59'5 
Sodium 	40'695 	- 	40'5  	40.5 

100'000   100'0 	 100.0 

Now if we suppose it a compound of 1 atom sodium and 
4 atom chlorine, its constituents by weight will be 

/' itic,, 	Chlorine 4%5 . 	 60   150 
4pb A, 	Sodium 	3   40 	 100 

rilr - ' 
• Opusc. i. 134. 	 f Wenzel's Verwandtschaft, p. 510.  
I Watson's Chem. Essays, v. 84. 	§ Ann. de Chim. lxxvii. 84. 

11 Verwandtschaft, p. 101. 	411  Nicholson's Journal, ix. 30. 
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Book I. These numbers almost coincide with the. above al'Alyses;„ 
Division II' There cannot, therefore, be any doubt that the truel,ompo- 

is• as just stated. 	 ''..k...... sition —̀v"--1  
Iodide. III. No experiments have been hitherto made on 	'r 

combination of iodine and sodium. 	There cannot, however,, I 
be a doubt that they are capable of combining and formim• ., 

. an iodide of sodium. 	Hydriodic acid readily combines 
soda, and 'forms a salt which crystallizes in large p-fisms, 
very similar to sulphate of soda. 	It is very soluble ir:lwater, 
and deliquescent. 	When this salt is dried, we may consider 
it as an iodide of sodium.* 	It has not hitherto been ana- 
lysed. But we may consider it from analogy as composed 
of 1, atom sodium + 1 atom iodine, or by weight of 

Iodine 	15'625 	 100 
Soditun 	3•   • 19.2 

IV. Nothing is known respecting the combin 	of 
sodium with fluorine. cIt does not appear to have the pro- 
perty of combining with azote. 

V. Sodium, as far as is known at present, does not com- 
bine with hydrogen, carbon, baron, nor silicon. 

rhosphu- 
rct. 	is 

VI. Sodium combines readily with phosphorus, when. it 
brought in contact with that substance and heat applied. 

A feeble light appears during the combination. 	It has the 
colour and appearance of lead. 	Water converts it into 
phosphate of soda. 	When heated in the open air it is 
likewise converted into phosphate of soda. This conversion 
shows, that the phosphuret of sodium is a compound of 1 atom 
sodium and 1 atom phosphorus ; or by weight of 

Sodium 	3   200 
Phosphorus 1•5 	 100 

Sulphuret. VII. Sodium combines with sulphur, when heated with 
it in close vessels, with great vividness, muph heat and light 
being evolved. 	Sulphuret of sodium has a deep grey colour. 
When heated in the open air it takes fire, and is converte.d 
into sulphate of soda. 	Therefore it is a compound of k 
'atom sodium + 1 atom sulphur; or by weight of 	../ 

Sodium 3 	 150 	
r;;i4 

 
Sulphur 2 	 100 

VIII. It unites with arsenic when placed in contact with 

4  Gay-Lussac; Alm, do China.. ace. 56. 
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Ill am: raised to a cherry-red heat. A feeble light is emitted Chap. III. 
at thei  moment of combination. 	An alloy of I volume L-•- .,---/ 
sod' 	and 3 volumes of arsenic has a greyish white colour, 
i3" 	rittle, is fine granular, and has a strong taste. 	It is 

Arseniuret. 

'1Xapidly decomposed in'the open air. 	When put into water 
.-it is soon separated into soda and a brown powder which is 
0,20:druret of arsenic. 	Some hydrogen gas, likewise, makes .•,. 	) 
Its 6.-i„ape. 	An alloy of 2 volumes sodium and 1 volume 

l arsenat has a brown colour and earthy aspect without any 
metallic lustre. 	Water produces on it the same effects as 
upon the last-mentioned alloy.4F 

IX. The alloy of sodium and tellurium is still unknown. 
X. Potassium and sodium readily unite together, and Alloy with 

form a brittle crystallizable alloy, always more fusible than 
sodium, and often more so than potassium. 	Three parts of 
sodium and one`of potassium form an alloy which fuses at 

potassium' 

32°, turd crystallizes when plunged Into a mixture of snow 
and salt. 	If we increase the quantity of sodium (while the . 

• potassium remains as before) the 'alloy becomes less fusible; 
but it is always more fusible than sodium, and always brittle 
and crystallizable. 	One thirtieth of potassium is sufficient 
to give these properties to sodium in a marked degree, and 
to communicate to it the colour of silver. 	If we unite less 
than 3 parts of sodium with 1 part of potassium, we obtain 
alloys becoming more and more fusible. 	The fusibility doet 
riot diminish till the quantity of potassium be very consider- 
able. 	Ten parts of potassium and 1 of sodium form an 
alloy still liquid at 32°, and lighter than naphtha. f 

The affinities of the simple supporters of combustion for 
sodium are in the following order. 

• 

Sodium 
ChlOrine 
Iodine.  
Oxygen. 

,,Potassium has a stronger affinity for each of these bodies 
Can sodium has. 	Hence one of the easiest methods of 

T4rocurina• sodium is to heat a mixture of potassium and (4 	r, 
salt in 	

, r on salt in close vessels. 	Sodium is separated from the nre 	• 
p 	4A ion salt. .. ow  , 

* Recherches Physico-ctimiques, i.244. 
t Gay-Lussac and Thenard) Recherches Physico-chiniqUes, i. W. 
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Book i. Sulphur has the strongest affinity for sodium of tiiie ad- 
Diviss..... i°n  II. ..v....... difiable combustibles. 

• 
SECT. III. 

OP CALCIUM. 

LIME has been known from the earliest ages. 	Tliel  an- 
cients employed it in medicine; it was the chief ingredient 
in their mortar ; and they used it as a manure to fertilize 
their fields. 

Lime abounds in most parts of the world, or perhaps I 
should rather say, that there is no part of the world where 
it does not exist. 	It is found purest in lime-stones, and 
marbles, and chalk. 	None of these substances, however, 
is, strictly speaking, lime ; but they are all capable of be- 
coming lime by a well known process, by keeping them far 
some time in a white heat: this process is called the burning 
of lime. 	The product which in common language is deno- 
minated quicklime is the substance known in chemistry by 
the name of lime. 	 . 

Prepara- 1. Lime may be obtained perfectly pure by burning those 
tion. crystallized limestones, called calcareous spars, which are 

perfectly white and transparent, and also by burning' some 
pure white marbles. 	It may be procured also in a state of 
purity by dissolving oyster-shells in muriatic acid, filtering 

• the solution, mixing it with ammonia as long as a white 
powder continues to fall, and filtering again. 	The liquid 
is now to be mixed with a solution of carbonate of soda: the 
powder which falls, being washed and dried, and heated vio-
lently in a platinum crucible,. is pure lime. 

Properties. 2. Pure lime is of a white colour, moderately hard, but 
easily reduced to a powder. 

It has a hot burning taste, and in some measure corrodles 
and destroys the texture of those animal bodies to whicligit 
is applied. 	Its specific gravity is 2•3.* 	It tinges vegetable 
blues green, and at last converts them to yellow. 

With respect to the composition of lime nothing -''otter 
than conjecture was advanced on the subject, till Du ,v's.  

• 
Eirwan's Miner. i. S. 
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great ( scovery of the bases of potash and soda. 	This na- 1, Chap. III. 
turally,  ed him to the idea that lime and the other earthy 
bode ossessing properties similar to lime, were likewise 

1 

c&iiipounds of oxygen and particular metals. 

"--' The 

He accordingly exposed them in various states to the Discovery 
action of a galvanic battery, and found reason to conclude .., 
th441, his opinion of their nature was correct, though he 
ii5un'ait much more difficult to decompose them and obtain 
their tires, than it had been to obtain potassium and sodium 
by similar processes. 	When acted upon under naphtha 
they were not distinctly decomposed. 	When fused with an 
excess of potash, and acted upon in that state, the results 
were rather more distinct, metallic substances appeared less 
fusible than potassium, which burnt the instant after they 
were formed, and produced a mixture of potash and the 
earth employed. 	When the earths were exposed to the 
action of electricity, mixed with the oxides of mercury, tin, 
lead, or silver, amalgams were proilliced, which exhibited 

'f calciani* 

. properties indicating unequivocally that they were mixtures 
of the base of the earth employed and of the base of the 
metallic oxide mixed with it. 	But the quantity of amalgam 
obtained was too minute to admit of an accurate examina- 
tion. 	While Sir H. Davy was engaged in these experi- 
Irtents, he received a letter from Professor Berzelius of 
Stockholm, informing him that he and Dr. Pontin had suc-
ceeded in decomposing barytes and lime, by negatively 
electrifying mercury in contact with them. 	Davy imme- 
diately repeated this happy experiment, and succeeded 
completely in obtaining amalgams of the base of the earth 
employed. 	 I 

To procure these amalgams in sufficient quantity for dis-
tilling off the mercury, and olitaining the base of the earth 
pure, Davy combined his own previous method with that of 
Berzelius and Pontin. 	The earth was slightly moistened, 
mixed with one third of red oxide of mercury, and placed 
limn a plate of platinum connected with the positive end of 
4iie battery. 	A cavity was made in the earthy mixture, a 

6 zbule of about 60 grains of mercury put into it, and this 
:e connected with the negative end of the battery by a 

14'14' um wire. 	The amalgams obtained in this way were 
distilled in glass tubes filled with the vapour of naphtha. 
The greater part of the mercury was easily driven off; but 
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Book I. it was extremely difficult to separate the whole. 	The glom 
Division H. bule that remained behind was in all cases white like;  silver, 

solid, and extremely combustible. 	When exposed vs, the 
air it absorbed oxygen, and regenerated the earth firam 
which it was obtained in a few minutes. 	 ri 

‘ -v--;  

The metallic basis of lime Davy has called calcium. 	Hg',  
did not succeed in investigating its properties. 	It is x:;11...ip 
like silver, solid, and probably 4 or 8 times heaviely thin 
water. 	When heated in the open air it burns brilliantly, 
and quicklime is produced.* 

Lime. II. Calcium as flir as is known at present combines with 
only 1 proportion of oxygen, and forms the well known and 
important oxide called lime. 	The attempts to determine 
the proportion of oxygen in lime by the loss of weight 
which the amalgam of calcium underwent when put into 
water, and by the quantity of lime formed, though made 
by Berzelius with very great care, were ,npon so small a 
scale that great confid.ince cannot be placed in their accu- 
racy. 	The mean of three trials made in this way gives the 

Composi- 
tion of. 

composition of lime as follows :t 
Calcium 	 100 
Oxygen  	38'57 

But .from other considerations he has fixed the propor- . 
tions, 

Calcium 	 100 
Oxygen  	39'24 

There is a. method of coming to considerable certainty with 
respect to the accuracy of these numbers. 	Sulphate of lime 
has been analysed with great care, and is a compound of 

Sulphuric acid 	....„ 100 	• . • . 5 
Lime  	72.41 	.... 3'6205 

Carbonate of lime has been likewise analysed with great care 
it has been found composed of 

Carbonic acid 	 4.3•2   .2.75 
Lime 	 56'8   3'615 	

 , 
From the first of these salts it appears that, if the welt,. ..!"tht.  of 

* Phil. Trans. 1808, p. 333. 	t Ann de Chim. luxi. 13. 
/ Annals of Philosophy, iii. 360. 
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%ulplit4 c acid be represented by 5, the equivalent number Chap. III. 
‘—v for liml 	will be 3•6205. 	From the second we see, that if 	-'s  

the _.-fight of carbonic acid be: represented by 215, the 
eqUivalent number for lime will be 3'615. These two num- 
bers very nearly agree. 	I conceive we may therefore with- 

.....mt committing any sensible error consider 3.625 as the true 
erriT,.(tlent number for lime. 	As calcium combines with 
only o'be proportion of oxygen, we must suppose lime a 
compou'hd of 1 atom calcium + 1 atom oxygen. 	On that 
supposition its constituents will be 

Calcium 	 2'625 	 100  
Oxygen 	 1.000  	38.09 

So that the composition of lime agrees very nearly with the 
original experiments of Berzelius. 

III. When lime is heated in chlorine gas it is decom- Chloride. 
posed. 	It gives out its oxygen in the form of gas, and the 
calcium combines with the chlorine, forming a chloride of 

.calcium. 	From the experiments of Davy, to whom we are 
indebted for this very curious fact, it follows that for every 
volume of oxygen evolved two volumes of chlorine gas are 
absorbed. 	Hence it follows that chloride of calcium is 
composed of 1 atom chlorine united to 1 atom calcium. 	Its 
constituents therefore are 

Chlorine .... 4'5 	.... 	100 	.. .. 63'16 
Calcium 	... 2.825 	.... 	58.3 	.... 36'81 

Chloride of calcium is the substance distinguished among 
chemists by the name of muriale of lime. 	It was formerly 
called fixed ammoniac, because it was commonly obtained 
by decomposing sal ammoniac by means of lime. 

It is usually prepared from tie residue of that process, 
but it may be obtained by dissolving carbonate of lime in 
Auuriatic acid. 

Ifs crystals are six-sided striated prisms, terminated by Properties. 
liel' 	sharp pyramids. 	It is not easy to procure it in crys- * 1 	• 0 s, in consequence of its extreme tendency to deliquesce. 
104,-9(1, in summer, it is next to impossible to procure good 
tryst a  . 1 	but in winter they form spontaneously, if we 
cli,„die four parts of the salt in one of water, of the 
temperature of 70°, and expose the solution in an atmos- 
Ithere of 320. 

VOL. I. 	 Z 
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Boo 	I. k The taste of this salt is very bitter and pungent. .;(ts spe- 
Division II- ........„...) cific gravity is 1.76. 	 : 

It is extremely soluble in water ; water at 60° dikAving 
very nearly four times its weight of it. 	The solubility  solubili y di- 
minishes very rapidly with the temperature. 	Hence watet,r, 
at 30° does not dissolve above half that quantity, while6c6.,  
100° it dissolves any quantity of it whatever. 	In hot.AvIll- 
ther, therefore, it cannot be obtained in crystals, bit:, only 
in a hard, white, solid mass. 	Mr. Walker has asceft ained, 
that when the evaporation of the solution is carried on till 
its specific gravity is 1.450 at the temperature of 80°, it 
crystallizes when exposed to an atmosphere whose temper- 
ature is 32°. 	When its specific gravity at 80° is 1'490, it 
assumes on cooling the form of a hard pearl-colOured 
mass.t 

Alcohol dissolves this salt so copiously when concen-
trated, that I presume it is capable of taking up consider-
ably more than its own weight of the salt, even though 
previously exposed to a red heat to dissipate the moisture. 
So much heat is evolved during the solution as to cause the 
alcohol to boil. 

When this salt is exposed to the air, it attracts moisture 
very speedily, and deliquesces 	 . 

When exposed to the action of heat, it swells up, melts, 
and then loses its water of crystallization. 	A violent heat 
separates a small portion of mur4tic acid. 	When thus 
altered, it has the property of shining in the dark, as Hom" 

• berg first observed : Hence it has been called the phospho-
rus of Homberg. 

Composi- Of the experiments hitherto made to determine the con- 
tion. stituents of this chloride, the following are the most ac-

curate. 
Wenzel. t 	Marcet.§ 	Berzelius.lt 

Acid 	.... 	51  	49'23  	48'1 
Lime 	• • • . 	49 	• • • • • • 	5017  	51•9 

100 	100.00 	100.0 
When these analyses are corrected by converting the.-Yij'ae 

* flassenfratz, Ann. de Chim. xxviii. 12. 
t Nicholson's Journal, v. 226. 	t Verwandtschaft, p. 103. 
§ Nicholson's Journal, xx. 29. 	fi Ann. de Chim. lxxvii. $4. 
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into ctilcium according to .the data established above, we Chap. HI. 
Obtain)he..composition of this chloride as follows, 

,,,, ,, 	 Wenzel. 	Mama. 	Berzclius. 

‘..—v.....• 

Chlorine • • 	64•52 	• • • • 	6313 	• . • • 	621.1 
Calcium 	.. 	3548 	.... 	3617 	.... 	37'59 

.--, 	100.00 	100•00 	100.00 
If ib compare these analyses with the numbers deduced 

from ihe oxygen gas evolved which I consider as exact, it 
will be seen that the analysis of Dr. Marcet is nearest the 
truth. 	 • 

IV. Iodine of calcium may be obtained by combining 
hydriodic acid and lime, and exposing the compound to a 
strong heat. 	The hydriodate of lime is a very soluble and 
deliquescent salt. 	This iodide has not been analysed, but 
there can be no doubt that it is a compound of 1 atom 
iodine and 1 atom calcium, or of 0 

Iodide. 

Iodine 	 15•625 
Calcium 	3.625 

When lime is heated in vapour of iodine no oxygen as 
is evolved. 	Hence it appears that oxygen has a greater 
affinity for calcium than iodine has. 

V. We are ignorant of all the combinations which cal-
cium may be capable of forming with fluorine, azote, and 
the whole of the simple acidifiable combustibles. 	It com- 
bines with potassium and sodium, but we know nothing res-
pecting the nature of these alloys. 

The affinity or calcium for the supporters of combustion Affinities of 
are in the following order : calcium. • 

CakiTn 
Chlorine 
Oxygen 
Iodine. 

SECT. IV. • 
OF BARIUM. 

BARYTES was discovered by Scheele in 1774; and the Discovery 

first account of its properties published by him in his Di..14,  
z2 

of barYte4  

   
  



340 SIMPLE COMBUSTIBLES. 

Book 1. sertation on Manganese.* 	There is a very heavy Aineral, 
Division II. most frequently of a flesh colour, of a foliated texttre and 

brittle, very common in Britain and most other cowries, 
especially in copper mines. 	It was known by the name of 
ponderous spar, and was supposed to be a compound of suli,, 
phuric acid and lime. 	Gahn analysed this mineral iri 
1775, and discovered that it is composed of sulphuria•a0d 
and the new earth discovered by Scheele.t 	Scheele: pub- 
lished an account of the method of obtaining this earth 
from ponderous spar. t 	The experiments of these chemists 
were confirmed by Bergman, § who gave the earth the 
name of terra ponderosa. 	Morveau gave it the name of 
barote, and Kirwan of barytes ;II which last was approved 
of by Bergman," and is now universally adopted. 	Dif- 
ferent processes for obtaining barytes were published by 
Scheele, Bergman, Wiegleb, and Afswelius; but little ad-
dition was made to the properties ascertained by the origi-
nal discoverer, till Dr. Hope published his experiments in 
1793.tt 	In 1797, our knowledge of its nature was still 
farther extended by the experiments of Pelletier, Fourcroyt.  
and Vauquelin.tt 

Prepara- Barytes may be obtained from ponderous spar, or sul- 
tion• phate of barytes, as it is now called, by the following pro-

cess, for which we are indebted to Scheele and Vauquelin. 
Reduce the mineral to a fine powder ; mix it with the 
eighth part of its weight of charcoal powder, and keep it 
for some hours red hot in a crucible, and it will be con- 
verted into sulphuret of barytes. 	Dissolve the sulphuret in 
water, and pour nitric acid into the solution, and the sul- 
phur will be precipitated. 	The solution, which consists of 
nitric acid combined with barytes, is to be filtered and 
evaporated slowly till it cryaallizes. 	Put the crystals into 
a crucible, and expose them gradually to a strong heat; 
the nitric acid is driven off, and the barytes remains in a 
state of purity.§§ 

4  Scheele, i. 61 and 78 ; French Translation. 
1- Bergman's Notes on Scheffer, § 167. 
X 	Crell's Annals, iii. 3, Eng. Trans. 	§ Opusc. iii. 291. 
II From aapvc, heavy. 	 " Opusc. iv. :,61. . 
if Edin. Trans. iv. 36. 	XX Ann. de Chim. xxi. 113 and 2(C. 
§§ When thus prepared, it always contains about 0'08 of carbonate 

of barytes, and soinetiines much more. 
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AnOAher method, attended with less expense, was pointed Chap. 111. 
Out lorg ago by Dr. Hope, and afterwards improved by \--v—I  
Pelletier. 	The method is this : Decompose the sulphate of 
barytes by heating it strongly along with charcoal powder. 
The product is to be treated with water to dissolve every 
thing that is soluble; and the liquid, being filtered, is to be 
mixed with a solution of carbonate of soda. 	A white pow- 
der falls. 	Wash this powder, make it up into balls with 
charcoal, and heat it strongly in a crucible. 	When these 
balls are treated with boiling water, a portion of barytes is 
dissolved, which crystallizes as the water cools. 

Barytes obtained by the first method is a greyish-white, 
porous body, which may be very easily reduced to powder. 

properties. 

It has a harsh and more caustic taste than lime; and when 
taken into the stomach proves a. most violent poison. 	It 
has no perceptible smell. 	It tinges vegetable blues green, 
and decomposes animal bodies like the fixed alkalies, though 
not with such energy. 	 r, 

Its specific gravity, according to Fourcroy,* is 4; but 
according to Hassenfratz only 2•374.1 	But there is reason 
to conclude, from the method employed by this philoso-
pher, that the specific gravities which he assigns are all too 
low. 

When heated it becomes harder, and acquires internally 
a bluish-green shade. 	When exposed to the blow-pipe 
On a piece of charcoal, it fuses, bubbles up, and runs into 
globules, which quickly penetrate the, charcoal.$ 	This is 
probably in consequence of containing water, for Lavoisier 
found barytes not affected by the strongest heat which he 
could produce. 	Gehlen and Bucholz have ascertained that 
when crystals of barytes are exposed to heat, they speedily 
Melt and give out water. 	Wh'in the heat is raised to red- 
ness they again undergo fusion, and assume the appearance 
of an oil. 	But this experiment does not succeed with 
barytes, obtained from the nitrate, by Vauquelin's process. 
This difference, they showed, is not owing to the presence 
of carbonic acid, or of any earthly matter from the cru- 
cible in the barytes from the nitrate.§ 	The fusibility, in 

• r .i omcroy, ii. 189. 	 f Ann. de Chira. xxviii. 11, 
I Fourcroy and Vauquelin, Ann. de Chin. xxi. 276. 
4 Gehlen's Journal fur die Chemie, Physik uud Aliueralogie, iv. 2.58. 
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Book I. the first case is owing, I conceive, to the barytes retaining 
Division II. 
...--„,,-0 a portion of water.* 

Decompo- It had been suspected, by Bergman, that barytes was a 
sition. metallic oxide.- 	But no attempts to detect its supposed 

metallic basis were attended with any success, till after the,, 
analysis of potash and soda, by Davy, in 1808. 	This im-' 
mediately led to the idea that all the earths were likewise 
metallic oxides. 	Berzelius and Pontin first succeeded in 
decomposing barytes, by exposing a globule of mercury to 
the action of negative electricity, while placed upon moist-
ened barytes on a platinum plate ; an amalgam of the metal 
of barytes was formed. 	Davy repeated these experiments, 
and by distilling the amalgam, succeeded in obtaining small 
quantities of the metal of barytes, to which he gave the 
name of barium. 	More lately Dr. Clarke has decomposed 
barytes by exposing it to an intense heat, produced by the 
combustion of a stream of oxygen and hydrogen gas, mixed 
together in the requisite proportions to form water. 	He 
has given to the metal of barytes the name of plutonium. 

Properties Barium, thus obtained, is a solid metal of the colour of 
of barium,  silver, it melts at a temperature below redness, and is not 

volatilized by a heat capable of melting plate glass, but at 
that temperature it acts violently upon the glass; probably 
decomposing the alkali of the glass, and converting it into 
a protoxide. 	When exposed to the air it rapidly tarnishes, 
absorbs oxygen, and is converted into barytes. 	It sinks 
rapidly in water, and seems to be at least four or five times 

. heavier than that liquid. 	It decomposes water with great 
rapidity; hydrogen is emitted, and it is converted into barytes. 
When strongly pressed it becomes flat, and hence appears 
to be both ductile and malleable. 

II. From the experimente of Gay-Lussac and Thenard, 
we learn that barium combines with two proportions of 
oxygen, forming two oxides which have been called barytes 
and peroxide of barium. 

Composi- 1. Barytes is the substance formed when barium is put 
tion of 
barytes. 

into water. 	It has been known since the year 1774., and 
is found abundantly in the mineral kingdom, 	combined 

* This I think follows evidently from the experiments of Gay-LussaC 
and Thenard. 	See Recherches Physico-ehimiques, i. 170. 

t Opusc. iv. 212. 
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sometimes with carbonic acid, but much more frequently chap. Ill. s.—,v,.... with sulphuric acid. 
It has not been possible to make any direct experiments 

on the quantity of oxygen with which barium combines 
when it is converted into barytes. 	But there is another 
mode by which we have it in our power to determine this 
point with tolerable accuracy. 	The constituents of sulphate 
of barytes have been determined as follows : 	• 

Sulphuric acid 100 	 5 
Barytes 	 194 	 9/0 

And carbonate of barytes is composed of 
Acid .. 22 	 100   2/5 
Barytes 78 	 354.51 	 9.75 

From these 	analyses it is obvious that the equivalent 
number for barytes is 9/5. 	Farther, it will be found that 
100 parts of sulphuric acid combine with a quantity of base 
that contains 20 oxygen, while 100 orcarbonic acid combine 
with a quantity of base containing 36.267 oxygen. 	Hence 
it follows that 194 parts of barytes contain 20 of oxygen, 
and that 354.54 parts contain 36'267 of oxygen. 	Accord- 
ing to the first of these determinations, 100 parts of barytes 
contain 10'309 of oxygen; according to the second, 100 
parts of barytes contain 10'23 of oxygen. 	The mean of 
these two gives 10.2695 for the quantity of oxygen in 100 
parts of barytes. 	Therefore barytes is composed of 

Barium 	 89'7305 
• Oxygen 	 10'2695 

' 100'0000 

If we now divide the number 9'75 (the weight of an atom 
of barytes) in the proportion of 89'7305 : 10'2695, it will be 
as follows : 

Barium 	 8'7538595 
Oxygen 	 0'9961415 

9.75 
But the number for oxygen is very nearly equal to 1. 	It 
is obvious that it would be exactly equal to it, if our pre-
ceding calculations had been founded upon experiments 
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Book I. 	quite free from error. 	There can be no doubt thin that 
Division II. barytes is composed of 

Barium 8'75 	100 
Oxygen 1.00 	 11'42 

Barytes then is a compound of 1 atom barium and 1 atom', 
oxygen, and an atom of barium weighs 8'75. 

Peroxide. 	2. Gay-Lussac and Thenard found that when dry barium 
from nitrate of barytes, or from the carbonate of barytes, 
decomposed by charcoal, is heated in oxygen gas; it ab- 
sorbs that gas with great rapidity. 	The peroxide formed 
is grey. 	It gives out its excess of oxygen when put into 
water. 	When heated in hydrogen gas the hydrogen is 
absorbed and water formed, which remains united to the 
barytes.* 	We have no data for determining the additional 
quantity of oxygen which barytes absorbs when converted 
into peroxide. 

Chloride. 	III. Barium combines readily with chlorine, and forms a 
compound called chloride of barium. 	It may be formed by 
heating barytes in chlorine gas. 	The oxygen separates 
from the barium and the chlorine takes its place. 	Davy, 
to whom we are indebted for this experiment, ascertained 
that for every 2 volumes of chlorine absorbed, 1 volume of 
oxygen gas was given out 	Hence it follows that this 
chloride is composed of 1 atom barium and 1 atom chlorine, 
or by weight of 

Barium 	8'75 	 100   66'04 
Chlorine 405  	51'42 	 33.96 

100'00 

This chloride has been long known under the name of 
muriate of barytes. 	Its properties were first investigated by 
Scheele.t 	Dr. Crawford wrote a treatise on it in 1790. 
Sidce that period many processes have been published for 
preparing it.$ 	To Kirwan, Haiiy, Bucholz, and Bouillon 
La Grange, we are indebted for most of the additions made 
to the description of it by Scheele. 

* Recherches Physico-chimiques, i. 169. 
t Crell's Annals, iii. 6; English Translation. 	 . 
I See Van Mons, Jour. de Phys. xlv. 297. 	Goettling, Phil. Mag. 

xxii• 218. 	Bouillon La Grange, Ann. de Chun. xlvii. 139. Resat, Ibid. 
Iv. 51, 
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The easiest method of preparing it would be to dissolve Chap.M. 

carbonate of barytes in muriatic acid, and crystallize the '—The"--d  
solution; but as the carbonate of this earth is rare, the salt 
is usually formed by calcining in a crucible a mixture of 

Ptioe,1:.' 
'sulphate of barytes and charcoal, decomposing by means of 
muriatic acid the sulphuret formed, filtrating the solution, 
evaporating it till a pellicle begins to form on its surface, 
then allowing it to cool slowly. 	The crystals of the chlo- 
ride gradually deposite. 	If the salt happens to be conta- 
minated with iron, which is often the case, the crystals are 
to be calcined, dissolved in water, the solution filtered and 
crystallized again. 	By this process the oxide of iron is 
separated. 	The improvements proposed lately consist in 
promotino•

6 
 the fusion and decomposition of the sulphate of 

barytes, by adding to the mixture sulphur, chloride of cal-
cium, or common salt. 

The primitive form of this chloride is, 	according to  Properties. 
Haily, a four-sided prism, whose lases are squares. 	It 
crystallizes most commonly in tables. 	Sometimes it assumes 
the form of two eight-sided pyramids applied base to base.* 

• 

It has a pungent and very disagreeable taste; and, like 
all the other preparations of barytes, is poisonous. 	Its 
specific gravity is 2'82574 	It requires 2.29 parts of water, 
of the temperature 190°, to dissolve one of this salt. 	It is 
scarcely less soluble in cold water. 	Hence it cannot be 
procured in crystals by cooling a saturated solution of it in 
hot watent 

From the experiments of Bucholz we learn, that pure 
alcohol, while cold, dissolves no sensible portion of it; but 
at a boiling heal it is soluble in 400 parts of that liquid. § 
Weak alcohol dissolves a little of it, and the solubility in- 
creases with the dilution. 	Al-:ohol of '900, for instance, 
dissolves 	10 . of its weight of this salt.ii 

It is not altered by exposure to the open air. 	When 
heated, it decrepitates and dries, and when the temperature 
is very high it melts; but no heat which we can apply is 
capable of decomposing it. 

• Crawford. 	 t Hassenfratz, Ann. de Chin]. xxviii. 12. 
I Crawford. 	 ..5 Bearage, in. 24. 
II Kirwan on Mineral Waters, p. 274. 

   
  



346 
SIMPLE COMBUSTIBLES. 

Book I 	Many analyses of it have been published .by different . 
Division ii. chemists. 	The following are the most accurate of these ...—„v........ 

Kirwan.* 	Rose.+ 	Berzelius.t 	Aiken.i 
Muriatic acid 23'8 .... 24'3 .... 25'75 . ... 28 
Barytes 	.... 	76'2 	.. .. 	75'7 	.. .. 	74'25 	.. .. 	72 

100 	100'0 	100 	100 
When we make the requisite corrections, these analyses 
give us the following results 

Kirwan. 	Rose. 	Berzelius. 	Aiken. 
Chlorine 31'6 	.... 32.06 .. .. 33'36 	.. .. 	35'38 
Barium 	68.4 .. .. 67.91 .. .. 66'64 .. .. 64'62 

— 	 —. 
100'0 	100'00 	100'00 	100' 

All of these analyses appear to be near approximations to 
the truth. 	That of Berzelius agrees very nearly with the 
numbers determined above. 

Iodide. IV. Barium combines readily with iodine, and forms an 
iodide of barium. 	When hydriodic acid is passed.over 
barytes at the temperature of — 4P, the barytes becomes red 
hot and abundance of water is formed. 	In this case it 
is obvious that both the barytes and hydriodic acid are 
decomposed, and converted into water and iodide of barium. li 
When iodine is heated with barytes a combination takes 
place, but no oxygen gas is given out. 	Hence we see that 
oxygen gas has a stronger affinity for barium than iodine 
has. Iodide of barium is easily formed by dissolving barytes 

• in hydriodic acid, and exposing the salt formed to a red 
heat. 	This salt consists of fine needles, similar in appear- 
ance to muriate of strontian. 	It is graddally decomposed 
by exposure to the atmosphere.** This iodide has not been 
analized. 	But there can be no doubt that it is a compound 
of 1 atom barium and 1 atom iodine, or by weight of 

Barium 	8.75 
Iodine 	15.625 

• Nicholson's Quarto Journal, iii. 2A- 
t Gehlen's Journal fiir die Cheinie, Physik and Mineralogie, iii. 335. 

The analysis of Bucholz is almost the same. 
$ Ann. de Chim. lxxviii. 113. 	§ Nicholson's Journal, xxii. 301. 
II Gay-Lussac; Ann. de Chim. xci. 58. 	" Ibid. 	• 
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V. We are not acquainted with- the compounds which Chap. III. 
barium is capable of forming with fluorine, azote, the simple 
acidifiable combustibles, potassium, sodium, and calcium. 

\---..---/ 

The order of affinities of the simple supporters for barium 
is as •follows : 

Affinities. 

Barium 
Chlorine 
Oxygen 
Iodine. 

SECT. V. 

OF STRONTIUM. 

ABOUT the year .1787 a mineral was brought to Edit', 
burgh, by a dealer in fossils, from the lead mine of Stron- 

Discovery 
of ron- 

tian, in Argyleshire, where it is found imbeded in the ore, 
mixed with several other substances. 	It is sometimes trims- 
parent and colourless, but generally has a tinge of yellow or 
green. 	It is soft. 	Its specific gravity varies from 3•4 to 

• . 

3'726. 	Its texture is generally fibrous ; and sometimes it is 
found crystallized in slender prismatic columns of various 
lengths.* 

This mineral was generally considered as a carbonate of 
barytes; but Dr. Crawford having observed some differ-
ences between its solution in muriatic acid and that of bary-
tes, mentioned in his treatise on muriate of barytes, pub-
lished in 1790, that it probably contained a new earth, and 
sent a specimen to Mr. Kirwan, that he might examine its 
properties. 	Dr. Hope made .1 set of experiments on it in 
1791, which were read to the Royal Society of Edinburgh 
in 1793, and published in the Transactions about the be- 
ginning of 1794. 	These experiments demonstrate, that 
the mineral is a compound of carbonic acid, and a peculiar 
earth, whose properties are described. 	To this earth Dr. 
Hope gave the name of strontites. 	Klaproth analysed it 
also in 1793, and drew the same conclusions as' Dr. Hope, 
Owtigh he wins ignorant of the experiments of the latter, • 

Hope, Eciin. Trans. iv. 44. 
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Book i. which remained still unpublished. 	Klaproth's experiments 
mvisl'n II• ..--,y,—.. were published in Crell's Annals for 1793* and 1790 

Kirwan also discovered the most interesting peculiarities of 
this new earth in 1793, as appears by his letter to Crell, 
though his dissertation on it, which was read to the Irish 
Academy in 1794, was not published till 1795. 	The expe- 
riments of these philosophers were repeated and confirmed 
in 1797 by Pelletier, Fourcroy, and Vauquelin,f and seve-
ral of the properties of the earth still farther investigated. 
To the earth thus detected•Klaproth gave the name of stron- 
Sian, from the place where it was first found ; and this 
name is now generally adopted. 

Strontian is found abundantly in different parts of the 
world, and alpays combined with carbonic acid or sulphu-
ric acid. 

Prepara- 
tion. The carbonic acid may be expelled from the carbonate, 

and the strontian obtained pure, by mixing the mineral 
with charcoal powder, and exposing it to a heat of 140°  
Wedgewood ; § or by dissolving the mineral in nitric acid, 
evaporating the solution till it crystallizes, and exposing the 
crystals in a crucible to a red heat till the nitric acid is 
driven off. 	Strontian may be obtained from the sulphate.by 
following exactly the process described in the last section for 
obtaining barytes. 

Properties. Strontian, 	thus 	obtained, 	is 	in 	porous masses, of a 
greyish white colour; its taste is acrid and alkaline; and it 
converts vegetable blues to green. 	Its specific gravity, 
according to Hassenfratz, is 1.6174 	It does not act so 
strongly on animal bodies as barytes, nor is it poisonous.** 

Strontium. Davy, after his discovery of the metallic nature of potash 
and soda, was naturally led to consider strontian as a 
metallic oxide, as well as barytes and lime. 	He succeeded 
in decomposing it by the same processes as have been 
detailed in the preceding sections for decomposing lime and 
barytes. 	To the metallic basis of it he gave the name of 
strontium. 

* Vol. ii. 189. 
f Vol. i. 09. 	See also Klaproth's Beitrage, i. 260, and Jour de Mia. 

No. v. p. 61. 	 • / Ann. de Chim. xxi. 113 and 276. 	Jour de Min. An. vi. 3. 
§ Kirwan. 	 II Ann. de Chim. xxviii. 11. 
!* Pelletier, Ibid, xxi. 120. 
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This metal is white, solid, much heavier than water, and Chap. 111. 
bears a cloie resemblance to barium in its properties. When '—v---1  
exposed to the air, or when thrown into water, it rapidly 
absorbs oxygen, and is converted into strontian.* 
. 	II. Strotium, as far as is known at present, 'combines composi. 
only with one proportion of oxygen, and forms the well- tion of , 

known compound called strontian. We have no direct expe- str.o nnum. 

riments on the quantity of oxygen which it contains; but we 
may ascertain it in the same way as we did the quantity in 
barytes. 	The composition of sulphate of strontian, accord-
ing to the experiments of Stromeyer is 

Strontian 	 132'55 	 6'627 
Sulphuric acid ... 100 	 5 

The carbonate of strontian by my experiments is com-
posed of 

Strontian 	 234'44 	 6.447 	• 
Carbonic acid .... 100 	e 	  2'75  

The mean of these two analyses gives us the equivalent 
number for strontian 6'537. 	We may, therefore, without 
sensible error, consider it as 6.5. 	For the reasons assigned 
in the last section, it follows that 100 parts of strontian, by 
the first analysis, contain 15'08, and, by the second, 15'47 
of oxygen. 	The mean of both is 15.275. 	Therefore 100 
strontian are composed of 

Strontium 	  84'725 
Oxygen 	  15.275 

If we divide 6.5 (the weight of an atom of strontian) in the 
proportion of the numbers 84'725 : 15 	275, we obtain for 
the composition of strontian 

Strontium 	  5.507125 
Oxygen . . 	  0'992875 

6'5 
It is evident that the number for oxygen would have been 
1, had the experiments on which our calculation is founded 
been quite free from error. 	There can be no doubt then 
that strontian is composed of 

4' Davy's Electro-chemical Researches into the Decomposition of the 
Earths, &c. ; Phil. Trans. 1808. 
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Book I. Strontium 	 5'5 	 100 
Division IL ....—y.._.. Oxygen 	 PO 	18.15 

It is a compound of 1 atom strontium and 1 atom oxygen, 
and an atom of strontium weighs 5.5. 

Chloride. III. When strontian is heated in chlorine gas it giveS 
out oxygen gas, and combines with the chlorine, as Davy 

' first observed. 	The compound formed is chloride of stron- 
tium. 

This substance has been long known in chemistry by the 
name of muriate of strontian. 	It was first described by Dr. 
Crawford in 1790. 	It was afterwards examined by Dr. 
Hope, by Klaproth, Pelletier, Fourcroy, and Vauquelin. 

It may be prepared by dissolving carbonate of strontian 
in muriatic acid, or by decomposing sulphuret of strontian 
by means of that acid. 	The solution is then to be evapo- 
rated to a proper consistence, in order to obtain the muriate 
in crystals. 

Properties. Its crystals, accorchng to Haiiy, are very long, slender, 
hexagonal prisms.* 	It has a peculiar sharp, penetrating 
taste. 	Its specific gravity is 1.44024 	Three parts of these 
crystals are soluble in two parts of water at the temperature 
of 60°. 	Boiling water dissolves any quantity of tliern 
whatevent 	From the experiments of Bucholz, we lean' 
that 24 parts of pure alcohol, at the temperature of 60°, 
dissolve one part of this salt ; and that it is soluble in 19 
parts of pure boiling alcohol.§ 	The alcohol solution burns 
with a fine purple colour.  

The crystals suffer no change when exposed to the air, 
except they be very moist; in which case they deliquesce. 

When heated, they first undergo the watery fusion, and 
are then reduced to a white powder. 

Composi- There can be no doubt that this chloride is a compound 
tion. of 1 atom chlorine and 1 atom strontium; or by weight of 

Chlorine 	 4'5 	 69'23 	 40'9 
Strotium 	 6'5 	100 	 59'1 • 

100'0 
* Fourcroy, iii. 262. Eng. Trans. 
t Ilassenfratz, Ann. de Chim. xxviii. 12.  
! According to Crawford, they dissolve in 0.825 of water of the tem- 

perature 1900 ; but they are much less soluble in cold water. 	Hence 
they crystallize in cooling. 	§ Bucholz Beitrage, iii. 29. 
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We have several analyses of this chloride, 	giving the Chap. III. 
constituents as if it were a muriate. 	The two following 
are the most recent : 

"---•e—d  

Kirwan.* 	Rose* 
Muriatic acid 	 31 	 38'33 
Strontian 	 69 	 61'67 

100 	100' 
When we introduce into these the proper corrections 

we obtain the following numbers : 
Kirwan. 	 Rose. 

Chlorine 	 41.6 	 47.81 
Strontium 	 58.4 	 52.19 

• 
100 	100 

Kirwan's analysis we see is by far the most accurate of the 
two. 

IV. Little is known respecting the iodide of strontium. Iodide. 
When strontian is heated in the vapour of iodine, it absorbs 
that subtance without giving out any oxygen gas. The iodide 
may be formed by dissolving strontian in hydriodic acid, 
and exposing the salt formed to a strong heat without the 
contact of air; for when the heat is applied while the salt is 
exposed to the air it is decomposed. t 	No experiments 
have been made on the proportions in which the constituents 
of this iodide combine. 	But probably they unite atom to 
atom. 	Supposing this to be the case, the iodide will be a 
compound of 

Strontium  	5.5 
Iodine 	  15.625 

V. We know nothing respecting the combinations of 
strontium with fluorine, azote, or any of the simple com-
bustibles. 

The order of the affinities of the supporters of combus- 
tion for strontium is as follows : 

Affinities. 

Strontium 
Chlorine 
Oxygen 
Iodine. 

* Nicholson's Quarto Journal, iii. 215. 	1' Geblen's Journal,  I is. 33. 
1 Gay-Lussac; Ann. de China. xci. GO. 
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Book I. 
Division II. 
t.......„......d SECT. VI. 

OF MAGNESIUM. 
Discovery 
of mag- ABOUT the beginning of the eighteenth century, a Roman 
nesia. canon exposed a white powder to sale at Rome as a cure for 

all diseases. 	This powder he called magnesia alba. , He 
kept the manner of preparing• it a profound secret; but in 
1707 Valentini informed the public that it might be obtained 
by calcining the lixivium which remains after the prepara- 
tion of nitre ; * and two years after, Slevogt discovered that 
it might be precipitated by potash from the mother ley 1- of 
nitre.$ 	This powder was generally supposed to be lime 
till Frederic Hoffman observed that it formed very different 
combinations with other bodies.§ 	But little was known 
concerning its nature, and it was even confounded with lime 
by most chemists, till Dr. Black made his celebrated experi- 
ments on it in 1755. c Margraff published a dissertation on 
it in :1759,11 and Bergman another in 1775, in which he 
collected the observations of these two philosophers, and 
which he enriched also with many additions of his own.** 
Butini, of Geneva, likewise published a valuable dissertation 
on it in 1779. 

Prepara- 
tion. 

As magnesia has never yet been found native in a state of 
purity, it may be prepared in the following manner : Sul- 
phate of magnesia, a salt composed of this earth and sulphuric 
acid, exists in sea-water, and in many springs, particularly 

. in some about Epsom ; from which circumstance it was 
formerly called Epsom salt. 	This salt is to be dissolved in 
water, and half its weight of potash added. 	The magnesia 
is immediately precipitated, because potash has a stronger 
affinity for sulphuric acid. 	It is then to be washed with a 
sufficient quantity of water, and dried. 

• De Magnesia Alba. 
t The mother ley is the liquid that remains after as much as possible 

of any salt has been obtained from it. 	Common salt, for instance, is 
obtained by evaporating sea-water. 	After as much salt has been ex- 
tracted from a quantity of sea-water as will crystallize, there is still a 
portion of liquid remaining. 	This portion is the mother ley. 

/ Diss. de Magnesia Alba. 
§ Obs. Phys. China. 1722, p. 105 and in. 	B Opusc. ii. 20. 
41° Opusc. i. 365. 
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Magnesia, thus, obtained, is a very soft ivhite powder, 
which has very little taste, and is totally destitute. of .smell. 

Chap. III. 
1/4"—Ne""d 

Its specific gravity is about 2'3. * 	It converts delicate oirmPertagnie: 
vegetable.blues (paper, foOnstaiice; stained with the petals sia. 
of the mallow) to green.  . 	. 

Davy, after his decomposition of potash and soda; was Decompo- 
natuyally led to consider magnesia also to be a metallic 
oxide: 	He succeeded in decomposing it by the same pro- 
cess by which he decomposed the other . alkaline earths. 

siti'n• 

When moistened magnesia is exposed to the action of gal-
vanism in contact with mercury, the earth is reduced, and 
its base amalgamated with mercury natal more slowly than 
the other alkaline earths; owing probably to its insolubility 
in water. 	The process succeeds much more rapidly when 
moistened sulphate of magnesia is substituted. for the pure 
earth. .To. the base of magnesia thus obtained)  Davy gave 
the name of magnesium., . • 

Magnesium is a white solid metal having the appearance o 
of silver; sinks rapidly in water, and of course is consider- • '  
ably heavier than that liquid. 	When the amalgam of 
magnesium is distilled in a glass tube filled with the vapour 
of naphtha: the metal appears to act upon the glass before 
the whole of the mercury is separated fi•om it. 	Of course it 
is difficult to obtain ifin a state of purity. 	When exposed 
to the air it rapidly absorbs oxygen, and is converted into 
magnesia. 	It decomposes water, separating the hydrogen, 
and combining with the oxygen; but not nearly so rapidly 
as the other metals obtained from the alkaline earths ; owing 
doubtless to the insolubility of the magnesia in water. 	But 
when the water is acidulated with sulphuric acid, the decom-
position of water and the formation of magnesia goes on, 
with great rapidity.t  

Nlagno- 
SI CIM. 

H. We are acquainted with only one compound of mag- 
nesium and oxygen; namely, magnesia. 	Though it has 
not been possible to determine the proportion of its consti-,  
tuents by direct experiments, we can settle the point in the 
same way as we ascertained the composition of barytes and 
strontian. 

$ Kirwan's Miner. i. 8. 	' 
t Davy's Electro-chemical Researches on the Decomposition of the 

Earths, &c. 	Phil. Trans. 1808. 
VOL. X. 	 2 A 
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Book I. Sulphate of magnesia, according to the experiments of 
Division II. Berzelius, Division is composed of 

Composi- Sulphuric acid 	 100   5 
tion of rrizt. 
nesia. Magnesia   50'06 	 2'51 

Hence it is obvious that the equivalent number for mag- 
nesia is 2•5. 	Further it follows, from what has been gated 
in the preceding sections, that 50 parts of magnesia contain 
20 of oxygen. 	So that it is composed of 

Magnesium 	 60 
Oxygen   40 

If we divide 2•5 in the ratio of 60 : 40)  we obtain magnesill 
composed of 

Magnesium 	 P5 	 100   3 
Oxygen   PO  	66'6 	 2 

• 
Chloride. 	III. When magnesia is heated in chlorine gas, it gives 

out oxygen gas, and ..ombines with the chlorine. 	It is thus 
converted into a chloride of magnesium. 	Davy, to whom we 

• are indebted for this experiment, 	ascertained, that for 
every volume of oxygen gas evolved, 2 volumessof chlorine 
gas were absorbed. 	Hence it follows, that this chloride is a 
compound of 1 atom chlorine and 1 atom magnesium; or 
by weight of 

Chlorine   4.5 	 75 	 100 
Magnesium 	 1.5 .. .. .. 25  	33'3 

The substance formerly known by the name of muriate of 
magnesia is nothing else than a combination of this chloride 
with water. 	It exists in sea water and in several mineral 
springs, particularly that at Lyinington in Hampshire. 	It 
was first described by Mrs Brown in the Philosophical 
Transactions for 1723 ; * but its nature was not understood 
till long after, when the experiments of Black and Margraff 
had established the peculiar nature of its base. 	Bergman 
afterwards published a description of it. j- 	As it is found 
native in abundance, it is seldom formed artificially; but it 
may be prepared by dissolving carbonate of magnesia in 
muriatic acid, and evaporating the solution to a proper con- 
sistency. 

Phil. Trans. xxxii. 348. 	 t Opumc. i. 382.. 
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It is not easily crystallized. 	Bergman's method was to Chap. M. 
evaporate it by a considerable heat to the proper degree of ."."Vn"..°  
concentration, and then to expose it to a sudden cold. 	By 
this method he obtained it in small needles.* 	Its specific 
gravity is 1.6014 

properties, 

Its taste is extremely bitter, hot, and biting. 	It requires 
rather more•than half its weight of water to dissolve it; for 
when exposed to the air it runs into a liquid, and attracts 

its weight of water.$ 	The 	in alcohol parts of 	 solubility 
increases with the strength of that liquid. 	Alcohol of .817 
dissolves half its weight of it, but alcohol of *900 only ith 
of- its- weight. § 	A saturated solution of it quickly forms a 
jelly; on which, if hot water be poured, spongy masses are 
formed, not even soluble in muriatic acid. II 	It deliquesces 
very speedily when exposed to the air. 

When strongly heated, the water which it contains is 
decomposed ; the hydrogen combines with the chlorine and 
flies off in the state of muriatic acid, while the oxygen con-
verts the magnesium into magnesia. 

Of the analyses made of this salt, under the supposition 
that it is a compound of muriatic acid and magnesia, by far 
the most accurate is that of Wenzel. 	According to him** 
its constituents are, 	. 

Muriatic acid 	 57 
Magnesia   43 

100 	• 
When we make the requisite corrections, these numbers 

give us the composition of the chloride as follows : 
Chlorine   74.2 
Magnesium 	 2513 

10043 

Now these numbers do not differ much from those which 
we have given above, founded on the real constitution of 
the chloride. 

Iodide. 

IV. The iodide of magnesium is at present unknown. 
When iodine, magnesia, and water are heated together, a 

* Bergman, i. 382. 	f Hassenfratz, Ann. de Chim. xxviii. 12. 
I Bergman, Opusc. i. 138. 	§ Kirwan on Mineral Waters, p. 274, 
II Bergman, i. 382. 	" Verwandtochaft, p.104. 

2 A 2 
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Book I. brown-coloured insoluble matter is formed, which Gay- 
Division 11. .......v—i Lussac, to whom we are indebted for the experiment, con- 

alders as an 	iodide of magnesia.* 	Wheri magnesia is 
dissolved in hydriodic acid, a deliquescent salt is obtained 
which is probably a compound of iodide of magnesium and 
water.. But if this be the case, the 'water is decomposed by 
the application of heat ; hydriodic acid flies off and magnesia 
remains behind. 

V. Nothing is known respecting the combination of mag-
nesium with fluorine, azote, and the simple combustibles. 

FAMILY II. 

The substances belonging to this family are four in num-
ber; namely, 

1. Yttrium . 	3. Aluminum 
2. Glucinum 	4. Zirconium. 

The compounds which they form with oxygen are white, 
and these oxides form colourless solutions in acids. 	It has 
hitherto been impossible to reduce .them in any quantity.  to 

' the metallic state. They are insoluble in water, and produce 
no alteration in the colour of vegetable blues. 	On that 
account they were formerly 'distinguished in chemistry by 
the name of earths proper. 

SECT. I. 

OF YTTRIUM. 

History. Some time before 1 788, (2aptain Arhenius discovered, in 
the quarry of Ytterby in Sweden, a peculiar mineral differ- 
ent from all those described by mineralogists. 	Its colour is 
greenish black, and its fracture like that of glass. 	It is 
magnetic, and generally too hard to be scratched by a knife. 
It is opaque, except in small pieces, when it transmits some 
yellow rays. 	Its specific gravity is 472374 	A description 

* Ann. de Chim. xci. 64. 
t Gadolin, Crell's Annals, 1796, i. 313.—Vauquelin, Ann. de China, 

xxxvi. 146.—Iilaproth's Beitrage, iii. 58. 
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of it was published by Geyer in 1788 in Crell's Annals, .and Chap. 111. 
by Rinman in his Miner's Lexicon. 	Professor Gadolin 
analysed this mineral in 1794, and found it to contain a new 
earth : but though his analysis was published in the Stock-
holm Transactions for 1794, and in Crell's Annals for 

''''Thr"--)  

1796, it was some time before it drew the attention of che- 
mical mineralogists. 	The conclusions of Gadolin were 
confirmed by Ekeberg in 1797, who gave to the new earth 
the name of yttria.* 	They were still farther confirmed and 
extended by Vauquelin in 1800,j and likewise by Klaproth 
about the same time; f and Ekeberg published a new dis-
se:Ita;on on the subject in the Swedish Transactions for 
1802.§ 	Since that time it has been repeatedly examined by 
Berzelins, who has shown that the yttria, as examined by 
Gadolin and Ekeberg, was not pure. 	He has himself suc- 
ceeded in separating it from most of the cerium with which 
it was contaminated, and has described its properties.li 

Hitherto yttria has been found onl:, in the black mineral PrePara- 
first analysed by Gadolin, and hence called Gadolinite, in 
which it is combined with black oxide of iron and the earth 
called silica; and in yttrotantalite, which from the descrip-
tion of Ekeberg is a compound of tantalum and yttria. Both 
of these minerals have been found only in Sweden. 	From 
the first, which is the most common, the yttria may be pro? 
cured by treating the mineral reduced to powder with a 
mixture of nitric and muriatic acids, till it is completely 
decomposed ; then filtering the solution, previously evapo- 
rated nearly to dryness, and diluting it with water. 	By 
this process the silica is left behind. 	The liquid which 
passes through the filter is to be evaporated to dryness, and 
the residue heated to redness for a considerable time in a 
close vessel, 	and then redis?olved in water and filtered. 

ti  i
a
n
. 

 
t 

 of yt- 

What passes through the filter is colourless ; when treated 
with ammonia a mixture of yttria and oxide of cerium falls. 
Heat this powder to redness, dissolve it in nitric acid, and 
evaporate to dryness to get rid of the excess of acid. Dilute 

* Crell's Annals, 1799, ii. 63. 	t Ann. de China. xxxvi. 143. 
/ Ann. de Chim. xxxvii. 86, and Beitrage, iii. 52. 
§ Kong!. Veteuskaps Acad. nya Ilandlingar, 1802, p. 68, and Jour. 

de Chim. iii. 78. 
il Annals of Philosophy, iii. 359. 	Afhandlinw i Fysik, Kemi och 

Nineralogi, iv. 217, 235. 

   
  



SIMPLE COMBUSTIBLES. 

Book I. with 150 parts of water, and put into the liquid crystals of 
Division II' sulphate of potash. 	The crystals gradually dissolve, and 

after some hours a white precipitate will appear. 	This 
precipitate contains the oxide of cerium. Repeat the process 
to be sure of getting rid of the oxide of cerium. 	Filter the 
liquid, precipitate the yttria with pure ammonia; wash it 
well, and then heat it to redness.* 	 i 

Properties. Yttria, thus procured, has the appearance of a fine white 
powder, and has neither taste nor smell. 	It has no action 
on vegetable blues. 	It is much heavier than any of the 
other earths; its specific gravity, according to Ekeberg, 
being no less than 4'842. 	. . 

It is insoluble in water; yet it is capable of retaining a 
great proportion of that liquid, as is the case with alumina. 
Klaproth ascertained, that 100 parts of yttria, precipitated 
from muriatic acid by ammonia, and dried in a low tempe-
rature, lose 31 parts, or almost a third of their weight, 
when heated to redness in a crucible. 	Now this loss con- 
sists of pure water alone. 

It is not soluble in pure alkalies; but it dissolves readily 
in carbonate of ammonia, and in all the other alkaline car- 
bonates. 	It combines with acids, and forms with them 
salts which have a sweet taste, and at the same time a cer-
tain degree of austerity. 

Yttria is not altered by light, nor is it liktly that it com- 
bines with oxygen. 	From the experiments of Klaproth, it 
does not appear to combine readily with sulphur ; nor is it 
likely that it unites with any of the other simple combus-
tibles. 

Yttrium. . Davy found that when potassium is passed through red-
hot yttria it is converted into potash, while grey metallic 
particles are perceived mixer!. with the alkali. 	These it is 
probable are yttrium reduced to the metallic state. 

II. Though yttrium in the metallic state has never been 
examined, and of course no direct experiments have been 
made upon the proportion of oxygen with which it combines 
in order to be converted into yttria, we may however succeed 
in ascertaining the composition of this oxide by the same 
method that we employed in the three last sections to de-
termine the composition of barytes, strontian, and magnesia, 

Berzelius; Afhandlingar, iv. 229. 
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From the experiments of Berzelius it appears that sul- Chap. III. 
phate of yttria is composed of equal weights of acid and 
base.* So that the equivalent number for yttria is the same 
as for sulphuric acid; namely 5. 	It follows from this ex- 
periment that 100 parts of yttria must contain 20 of oxygen. 

"'-"v"-d  

So that yttria is composed of 
Yttrium .. .. 80 	.. .. 4 	.. .. 100 
Oxygen .. .. 20 	.. .. 1 	.. .. 	25 

Yttria then is composed of 1 atom yttrium + 1 atom oxy-
gen; and the weight of an atom of yttrium is 4. 

SECT. H. 

OF GLUCINUM. 

THE beryl is a transparent stone, of a green colour, and 
a considerable degree of hardness, which is found crystal-
lized in the mountains of Siberia, and in many other parts. 

History. 

Vauquelin analysed this mineral in 1798, at the request of 
Haiiy, to determine whether it was formed of the same in-
gredients wiih the emerald, as Haiiy 'had conjectured from 
mineralogical considerations. 	The result of the analysis 
was a confirmation of the suspicions of Haiiy, and the dis-
covery of a new earth, to which Vauquelin and his asso-
ciates gave the name of ghteina.t The experimerits of Vau-
guelin have been repeated by Klaprotht and other eminent 
chemists. 

To obtain glucina pure, the beryl or the emerald, reduced Prepara- 
to powder, is to be fused with thrice its weight of potash. e

tha
n
o
l, 
 of glu- 

The mass is to be diluted with water, dissolved in muriatic 
acid, and the solution evaporaied to dryness. The residuum 
is to be mixed with a great quantity of water, and the whole 
thrown on a filter. The silica, which constitutes more than 
half the weight of the stone, remains behind ; but the glu-
cina and the other earths, being combined with muriatic 
acid, remain in solution. 	Precipitate them by means of 
carbonate of potash. 	Wash the precipitate, and then dis- 
solve it in sulphuric acid. 	Add to the solution sulphate of 

• Afhandlingar, iv. 236. 
I Beitrage, iii. 215. 

t Anu. deChim. Xxvi, 155, 
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Book I . Potash  ; evaporate it to the proper consistency, and set it 
Division II. 
.......‘,...—/ by to crystallize. 	Alum crystals gradually form. 	When 

as many of these as possible have been obtained, pour into 
the liquid carbonate of ammonia in excess, then filter, and 
boil the liquid for some time. 	A white powder gradually 
appears, which is glucina. 

Properties. Glucina, thus obtained, is a soft light white powder, mith-
out either taste or smell; which has the property of adher- 
ing strongly to the tongue. 	It has no action on vegetable 
colours. 	Its specific gravity is 2.976."' 

It is insoluble in water, but forms with a small quantity of 
that liquid a paste which has a certain degree of durtility. 
It does not combine with oxygen nor with any of the sim7  
ple combustibles; but snlphureted hydr.ogen dissolves it, 
and forms with it a hydrosulphuret, similar to other hydro-
sulphurets in its properties4 

Glucina is soluble in the liquid fixed alkalies, in which it 
agrees with alumina. ,, It is insoluble in ammonia, but solu-
ble in carbonate of ammonia, in which respect it agrees with 
yttria; but it is about five times more soluble in carbonate 
of ammonia than that earth: 

It combines with all the acids, and forms with them 
sweet-tasted salts4 as is the case also with yttria. 

Olucinum. II. From the experiments of Sir H. Davy there is reason 
to conclude that glucina like yttria is a metallic oxide. 
When heated with potassium that metal is converted into 
potash, and grey metallic-looking particles are observed 
mixed with the potash, which when put into water slowly 
evolve hydrogen gas and are converted into glucina. 

According to the experiments of Berzelius, § sulphate of 
glucina is composed as follows, 

Acid 	 160   5 
Olucina  	61.1   3•205 

Hence the equivalent number for glucina is 3•25. 	Farther 
64 glucina must contain 20 parts of oxygen, therefore it is 
composed of 

Glucinum 	 44 	 100 	' 
Oxygen 	 20 	...... 	45'45 

'' Ekeberg, Ann. de Chin). xliii. 277. 	t Fourcroy, ii. 15g. 
I Hence the name glucina, from -/xLmoc, sweet. 
§ Attempt to establish a pure scientific system of Mineralogy? p.154. 
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Ilwe divide the number 3'25 in the proportion of 100 : 45 Chap. III. 
we obtain glucina composed of v........v.-.....  

Glucinum 	 2.25 	 100 
Oxygen 	 P00  	44.4 

Hence we see that glucina is composed of 1 atom glucinura 
Auld-4 atom oxygen, and that the weight of an atom of gilt-
einum is 2'25. 

SECT. III. 	. 

OF ALUMINUM. 

ALUM is a salt which was well known to the ancients, and 
employed by them in dyeing, but they were ignorant of -its 
component parts. 	The alchymists discovered that it is com- 
posed of sulphuric acid and an earth ; jut the nature of this 
earth was long unknown. 	Stahl and Neuman supposed it 
to"be lime ; but in 1728 Geoffroy junior proved this to be a 
mistake,. and demonstrated, that the earth of alum consti- 
tutes a part of clay.* 	In 1754, Margraff showed that the 
basis of alum is an earth of a peculiar nature, different from 
every other; an earth which is an essential ingredient in 
clays, and gives them their peculiay,  properties.t 	Hence 
this earth was called argil; but Morveau afterwards gave it 
the name of alumina, because it is obtained in the state of 
greatest purity from alum. 	The properties of alumina were 
still farther examined by Macquer in 1758 and 17624 by 

History. 

Bergman in 1767 and 1771,§ and by Scheele in 1776 ;H not 
to mention several other chemists who have contributed to 
the complete investigation of„this substance. 	A very in- 
genious treatise on it was published by Saussure junior in 
1801." 

Alumina may be obtained. by the following process : Dis- Prepara- 
$olve alum in water, and add to the solution ammonia as 
long as any precipitate is formed. 	Decant off the fluid 
part, and wash the precipitate in a large quantity of water, 

• Mem. Par. 1728, P. 303. 
t Mem. Berlin, 1754 and 1759: Margraff, ii. 1. 	/ Mein. Paris. 
§ Bergman, i. 287, and v. 71. 	fl Scheele, 1.191, French Transl. 
fit' Jour. de Phys. lii. 280. 
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Book I. 	and then allow it to dry. 	The substance thus obtained is 
Division n. alumina ; not however in a state of absolute purity, for it 

a portion of the sulphuric acid with which it ''',---d  still retains 
was combined in the alum. 	But it may be rendered toler- 
ably pure, provided it has been deprived of all the potash 
by careful washing, if we expose it to a strong heat in a pla- 
tinum crucible. 	For at a high temperature the sulphuric 
acid may be driven off almost completely. 

The earth thus obtained assumes two very different ap- 
pearances according to the way in which the precipitation 
has been conducted. 	If the earthy salt be dissolved in as 
little water as possible, the alumina has the appearranse of a 
white earth, light, friable, very spongy, arid attaching itself 
.strongly 
it by the 

to the tongue. 	In this state Saussure distinguishes, 
name of spongy alumina. 

But if the salt has been dissolved in a great quantity of 
water, the alumina is obtained in a brittle transparent yel- 
low-colottred mass, splitting in pieces like roll sulphur when 
held in the hand. 	Its fracture is smooth and conchoidal ; 
it does not adhere to the tongue, and has not the common 
appearance of an earthy body. 	In this state Saussure gives 
it the name of gelatinous alumina.* 

Properties. 	Alumina has little taste: when pure, it has no smell; but 
if it contains oxide of iron, which it often does, it emits a 
peculiar smell when breathed upon, known by the name of 
earthy smell.t 	This smell is very perceptible in common 
clays. 	The specific gravity of alumina is 2•00$ 

Contracted 	When heat 	is 	applied to alumina it gradually loses 
by heat. 	weight, in consequence of the evaporation of a quantity of 

water with which, in its usual .,tate, it is combined; at the 
same time its bulk is considerably diminished. 	The spongy 
alumina parts with its moistae very readily, but the gelati- 
nous retains it very strongly. 	Spongy alumina, when ex- 
posed to a red heat, loses 0'58 parts of its weight; gelati- 
nousf  only 0.43: Spongy alumina loses no more than 0%58 
when exposed to a heat of 130° Wedgewood ; gelatinous in 
the same temperature loses but 0'4825. 	Yet Saussure has 
shown that both species, after being dried in the temper- 
ature of 600, contain equal proportions of water. § 

• Jour. de Phys. lii. 290. 
Kirwan's Miner. i. 1.  

t Saussure, Jour. de Phys. hi. 281. 
§ Jour de Phys. lii. 287. 
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Davy was naturally led by his previous discoveries to Chap. III. 

consider alumina as a metallic oxide. 	His experiments "—sr' 
leave little doubt on the subject, though he did not succeed'Alurni- 

, \ in obtaining the metal in a separate state. 	When potassium num.  
. is passed through alumina heated to whiteness, a consider- 

able proportion of it is converted into potash, and grey me- 
' talk particles are perceived in the mass, which effervesce 

in water and are converted into alumina. 	When a globule 
of iron is fused by galvanism in contact with moist alumina 
it forms an alloy with aluminum. 	It effervesces slowly in 
Water, being covered with a white powder.* 
liC his Davy gave the name of aluminum. 

To this metal- 

II. According to the experiments of Berzeliust sulphate 
of alumina is composed of 

Sulphuric acid .... 100  	 5 
Alumina  	42.722 	 2'115 

From this experiment it follows that 0e equivalent number 
for alumina is 2'115. 	We shall consider it as 2'125. 
Farther, 42.722 parts of alumina must contain 20 parts of 
oxygen. 	Hence alumina is composed of 

. 

Aluminum 	 22'722 
Oxygen 	 20 

Or, dividing 2'125 in the proportion of these numbers, its 
constituents are, . 

Aluminum 	 1'125 	 100 
Oxygen 	 1 	 281 

Hence it appears that alumina is a compound of 1 atom 
aluminum and 1 atom oxygen, and that an 
num weighs 1'125. 

atom of alumi- 

SECT. IV, 
OF ZIRCONIUM. 

AMONG the precious stones which come from the island History. 
of Ceylon, there' is one called jargon, or 
possessed of the following properties: 

zircon, which is 

• Elements of Chemical Philosophy, p. 355. 
f Ann. de China. 	14. 
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Book I. Its' colour is various; 	grey, greenish-white, yellowish, 
Division II. reddish-brown, and violet. 	It is often crystallized, either 

In right-angular quadrangular prisms surmounted 	with 
pyramids, or octahedrons consisting of double quadrangular 
pyramids. 	It has generally a good deal of lustre, at least 
internally. 	It is mostly semitransparent. 	Its hardness is 
from 10 to 16 : its specific gravity from 4.416 to 4'7.* 	' 

""v"--1  

It loses scarcely any of its weight in a melting heat; for 
Klaproth, who analysed it in 1789, found that 300 grains, 
after remaining in it for an hour and a half, were only .4.th 
of a grain lighter than at first.- 	Neither was it attacked 
either by muriatic or sulphuric acid, even when assisted by 
heat. 	At last, by calcining it with a large quantity of soda, 
he dissolved it in muriatic acid, and found that 100 parts of it 
contained 3P5 of silica, 0'5 of a mixture of nickel and iron, 
and 68 of a new earth, possessed of peculiar properties, 
'which haS received the name of zirconia, from the mineral 
in which it was detecled. 	Owing probably 'to the scarcity 
of the zircon, nobody attempted to repeat the anylysis of 
Klaproth, or to verify his discovery. 	In 1795 he pub-
lished his analysis of the hyacinth, another mineral from the 
same island, in. which he also detected a large proportion of 
zirconia, expressing his hopes that it would induce chemists 
to turn their attention to the subject. t This analysis induced 
Guyton Morveau, in 1796, to examine the hyacinths of 
Expailly in France. 	They proved similar to the hyacinths 
of Ceylon, and containe4 the proportion of zirconia indi- 
cated by Klaproth. § 	These experiments were soon after 
repeated, and the nature of the new earth still further ex-
amined by Vauquelin.II 

Yrepara- Zirconia has hitherto been found only in the zircon and 
tion 	 f o zir- 
eonia, hyacinth. 	It may be obtain-al pure by the following pro• 

cess: reduce the mineral to powder, mix it with thrice its 
weight of potash, and fuse it in a crucible. 	Wash the mass 
in pure water till the whole of the potash is extracted ; then 
dissolve the residuum as far as possible in diluted muriatic 
acid. 	Boil the solution to precipitate any silica which may 
have been dissolved ; then filter, and add a quantity of 

• Kirwan's Miner. i. 333. 	t Jour. de Phys. xxxvi. 180. 
X Beitrage, i. 231. 	 § Ann. de China. xxi. 72, 
II Ann. de Chum. xxii. 158 	and Jour. de Min. An. v. 97, 
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,potash. 	The zirconia precipitates in the state of a fine Chap. M. 
powder. .......v....../ 

Zirconia, 	thus prepared, has the form of a fine .white Properties. 

''• powder, which feels somewhat harsh when rubbed between 
..,Zhe fingers. 	It has neither taste nor odour. 	It is infusible 

before the blowpipe; but when heated violently in' a 'char- 
'. coalcrucible, it undergoes a kind of imperfect fusion, ac-

quires a grey colour, and something of the appearance of 
porcelain. 	In this state it is very hard, its specific gravity 
is 4.3, and it is no longer soluble in acids.  

Zirconia is insoluble in water: but it has a considerable 
affinity for that liquid. 	When dried slowly, after being 
precipitated from a solution, it retains about the third of its 
weight of water, and assumes a yelloNi• colour, and a certain 
degree of transparency, which gives it a great resemblance 
to gum arable.* 

It does not combine with oxygen,. azote, or the simple 
combustibles ; but it has a strong affi9ity for several metal-
lic oxides, especially for oxide of iron, from which it is 
very difficult to separate it. 

It is insoluble in liquid alkalies, neither can it be fused 
along with them by means of heat; but it is soluble in alka-
line carbonates. 

Davy subjected zirconia to the same experiments as the 
other earths deScribed in the three preceding sections, and 
obtained the same evidence for its metallic nature. 	To the 
metallic basis he gave the the name of zirconium. 

Zirconiunlii 

As no very accurate analyses of the salts, containing a 
basis of zirconia, have been hitherto made, we have no good 
data for determining its equivalent number, and for deducing 
from it its composition. 	The analyses published by Kla- 
proth and Vauquelin 	lead us to consider its equivalent 
number as 5'625. 	And to suppose it composed of 

Zirconium • 	 4'625 	 100 
Oxygen 	 1  	23'78 

'These numbers may be employed as approximations till 
better data enable us to determine the point with more 
precision. 

Vauquelin, Ann. de Chim. xxii. 158. 
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Book I. 
Division II. 
14......v.......0  FAMILY III. 

This family includes under it six substances, all of which 
are of a metallic nature; namely: 

1. Iron 	3. Cobalt 	5. Cerium 
2. Nickel 	4. Manganese 	6. Uranium 

They are distinguished from the other metals compre- 
hended under this genus by two properties. 	1. Their 
oxides cannot be reduced to the metallic state by the most 
violent heat which can be applied. 	2. When dissolved in 
an acid they cannot be precipitated in the metallic state by 
plunging into the solution a rod composed of any other 
metal. 

SECT. I. 

OF IRON. 

History. IRON, the most abundant and most useful of all the 
metals, was neither known so early, nor wrought so easily, 
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 about 1635 years 
before Christ) furnish us with the amplest proof at how 
early a period it was known in Egypt and Phoenicia. 	He 
mentions furnaces for working iron,* ores from which it 
was extracted :1'  and tells us, that swords4 knives,§ axes,lI 
and tools for cutting stone,** were then made of that metal. 
How many ages before the 1iirth of Moses iron must have 
been discovered in these countries, we may perhaps con-
ceive, if we reflect, that the knowledge of iron was brought 
over from Phrygia to Greece by the Dactyli,tt who settled 
in Crete during the reign of Minos I. about 1431 years 
before Christ; yet during the Trojan war, which happened 
200 years after that period, iron was in suzh high tstima- 

Deut. iv. 20. 	f Ibid. viii. 9. 	: Numb. xxxv. 16. 
§ Levit. i. 17. 	 II Deut. xviii. 5. 	** Ibid. xxvii, 5. 
tf Ilesiod, as quoted by Pliny, lib. vii. c. 57. 
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IRON. 	 567 
lion, that Achilles proposed a ball of it as one of his prizes Chap. III. 
during the games which he celebrated in honour of Patro- \----v---1  
clus. 	At that period none of their weapons were formed of 
iron. 	Now if the Greeks in 200 years had made so little 

trogress in an art which they learned from others, how long 

1
.  must

l 
	it have taken the Egyptians, Phrygians, Chalybes, or 

\ wnatover nation first discovered the art of working iron, to 
'have made that progress in it which we find they had done 
in the days of Moses ?  

1. Iron is of a bluish white colour; and, when polished, Properties 
ro

ro
i
per

n.
ties 

has a great deal of brilliancy. 	It has a styptic taste, and 
	
o 

 
 

emits a smell when rubbed. 
2. Its hardness exceeds most of the metals ; and it may be 

rendered harder than most bodies when converted into 
steel. 	Its specific gravity varies from 7.6 to 7.8.* 

3. It is attracted by the magnet or loadstone, and is 
itself the substance which constitutes the loadstone. 	But 
when iron is perfectly pure, it retains the magnetic virtue 
for a very short time. 

4. It is malleable in every temperature, and its malea-
bility increases in proportion as the temperature augments; 
but it cannot be hammered out nearly so thin as gold or 
silver, or even copper. 	Its ductility, however, is more 
perfect; for it may be drawn out into wire as fine, at least, 
as a human hair. 	Its tenacity is such, that an iron wire, 
0'078 of an inch in diameter, is capable of supporting 
54915 lbs. avoirdupois without breaking.t 

5. When heated to about 158°  Wedgewood, as Sir 
George M'Kenzie has ascertained4 it melts. 	This tempe- 
rature being nearly the highest to which it can be raised, it 
has been impossible to ascertain the point at which this melted 
metal begins to boil and to ,evaporate. 	Neither has the 
form of its crystals been examined : but it is well known 

• Kirwan's Min. ii. 155. Dr. Shaw states the specific gravity of iron at 
V645. 	Shaw's Boyle, ii. 345. 	Brisson at 7188. 	Mr. Hatchett found 
a specimen 7100. 	On the Alloys of Gold, p. 66. 	Swedenburgh states 
it at 7.817. 'According to Muschenbroeck, hammered iron softened by 
heat is of the specific gravity 7.600; the same hammered hot, becomes 
7•7633; 'and the sane hammered cold, becomes V875. 	Wasserberg, 
1. 168. 

t Sickingen, Ann. de Chim. xxv. 9. 	English iron only supports a 
weight 348.38 lbs. 	See Annals of Philosophy, vii, 320. 

: Nicholson's Ito Jour. iv. 109. 
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• Book I. that the texture of iron is fibrous; that is, it appears when 
Division IL broken to. be composed of a number of fibres or strings 

bundled together. "---v—*/  
Combina- 	II. 	When exposed to the air, its surface is soon .tar- 
tion with 
oxygen. 

• nished, and it is gradually changed into a brown or yellot. 
powder, well known under the name of rust. 	This change 
takes place more rapidly if the atmosphere be moist. 	It is 
occasioned by the gradual combination of the iron with the 
oxygen of the atmosphere, for which it has a very strong 
affinity. 

Iron has a strong affinity for oxygen. 	It decomposes 
water at the 	common 	temperature of the 	air 	slowly, 
and almost imperceptibly. 	But at a red heat the decom- 
position goes on with rapidity; pure hydrogen gas being 
evolved iii abundance. 	It is even capable of decomposing 
potassium when assisted by a sufficiently high temperature. 
When iron wire, having a little cotton tied to its extremity, 
is plunged into oxygen gas while the cotton is in flames, it 
takes fire and burns •:;ith great brilliancy. 

As far .as is known at present, iron combines with only 
two proportions of oxygen, and forms two oxides, the prot-
oxide and the peroxide. The protoxide is black, but the per-
oxide is red. 

slack . 	1. The black .oxide of iron may be obtained by three 
cqide. different processes: 1. By keeping iron filings a sufficient 

time in water at the temperature of of 70°. 	The oxide thus 
formed is a black powder, formerly much used in medicine 
under the name of martial ethiops, and seems to have been 
first examined by . Lemeri.* 	2. By burning iron wire in 
oxygen gas. 	The wire as it burns is melted, and falls in 
drops to the bottom of the vessel, which ought to be covered 
with water, and to be of copper. 	These metallic drops are 
brittle, very hard, and blackish, but retain the metallic 
lustre. 	They were examined by Lavoisier, and found pre- 
cisely the same with martial ethiops.t 	They owe their 

* The best process is that of De Roover. 	He exposes a. paste formed 
of iron filings and water to the open air in a stoneware vessel ; the P:.%.-ite 
becomes hot, and the water disappears. 	It is then moistened aiain, and 
the process repeated till the whole is oxidized. The mass is then pounded, 
and the powder is heated in an iron vessel till it is perfectly dry, stirring 
it constantly. 	See Aim. de Chim. xliv. 3q9. 	 . 

t Ann. de Chim. i. 19. 
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lustre to the fusion which they underwent. 	3. By dissolving Chap. III. 
`"--Nr')  iron in sulphuric acid, and pouring potash into the solution. 

A green powder falls to the bottom, which assumes the 
appearance of martial ethiops when dried quickly in close 
,;essels. 

This oxide, when pure, is a black tasteless powder, in- Composi-
soluble in water; but soluble in acids, forming solution* of tion. 

`a pale green colour and a sweetish astringent taste. 	It is 
capable of combining with water, and the compound has a 
dirty greenish colour; but the water is very easily driven 
off. 	Many experiments have been made to determine the 
proportion of oxygen which this oxide contains. 	The fol- 
lowing table exhibits the results obtained by tile different 
experimenters. 

Proust* 	  100 iron + 28 oxygen 
II assenfratz t 	 100 	+ 29 
Bucholzt ...   100 	+ 29'87 
Berzelius§ 	 100 	'" + 29'57 

• Thomson II 	 100 	+ 28 
Gay-Lussac** 	100 	+ 28'3 

-.—.-.. 
Mean of the whole .... 100 	+ 28'78 

In order to be able to judge of the accuracy of these 
numbers, let us examine some of the salts into which this 
oxide enters. 

According to the experiments of Berzelius, sulphate of 
iron is composed of 

Sulphuric acid 	 100 	 5 
Protoxide of iron 	88 	 4'4 

From this we see that the,,equivalent number for pro- 
toxide of iron is 4.4. 	Let us take it at 4.5, which would 
suppose the salt a compound of 100 acid + 90 oxide. 
Farther, 90 protoxide of iron must contain 20 of oxygen. 
Hence it is a compound of 

.., Ann. de Chim. xxiii. 85. 	 f Ibid. lxix. 152. 
I Gekien's Journal fur die Chimie and Physik, iii. 711. 	His expe- 

riments gave only 99.09. 	But he considers the number in the text as 
the true one. 

qrp Annals of Philosophy, iii. 356. 	Ann. de Chim. lxxviii. 240. 
ll Annals of Philosophy. 	 •'" Ann. de Chim. lxxx. 16S. 

VOL. I. 	 2 13 
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Book I. Iron 	 79 	 100 Division II. Oxygen ... 20 	28'57 .......v—..../ 
Thus we obtain 28'57 for the quantity of oxygen which 

unites with 100 of iron in order to Constitute protoxide e' 
iron. 	If we divide the number 4'5 in the proportion of 
79 : 20 we 'obtain the protoxide composed of 	 1 

Iron 	 3'5 	 100 
Oxygen... PO  	28'57 

We see from this that the protoxide is a compound of 
1 atom iron and 1 atom oxygen, and that an atom of iron 
weighs 3.5. 

Pcroxide. 2. The peroxide of iron may be formed by keeping iron 
filings red hot in an open vessel, and agitating them con- 
stantly till they are converted into a dark red powder. This 
oxide was formerly called saffron of Mars. 	Common rust 
of iron is merely this oxide combined with carbonic acid 
gas. 	The red oxide., may be obtained also by exposing for 
a long time a diluted solution of iron in sulphuric acid to 
the atmosphere, and then dropping into it an alkali, by 
which the oxide is precipitated. 

This oxide, when pure, has a fine red colour, bordering 
on crimson. 	It has frequently a shade of yellow or brown,• 
owing to causes not well understood; but probably from the 
presence of some foreign body. 	It is tasteless, and inso- 
luble in water; but it dissolves in acids, though not so 
readily as the protoxide, and forms brownish or yellowish 
solutions having a sweetish and astringent taste. 

Composi- . 	From the experiments recently made on the constitution 
tion. of this oxide, there can be no doubt that it is a compound 

of 100 iron + 28'57 x 13 oxygen = 42'955. 	From the 
experiments of Berzelius ii- appears that the persulpbate of 
iron is composed of 

Sulphuric acid 	 100 
Peroxide of iron 	65.5 

This approaches very nearly to  
Acid... 100   t 
Oxide . 	66'6 	 3•'3 

The equivalent number we perceive is 3+. 	This apt,. 	.s 
at first sight absurd. 	The peroxide contains more oxygt i 
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than the protoxide, and yet its equivalent is less. 	But let Chap. III. 
us suppose it a compound of `--v--of 

2 Atoms iron 
_ 	 3 Atoms oxygen 
When the weight will be 3'5 + 3'5 + 3 = 10. 	Let us 
suppose the persulphate a compound of 3 atoms sulphuric 
acid and 1 atom peroxide. 	Then we have its composition 

Acid 	 100 	.. 	 5 X 3 = 15 
Oxide. .... 	.66'6 	10 

Now this is what I consider to be the true constitution of 
this salt, and the true nature of the peroxide. 	We thus 
get rid of the anomaly of the red oxide being a compound 
of 1 atom iron + 1.-r  atom oxygen 	If we get rid of this 
anomaly, by supposing the black oxide of iron to contain 
2 atoms and the red oxide 3 atoms of oxygen, we represent 
these oxides by numbers which do not correspond with 
their equivalents, and which cannot, therefore, be correct. 

3. I do not notice here the new oxides of iron announced 
by Thenard* and Gay-Lussac ; t because I do not think 
that these chemists have succeeded in establishing their 
existence. 

Cutting instruments of steel, after being finished, are Tempering 
hardened by heating them to a cherry red, and then plung- 
ing them into a cold liquid. 	After this hardening, it is 
absolutely necessary to soften them a little, or to temper 
them as it is called, in order to obtain a fine and durable 
edge. This is done by heating them till some particular colour 
appear on their surface. 	The usual way is to keep them in 
oil, heated to a particular temperature, till the requisite 
colours appear. 	Now these colours follow one another in 
regular succession according to the temperature. 	Between 

of steel. 

430° and 450°, the instrument assumes a very pale yellowish 
tinge; at 460°, the colour is a straw yellow, and the instru-
ment has the usual temper of pen-knives, razors, and other 
fine edge tools. 	The colour gradually deepens as the tem-
pek-ut2Te rises higher, and at 500° becomes a bright brownish 
metalli/  yellow. 	As the heat increases, the surface is suc-
cessively yellow, brown, red, and purple, to 580°, when 

Ann. de Odin. lvi. 59. 	 t Ibid. lxxx. 164. 
2 B 2 
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Book I. it becomes of a uniform deep blue, like that of watch- 
Division II. 

...—..\,......., 
springs.* 	The blue gradually weakens to a water colour, 
which is the last shade distinguishable before the instrument 
becomes red hot.- 	That these different shades of colour 
are owing to the oxidizement of the surface becomes eviden... 
from a mode of ornamenting sword-blades, knives, &c. long 
practised in Sheffield. 	Flowers, and various other orna- 
ments, are painted on the blade with an oily composition. 
It is then subjected to the requisite heat for tempering it. 
'rhe colour of the blade is altered in every part except 
where it is covered with the paint. When the paint is taken 
off the ornaments appear of the natural colour of polished 
steel, and of course are easily distinguishable. 	Sir 	H. 
Davy, in consequence of a letter from Mr. Stoddart, found 
that when steel is heated in hydrogen gas it does not change 
its colour as it does when tempered in the usual way. 
From these.facts it is obvious that the changes of colour are 
owing to the oxydizement of the surface of the 	iron. 
Whether the changes be owing to alterations in the thick-
ness of the coat of oxide or to the formation of various 
proportions of the two oxides we have no data to deter-
mine. 

III. Iron combines readily with chlorine, and forms two. 
compounds, which we shall call pr9toch/oride and perchloride 
of iron. 

Protochlo- 1. The protochloride may be formed by dissolving iron 
ride. in muriatic acid, evaporating the solution to dryness, and 

exposing the dry mass to a red heat in such a manner as to 
•exclude the action of air on it. 	It was first described by 
Dr. John Davy.§ 

Protochloride of iron has a grey but variegated colour 
and a metallic splendour. 	alts texture is lamellated. When 
heated to redness it melts, but is not volatilized. 	It is 
imperfectly soluble in water, and the solution yields crystals 
of green muriate of iron. 	According to the analysis of Dr. 
John Davy, li it is composed of 

. 	. 
* See the curious experiments of Mr. Stock:art, as relat, d by Mr. 

Nichol.iou. 	Nicholson's Quarto Jour. iv. 129. 
-1 Lewis, Newman's Chem. p. 19. 
I Annals of Philosophy, i. 131. 	§ Phil. Trans. 1812, p. , 
ll Phil. Trans. 1812, p. 182. 
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Chlorine ... 53.43 	100 	. . . . . . 4, ..5  Chap. III. 
Iron • • , • • • • 46'57 	 87.16 	 3.9 ,..--...v--, 

100.00 
,.. From this analysis we see that the protochloride is a 
compound of 1 atom chlorine + 1 atom iron. 	The accu- 
,rateproportions, according to the numbers formerly ascer-
tained for the atoms of these bodies, are as follows : 

Chlorine 	 4.5 	 100 
Iron 	 3.5 	 .. 	77.7 

2. The perehloride of iron was first described by Sir H. Perehlo- 
Davy,* and afterwards more particularly examined by Dr.  ride. 

John Davy.-I- 	It may be obtained by burning iron wire in 
chlorine gas, or by evaporating the red muriate of iron to 
dryness, and heating it in a tube with a narrow orifice. 	It 
is a substance of a bright brown colour, with a lustre ap- 
proaching that of iron ore from the., isle of Elba. 	It is 
volatilized by .a moderate heat, and forms minute brilliant 
crystals, the shape of which has not been determined. 	It 
dissolves completely in water, and the solution constitutes 
red muriate of iron. 	According to the analysis of Dr. 
Davy, it is composed of 

Chlorine.... 64'9 	100 	.. 4'5 x 2 
Iron 	 85'1  	54'08.. 4•86 

If it be a compound of 2 atoms chlorine and 1 atom 
iron, of which there seems no doubt, then its composition 
should be 

Chlorine 	 .9 	 100 
Iron 	  3.5  	S8'8 

.1) 
These numbers do not agree with the results obtained by 

Dr. John Davy : but if we consider that his analysis was the 
first, and that it was upon a minute scale, we shall not be 
surprized at this want of coincidence.  

IV. Iron combines readily with iodine. 	We know at 
presew4,-..pnly one iodide of this metal. 	It was first mentioned 
by Siii H. Davy and afterwards was more minutely de- 
scribriA by Gay-Lussac. 	It may be formed by heating iron 

Iodide. 

*" Phil. Trans. 1811, p. 23. 	 t Ibid. 1812, p. 181. 
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B6ok T. in contact with vapour of iodine. 	It is a brown substance 
Divisi°n IL  ....-v-.....,  which fuses at a red heat. 	It dissolves in water and forms a 

light green solution consisting without doubt of hydriodate- 
of iron. 	It has not been analysed. 	But it is probably com-_ 
posed of 1 atom iodine united to 1 atom iron, or by weight of. 

Iodine .... 15'625 	— 	 100 	• Iron 	.... 	3.5  	22'4,  

Analogy leads to the opinion that there exists likewise a 
periodide of iron, though it hits not hitherto been observed. 

V. We know nothing respecting the action of fluorine on 
iron. 	Azote does not seem capable of uniting with iron. 
Neither does it appear to form any permanent combination 
with hydrogen. 

VI. Iron has the property of combining with carbon and 
the compound constitutes the very important modifications 
of iron known by the names of cast iron and steel. 

Varieties of 
iron. 

There are a great Anany varieties of iron, which artists 
distinguish by particular names; but all of them may be re-
duced under one or other of the three following classes— 
Cast Iron, Wrought or Soft Iron, and Steel. 

i. cast 1. Cast Iron, or Pig Iron, is the name of this metal when 
iron. first extracted from its ores. 	The ores from which iron is 

usually obtained are composed of oxide of iron and clay. 
The object of the manufacturer is to reduce the oxide to 
the metallic state, and to separate all the clay with which it 
is combined. 	These two objects are accomplished at once, 
by mixing the ore reduced to small pieces with a certain 
portion of limestone and of charcoal, and subjecting the 
whole to a very violent heat in furnaces constructed for the 
purpose. 	The charcoal absorbs the oxygen of the oxide, 
flies off in the state of carbo..ic acid gas, and leaves the iron 
in the metallic state ; the lime combines with the clay, and 
both together run into fusion, and form a kind of fluid glass; 
the iron is also melted by the violence of the heat, and be-
ing heavier than the glass, falls down, and is collected at 
the bottom of the furnace. 	Thus the contents, of the fur- 
nace are separated into two portions; the, glass swiros at the 
surface, and the iron rests at the bottom. 	A hole at the 
lower part of the furnace is now opened, and the ir;. 1 al- 
lowed to flow out into moulds prepared for its reception. 	: 

Varieties. The cast iron thus obtained is distinguished by manufacl• 
2 
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turers into different kinds, from its colour and other qua- Chap. III. 
lities. 	The three following are the most remarkable of 
these varieties : 	 . 

1st, White cast iron, which is extremely hard and brittle, 

''''"v"-1  

And appears to be composed of a congeries of small crystals. 
It can neither be filed, bored, nor bent, and is very apt to 

,break when suddenly heated or cooled. 
2d, Grey or mottled cast iron, so called from the inequa- 

lity of its colour. 	Its texture is granulated. 	It is much 
softer, and less brittle, than the last variety, and may be cut, 
bored, and turned on the lathe. 	Artillery is made of it. 

3d, Black cast iron, is the most unequal in its texture, the 
most fusible, and least cohesive of the three.* 	. 

Cast iron melts when heated to about 130° Wedgewood. Properties. 
Its specific gravity varies from 7.2 to 7•6. 	It contracts con- 
siderably when it comes into fusion. 	It is converted into 
soft, or malleable iron, by a process which is considered as a 
rqfinement of it ; and hence the furnace in which the opera-
tion is performed is called afinery. . 

'2. This was usually done in this country by keeping the How con- 
iron melted for a considerable time in a bed of charcoal and vmeariledeabintem 
ashes, and the scoriae of iron, and then forging it repeatedly 
till it became compact and malleable. 	The process varies 
considerably in different countries, according to the nature 
of the fuel, and of the ore from which the iron was obtained; 
and the quality of the iron obtained is equally various. 

iron. 

Mr. Cort, about 25 years ago, proposed a new method, 
which succeeded in converting every kind of cast iron into 
malleable iron of the best quaity. 	The cast iron is melted 
in a reverberatory furnace by means of the flame of the 
combustibles, which is made to play upon its surface. While 
melted, it is constantly stirred by a workman, that every 
part of it may be exposed to the air. 	In about an hour the 
hottest part of.the mass begins to heave and swell, and to 
emit a lambent blue flame. This continues nearly an hour; 
and by that time the conversion is completed. The heaving 
is evidently produced by the emission of an elastic fluid.t 
As 't..;f process advances, the iron gradually acquires more 
cons),  :tency ; and at last, notwithstanding the continuance 
of t' ,e heat, it congeals altogether. 	It is then taken while 

I' Black's Lectures, ii. 495. 	t Beddoes; Phil. Trans. 1791. 
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Book I. hot, and hammered violently by means of a heavy hammer 
Division II. ...—...v.—.,  driven by machinery. 	This not only makes the particles 

of iron approach nearer each other, but drives away several 
impurities which would otherwise continue attached to the 
iron. 	This constitutes the foundation of the puddling pro.. 
cess now universally practised in our manufactories. 

s. Malle- 
able iron. In this state it is the substance described in this Section, 

under the name of iron. 	As it has never yet been decom- 
posed, it is considered at present when pure as a simple 
body; but it has seldom or never been found without some 
small mixture of foreign substances. 	These substances are 
either some of the other metals, or oxygen, carbon, silicon, 
or phosphorus. 

3. When small pieces of iron are stratified in a close 
crucible, with 'a sufficient quantity of charcoal powder, and 
kept in a strong red heat for eight or ten hours, they are 

3. 	Steel. converted into steel,* which is distinguished from iron by 
the following properties. 

Properties. It is so hard as to be unmalleable while cold, or at least 
it acquires that property by being immersed while ignited 
into a cold liquid: for this immersion, though it has no 
effect upon iron, adds greatly to the hardness of steel. 

It is brittle, resists the file, cuts glass, affords sparks with 
flint, and retains the magnetic virtue for any length of time. 
It loses this hardness by being ignited and cooled very slowly. 
It melts at above 130° Wedgewood. 	It is malleable when 
red hot, but scarcely so when raised to a white heat. 	It may 
be hammered out into much thinner plates than iron. 	It is 
more sonorous ; and its specific gravity, when hammered, 
is greater than that of iron, varying from 7'78 to 7'84.. 

By being repeatedly ignited in an open vessel, and ham-
mered, it becomes wrought ipoit.t 

Nature of 
these va- 

4. These different kinds of iron have been long known, 
and the converting of them into each other has been prac- , fieties. 
tised in very remote ages. 	Many attempts have been made 
to explain the manner in which this conversion is accom- 
plished. 	According to Pliny, steel owes its peculiar pro- 
perties chiefly to the water into which it is plunged i-o'order 
to be cooled.$ 	Beecher suiposed that fire was tilt only 

• This process is called sementation. 
f Dr. Pearson on `,`r uutz, Phil. Trans. 	Pliny, lib. xxxiv. 14. 
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agent; that it entered into the iron, and converted it into Chap. III. 

"..""v"—' steel. 	Reaumur was the first who attebkded accurately to 
the process; and his numerous experiments contributed 

.much to elucidate the subject. 	He supposed that iron is 
...converted into steel by combining with saline and oily or 
sulphureous particles, and that these are introduced by the 
fire". 	But it was the analysis of Bergman, published in 
1781, that first paved the way to the etplanation of the 
nature of these different species of iron.1,' 

By dissolving in diluted sulphuric acid 100 parts of cast 
iron, he obtained, at an average, 4.2 ounce measures of hy-
drogen gas; from 100 parts of steel he obtained 48 ounce 
measures; and from 100 parts of wrought iron, 50 ounce 
measures. 	From 100 parts of cast iron he obtained, at an 
average, 2.2 of plumbago, or „1--, ; from 100 parts of steel, 
0'5, or 7-1,-j; and from 100 parts of wrought iron, 0'12, or 
, (1, 0.t 	From this analysis he concluded, that cast iron con- 
tains the least phlogiston, steel in 	'e, and wrought iron 
Most of all; for the hydrogen gas was at that time consi-
dered as an indication of phlogiston contained in the metal. 
He concluded, too, that cast iron and steel differ from pure 
iron in containing plumbago. 	Mr. Grignon, in his notes 
on this analysis, endeavoured to prove, that plumbago is not 
essentially a part of cast iron and steel, but that it was merely 
accidentally present. 	But Bergman, after considering his 
objections, wrote to Morveau on the 18th November 1783, 
" I will acknowledge my mistake whenever Mr. Grignon 
sends me a single bit of cast iron or steel which does not 
contain plumbago; and I beg of you, my dear friend, to 
endeavour to discover some such, and to send them to me; 
for if I am wrong, I wish to be undeceived as soon as possi- 
ble."1: 	This was almost theo last action of the illustrious 
Berman. 	He died a few months after at the age of 49, i-, 
leaving behind him a most brilliant reputation, which no 
man ever more deservedly acquired. 	His industry, his in- 
defatigable—his astonishing industry, would alone have con-
tributed much to establish his name ; his extensive know-
ledge ;would alone have attracted the attention of philoso- 

* 	,:,puse. iii. 1. 
' Scheele had previously observed, that plumbago is obtained when 

.oine kinds of iron are dissolved in sulphuric acid. 	See his Dissertation 
on Plumbago. 	 1 Morveau, Encyc. Method, Chu. i. 1i8. 
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Book I. phers; his ingenuity, penetration, and accurate judgment; 
Division II- would alone have.secured their applause; and his candour 

and love of truth procured him the confidence and the 
esteem of the world.—But all these qualities were united in,  
Bergman, and conspired to form one of the noblest charac, 
ters that ever adorned human nature. 

'—‘f—d  

Explained. The experiments of Bergman were repeated, varied, and 
extended, by Vandermonde, Monge, and Berthollet, who 
published an admirable dissertation on the subject in the 
Memoirs of the French Academy for 1786. 	These philo- 
sophers, by an ingenious application of the theoretical dis-
coveries of Mr. Lavoisier and his associates, were enabled 
to explain the nature of these three substances in a satis- 
factory manner. 	By their experiments, together with the 
subsequent ones of Clouet, Vauquelin,.and Morveau, the 
following facts have been established. 

Wrought iron is a simple substance, and if perfectly pure 
would contain nothing. but iron. 

Steel is iron combined with a small portion of carbon, 
•and has been for that reason called carbureted iron. 	The 
proportion of carbon has not been ascertained with much 
precision. 	From the analysis of Vauquelin, it amounts at 
an average, to -,,kr  part.* 

That steel is composed of iron • combined with carbon, 
has been still farther confirmed by Morveau, who formed 
steel by combining together directly iron and diamond. 	At 
the suggestion of Clouet, he enclosed a diamond in a small 
crucible of pure iron, and exposed it completely covered up 
in a common crucible to a sufficient heat. 	The diamond 
disappeared, and the iron was converted into steel. . The 
diamond weighed 907 parts, the iron 57,800, and the steel 
obtained 56,384; so that 2,3A 3 parts of the iron had been 
lost in the operation.t 	From this experiment it follows, 
that steel contains about zic, of its weight of carbon. 	This 
experiment was 	objected to 	by Mr. Mushet ; but the 
objections were refuted by Sir George M'Kenzie.$ 

ItUunan, long ago, pointed out a method by Which steel 
may be distinguished from iron. 	When a little lauded 
nitric acid is dropt upon a plate of steel, allowed to i main 

* Ann. de aim. xxii. 1. 	 t Ibid. xxxi. 
Nicholson's Journal, iv. 103. 
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a few minutes, and then washed off, it leaves behind it a Chap. ni. 
black spot; whereas the spot formed by nitric acid on iron 
is whitish green. 	We can easily see the reason of the black 
spot : it is owing to the carbon of the iron which is left un-
aissolved by the acid. 

\--v--)  

Cast iron is iron combined with a still greater proportion 
.of dirbon than is necessary for forming steel. The quantity 
has not yet. been ascertained with precision : Mr. Clouet 
makes it amount to 4th of the iron. 	The blackness of the 
colour, and the fusibility of cast iron, are proportional to 
the quantity of carbon which it contains. 	Cast iron is 
almost 	always 	contaminated 	with 	foreign 	ingredients; 
These are chiefly oxide of iron, phosphuret of iron, and 
silicon.:1* 

5. It is easy to see why iron is obtained from its ore in manu- 
the state of cast iron. 	The quantity of charcoal, along with 
which the ore is fused, is so great, that the iron has an oppor- 
tunity of saturating itself with it. 	.. 

facture of  

'The conversion of cast iron into wrought iron is effected 
by burning away the charcoal, 	and depriving the iron 
wholly of oxygen : this is accomplished by heating it vio- 
lently while exposed to the aint 	Mr. Clouet has found, 
that when cast iron is mixed with 4.th of its weight of black 
oxide of iron, and heated violently, it is equally converted 
into pure iron. 	The oxygen of the oxide, and the carbon 
of the cast iron, combine, and leave the iron in a state of 
purity.f 

Soft iron. 

The common method of refining cast iron is nothing else 
than this process of Clouet, as has been pointed out by Dr. 
Black. 	A considerable quantity of the iron, (about ,1.3.(1) is 
scorified or converted into black oxide of iron, known when 

(0 
r-4  A specimen of very pure cast iron analysed by Berzelius yielded, 

Iron (with silicon and magnesium) 91.53 
Manganese . 	4'57 
Carbon  	3.90 

100.00 
'ili, 7ilicon was 4 a per cent, the magnesium 1 th of a per cent. 	Af- 

hadlir 4ar, iii. 152. 
-1. 	.'- ,A. detailed account of the process used at Sheffield for converting 

P.  ., iron into pure iron has been published by Mr. Collier in the 5th 
volume of the Manchester Memoirs 	p. 111. 

/ Jour. de Min. An. vii. p. 8. 
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Book I. melted by the name of finery cinder.* 	This being mixed 
131visi'm a  %..--„,—...., with the melted iron, and the heat increased, the oxide acts 

upon the carbon, and both mutually decompose each other. 
The nicety of the operation depends on knowing how far to 
carry the calcination of the iron, that there may be just suf-:, 
ficient to consume the whole of the carbon, 	Much more, 
however, is actually formed in the large manufactories. s 

6. The conversion of iron into steel is effected by com- 
bining it with carbon. 	This combination is perfbrmed in 
the large way by three different processes, and the products 
are distinguished by the names of natural steel, steel of ce-
mentation, and cast steel. 

Natural 
steel. Natural steel is obtained from the ore by converting it 

first into cast iron, and then exposing the cast iron to a vio-
lent heat in a furnace while its surface is covered with a mass 
of melted scorim five or six inches deep. 	Part of the carbon 
is supposed to combine with the oxygen which cast iron 
contains, and to fly off in the state of carbonic acid gas. 
The remainder combines with the pure iron and constitutes 
it steel.t 	This steel is inferior to the other species; its 
quality is not the same throughout, it is softer, and not so 
apt to break ; and as the process by which it is obtained is 
less expensive, it is sold at a lower price than the other 
species. 	 . 

Steel of ce- Steel of cementation is made by stratifying bars of pure 
mentation. iron and charcoal 	powder alternately in large earthen 

troughs or crucibles, the mouths of which are carefully 
closed up with clay. 	These troughs are put into a furnace, 
and kept sufficiently hot till the bars of iron are converted 
into steel, which usually requires eight or ten days.$ 	This 
process was invented, 	or at least first practised to any 
extent, in Britain. 	The baits of steel thus formed, are 
known in this country by the name of blistered steel, because 
their surface is covered here and there with a kind of blister 
of the metal, as if an elastic fluid had been confined in dif- 
ferent parts of it. 	When drawn out into smaller bars by 
the hammer, it receives the name of tilted steel,. from the 

all," 

g The French name for this is hailer. 	 n. 
t A detailed account of this process, as performed in differen iron, 

works, may be seen in the Jour. de Min. No. iv. p. 3. 
The process is described at large by Mr. Collier in the Manchester 

Memoirs, v. in. 
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hammer employed. 	When broken to pieces, and welded Chap. III. 
"---N..---/  repeatedly in a furnace, and then drawn out into bars, it is 

called German or shear steel. 	Steel of cementation has a 
fine grain, is equal, harder, and more elastic than natural 
,steel. 

Cast steel is the most valuable of all, as its texture is most Cast steel.  
compact, and it admits of the finest polish. 	It is used for 
razors, surgeons' instruments, and other similar purposes. 
It is more fusible than common steel, and for that reason 
cannot be welded with iron : it melts before it can be heated 
high enough. 	The method of making it was discovered 
about 1750 by Mr. Huntsman of Sheffield. 	The process 
was for some time kept secret; but it is now well known in 
this country, and other manufacturers succeed in it equally 
well with the original discoverer. 	It consists in fusing 
blistered steel in a close crucible, mixed with a certain pro- 
portion of pounded glass and charcoal powder. 	It may be 
formed also, according to the experiments of Clouet, by 
melting together 30 parts of iron, 1 part of charcoal, and I 
part of pounded glass; or by surrounding iron in a crucible 
with a mixture of equal parts of chalk and clay, and heating 
the crucible gradually to a white heat, and keeping it a suf-
ficient time in that state.t The carbon, according to Clouet, 

,is obtained by the decomposition of the carbonic acid, 
which exists abundantly in the chalk ; one part of the iron 
combining with the oxygen of this acid, while the other 
part combines with the carbon. $ 	But the subsequent expe-
riments of Mr. Mushet have rendered it very probable that 
this theory is erroneous, and that the steel obtained by 
coat was owing to some other unobserved circumstance: 
for when he repeated it with all possible precision, he 
obtained only iron which hqd been melted, and thereby 
altered in its texture and appearance, but not converted into 
steel.§ 	From the experiments of Clouet, it does not appear 
that the presence of glass is necessary to constitute cast 
-Steel; the only essential ingredients seem to be iron and 
carbon : but the quantity of carbon is greater than in com- 
mon meel, 	and this seems 	to constitute the difference 
betsy ;en these two substances. 

Collier, Manchester Memoirs, v. 11T. 
t Jour-de Min. An. vii. 3. 	/ Guy ton and Darcet, Ibid. An, vi. 70$. 
§ Phil. Meg. xii. Sr. 
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Book I. '7. From the preceding detail, it is obvious that iron and 
Division It. carbon are capable of combining together in a variety of 

different proportions. 	When 	the carbon exceeds, the 
compound is carburet of iron or plumbago. 	When the iron 
exceeds, the compound is steel or cast iron in various states 
according to the proportion. 	All these compounds may be 
considered as subcarburets of iron. 	The most complete 
detail of experiments on these various compounds which 
have appeared in this country are those of Mr. aushet, 
published in the Philosophical Magazine. 	This ingenious 
practical chemist has observed, that the hardness of iron 
increases with the proportion of charcoal with which it 
combines, till the carbon amounts to about 7:,'-o- of the whole 
mass. 	The hardness is then a maximum; the metal ac- 
quires the colour of silver, loses its granulated appearance, 
and assumes a crystallized form. 	Jf more carbon be added 
to the compound, the hardness diminishes in proportion to 
its quantity.* 

%—Nr-1  

The following table, by the same ingenious chemist, 
exhibits the proportion of charcoal which disappeared dur-
ing the conversion of iron to the different varieties of sub-
carburet known in commerce.t 

Subcarbu- Soft 7-211   . . • . 	cast steel 
rcts of iron. i   Common 10 0 	 cast steel 

910   The same, but harder 
'0 	  The same, too hard for drawing 
1 J   White cast iron '2 

210   Mottled cast iron 
115   Black cast iron. 

8. The substance described in a preceding section under 
the name of plumbago, has, been usually considered as a 
carburet of iron. 	But this opinion cannot be maintained 
by any plausible arguments. 	According to the analysis of 
Allen and Pepys, it is composed of 

Carbon 	 95 
Iron  	5 	. 

100 
. 	i. 

Now if an atom of carbon weigh 0.75 and an ato, of 

' Phil. Mag. xiii, 133. 	 t Ibid. xiii. 
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-,iron 3%5, it must follow that it consists of about 100 atoms Chap. III. 
of carbon, united to only 1 atom of iron. 	But such a com- 
bination cannot be conceived. 	It is much more probable 
that the small proportion of iron is only mechanically mixed. 

\--v--)  

, 	VII. From the experiments of Descotils 'i.  and Gmelin t 
we learn, that iron is capable of combining with boron. The 

ru boret was formed by fusing a mixture of iron filings and 
boracio acid in a covered crucible. 	It constituted a ductile 
mass of a silver white colour. 

Boruret. 

VIII. From the experiments of Berzelius and Stromeyer, 
it appears, that silicon may be combined with iron. 	It is 
even probable, from Berzelius' observations, 	that some 
kinds of iron may owe their peculiar qualities to the silicon 
which they contain. 	Silicuret of iron is of a silver white 
colour and ductile. 	It requires heat before it dissolves in 
sulphuric acid. 	When dissolved in acids it leaves a quan- 
tity of silica, constituting a porous mass of the size of the 
silicuret dissolved. 	Nothing is known respecting the pro- 
portions of iron and silicon, capable of uniting. 

siiicaret. 

IX. Iron readily unites with phosphorus, and forms a 
phosphuret of iron. 

1. Phosphuret of iron may be formed by fusing in a cruci- Phosphu.. 
ble 16 parts of phosphoric glass, 16 parts of iron, and half ret. 

,.:.‘. part of charcoal powder. 	It is magnetic, very brittle, and 
appears white when broken. 	When expcsed to a strong 
heat, it melts, and the phosphorus is dissipated.$ 	It may 
be formed also by melting together equal parts of phosphoric 
glass and iron filings. 	Part of the iron combines with the 
oxygen of the phosphoric glass, and is vitrified ; the rest 
forms the phosphuret, which sinks to the bottom of the 
crucible. 	It may be formed also by dropping small bits of 
phosphorus into iron filings heated red hot. § 	The propor- 
tions of the ingredients of this phosphuret have not yet been 
determined. 	It was first discovered and examined 	by 
Bergman, who took it for a new metal, and gave it the 
name of siderum. 

2. There is a particular kind of iron known by the name history  of 
of a''1 short ironl  because it is brittle when cold, though it be 
malt able when hot. Bergmann was employed at Upsala in 

,
i
,e
. 

r
d
y

sco- 

Recherches Physico-chimiques, i. 306. 
t Schweigger's Journal, xv. 246. 	I Pelletier, Ann. de Cllim. i. 105. 
§ Pelletier, Ann. de Chin]. xiii. 113. 	 II Opusc. iii. 109. 
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Book I.  examining the cause of this property, while Meyer * was 
Divisioni  IL occupied at Stetin with the same investigation; and both of 
------ them discovered, nearly at the same time, that by means of 

sulphuric acid, a white powder could be separated from this 
kind of iron, which by the usual process they converted into 
a metal of a dark steel grey, exceedingly brittle, and not 
very soluble in acids. 	Its specific gravity was 6.700; it,was 
not so fusible as copper; and when combined with iron 
rendered it cold short. 	Both of them concluded that this 
substance was a new metal. 	Bergman gave it the name of 
siderum, and Meyer of hydrosidenini. 	But Klaproth soon 
after, recollecting that the salt composed of phosphoric acid 
and iron bore a great resemblance to the white powder ob-
tained from cold short iron, suspected the presence of phos-
phorus in this new metal. To decide the point, he combined 
phosphoric acid and iron, and obtained, by heating it in a 
crucible along with charcoal powder,t a substance exactly 
resembling The new inetal.t 	Meyer, when Klaproth com- 
municated to him this discovery, informed him that he had 
already satisfied himself, by a more accurate examination, 
that siderum contained phosphoric acid4 	Soon after this, 
Scheele actually decomposed the white powder obtained 
from cold short iron, and thereby demonstrated that it is 
composed of phosphoric acid and.iron.I1 	The siderum a 
Bergman, however, is composed of phosphorus and iron, or 
it is phosphuret of iron ; the phosphoric acid being deprived 
of its oxygen during the reduction.** 

X. Iron combines with two proportions of sulphur, and 
fprms protosulphuret and persulphuret of iron, compounds 
which are usually distinguished among mineralogists by the 
names of mag,netic pyrites and cubic pyrites. 

Protosul- 
phuret. 

1: Protosulphuret of iron• or magnetic pyrites, is found 
native in 	considerable quantity. 	Its colour is that 	of 
bronze. 	It has a metallic lustre ; but its powder is blackish 

* Schriften der Berliner Gesellsch. Naturf. Freunde, 1780, ii. 334, 
and iii. 380. 	t This process in chemistry is called reduction. 

/ Crell's Annals, 1784, i. 390. 	§ Crell's Annals, 1784, 	. , 195. ) H Crell, i. 112, Eng. Trans. 
* 	Hinman has shown that the brittleness and bad qualities'; 	cold 

short iron may be removed by heating it strongly with lime-stone, and 
with this the experiments of Levavasseur correspond. 	See Ann. d. 
Chirp. xlii. 831. 
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-grey. 	Its specific gravity is 4%518. 	It strikes fire with Chap. III. 
steel, and easily melts when heated. 	Mr. Hatchett found 
it composed of 63 iron and 3'7 sulphur, which agrees almost 
exactly with the analysis of Proust. 	He is of opinion that 
the iron is not altogether in the metallic state, but contains 
about 13a- part of its weight of oxygen.* 

""v"--1.  

This sulphuret dissolves readily in sulphuric and mtiriatic 
acids, enitting abundance of sulphureted hydrogen. When 
heated with nitric acid, a considerable portion of the sul-
phur is separated.f 

If we suppose it a compound of 1 atom iron + 1 atom 
sulphur, its constituents will be, 

Iron   3.5   100 
Sulphur 	 2  	57.1 

Now the result of Hatchett's analysis is, 
Iron   100 
Sulphur  	5•73 

Here we see the coincidence is very close. 
2. Persulplzuret of iron, or cubic pyrites, is of a yellow Persulphu- 

colour, and has the metallic lustre. 	It is brittle, and suffi- 
ciently hard to strike fire with steel. 	Its specific gravity is 
kteliAt 4.5, 	It usually crystallizes in cubes. 	When heated 
it is decomposed. 	In the open air the sulphur takes fire : 

reL  

in close vessels filled with charcoal, part of the sulphur is 
volatilized; and a black substance remains, retaining the 
original form of the mineral, but falling to powder on the 
slightest touch. 	Mr. Proust has demonstrated that this 
black substance is protosulphuret of iron. 	Pyrites, accord- 
ing to him, when thus treated, gives out 0'20 parts of sul- 
phur, and 0'80 parts of sulphurot remain behind.t 	Hence 
pyrites is composed of 

80 protosulphuret of iron 
20 sulphur 

100 
But this method is not susceptible of great accuracy. 

Mr. riatchett subjected various specimens of pyrites to 

* Hatchett's Analysis of Magnetical Pyrites, Phil. Trans. 1804. 
I- Hatchett, Ibid. 	 t Jour. de Phys. liii. 89. 

VOL. I. 	 2 c 
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analysis with that precision for which he is distinguished. 
The following table exhibits a view of the results which be 
obtained:* 

Pyrites. Specific gravity. 
Constituents. 

Iron. Sulphur. Total. 

1st In dodecahedrons 4.830 47.85 52•1";1. 100 
............ 

2d Striated cubes 47.50 42'50 100 

3d Smooth cubes 4'851 17.30 52.70 100 

4th 

5th 

Radiated 4'698 16'40 53'60 100 

Smaller do. 

Mean 

4'775 45.66 54.31 100 

46'94 53'06 100 

If we suppose the persulphuret of iron to be a compound 
of 1 atom iron with 2 atoms sulphur, then its constituents 
will be, 

Iron   3.5   100 
Sulphur 	 4   111'2 

Now the mean of Mr. Hatchett's analyses, just :-.•:,:•• .1. 
gives us, 

Iron   100 
Sulphur 	 113 

Here -the coincidence between the experimental and.  
theoretical result is still greater than is the case with pro- 
tosulphuret of iron. 	As the deviations in the two cases are 
on opposite sides, the mean of both would come still nearer 
the truth. 	This is sufficient to convince us that on the 
supposition of perfect precision the differences would vanish 
altogether. 

Protosulphuret of iron is not only attracted by the n ig-
net, but may be itself converted into a magnet by the usual 
methods; but persulphuret is not in the least obedient to 
the magnet, neither is it susceptible of th, magnetic virtues4 

It has been long known that pure iron is not susceptible 
of retaining the properties of a magnet; but steel, when 

* Hatehett, Phil. Trans. 1804. 	f Ibid. 
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once magnetized, continues permanently magnetic. 	Now Chap. III. 
ateel, as we shall see immediately, is a combination of iron `---v---' 
and carbon. 	When the proportion of carbon united to iron 
is increased to a certain proportion, as in plambago, the 
iron loses the property of being acted on by the magnet. 

s Magnets, 
of iron ; 

The addition of a. certain portion of sulphur likewise renders 
iron susceptible of becoming a permanent magnet. 	The 
sulphuray amount to 46 per cent. without destroying this 
property; but when it is increased to 52 per cent. the mag- 
netism vanishes completely. 	Iron may be made perma- 
nently magnetic also when united to 	phosphorus; 	but 
whether the magnetism disappears when the proportion of 
phosphorus is increased, has not been ascertained. 

Thus it appears that pure iron is not susceptible of per- And a cer- 
rrianent magnetism. 	United to a portion Of carbon, it linn 

 p
o
lio o r - 

a
p 

forms a compound more or less brittle, soluble in muriatic simple 
acid, and susceptible of magnetic impregnation. 	Saturated c5gnbus- 
with carbon, it becomes brittle, insoluble in muriatic acid, 
and destitute of magnetic properties. 

able. 

Iron, united to a portion of sulphur, forms a brittle com-
pound, soluble in muriatic acid, and susceptible of magnetic 
impregnation. 	Saturated wish sulphur, 	the compound 
becomes brittle, insoluble in muriatic acid, and destitute of 
ar„...--;•lir.: properties. 

Iron, united to phosphorus, is brittle, and susceptible of 
magnetic impregnation in a great degree, and in all proba-
bility, by saturation, would lose its magnetic properties 
altogether. 

For these facts, which are of the utmost importance, we 
are indebted to Mr. Hatchett, who was led to the discovery 
of them by his experiments on magnetic pyrites. 	" Speak- 
ing  generally of the carburets, silphurets, and phosphurets 
of iron, I have no doubt," says this sagacious philosopher, 
" but that, by accurate experiments, we shall find that a 
cer,-ain proportion of the ingredients of each constitutes a 
m...ximum in the magnetical power of these three bodies..  
When this maximum has been ascertained, it would be 
proper to comparc the relative magnetical power of steel 
(which hitherto has alone been employed to form artificial 
magnets) with that of sulphuret and phosphuret of iron ; 
each being first examined in the form of a single mass or bar 
of equal weight, and afterwards in the state of compound 

2 C 2 
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Book I. magnets, formed like the large horse-shoe magnets, by die 
Division Ir. separate arrangement of an equal number of bars of the 

same substance in a box of brass. 
" The effects of the above compound magnets should 

then be tried against others, composed of bars of the dine 
different substances, various in number, and in the mode of 
arrangement ; and lastly, it would be interesting to Make a 
series of experiments on chemical compounds, krmed by 
uniting different proportions of carbon, sulphur, and phos- 
phorus, with one and the same mass of iron. 	These 
quadruple compounds, which, according to the modern 
chemical nomenclature, may be called carburo-sulphuro 
phosphurets, or phosphuro-sulphuro carburets, &c. of iron, 
are as yet unknown as to their chemical properties, and may 
also, 	by the investigation of their magnetical properties, 
afford some curious results. 	At any rate, an unexplored 
field of extensive research appears to be opened, which 
possibly may furnish important additions to the history of 
magnetism ; a branch of science which of late years has 
been but little augmented, and which, amidst the present 
rapid progress of human knowledge, remains immersed in 
considerable obscurity." 	•  

Alloy with XI. Iron and arsenic • may be alloyed by fusion. 	The 
arsenic. alloy 	is white and 	brittle, and may be.,t..yzt-il!i::y1„..-. -.',.‘,is 

found native, and is known among mineralogists by the 
name of mispickel. 	Iron is capable of combining with more 
than its own weight of arsenic.* 

XII. We are not acquainted with the combination of 
. iron and tellurium. 	It combines with potassium 	and 

sodium ; but its alloys with these metals have not been 
particularly observed. 	We know nothing of its combina-
tions with the metals of the alkaline earths and earths 
proper. 

Affinities. At present it would be difficult to determine the order of 
the affinities of the simple combustibles for oxygen. 	Tron 
has the property, when assisted by heat, of depriving p ?t- 
assium and sodium of their oxygen. 	But potassium and 
sodium are equally capable of reducing the oxides of iron to 
the metallic state. 	Again, iron at a red heat rapidly de- 
composes water and separates the hydrogen gas. 	Here it 

* Betgra an, ii. 281. 
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—Would seem that iron has it stronger affinity for oxygen than Chap. ill. 
...,hydrogen gas. 	But, on •the other hand, when oxide of ''''-v"--/  

.*on is surrounded with hydrogen gas, and heated, it is 
rapidly converted into the metallic state while abundance of 
)7ater is formed. 	Here the' affinities of the different bases 
glr oxygen. seem to have alternately the preponderance. 
Vari'Ous other examples might easily be given. 	They show 
sufficietAly that our present opinions respecting affinity are 
by no means accurate. 	The order of the affinities of the 
simple supporters for iron is as follows:  

Iron 
Chlorine 
Oxygen 
Iodine. 

SECT. IL 

OF NICKEL. 

THERE is found in different parts of Germany a heavy 
mineral of it reddish brown colour, not unlike copper. 
Wiiai _—extiOied - 6 the air, it grridually loses its lustre, 
becomes at first brownish, and is at last covered with green 
spots. 	It was at first taken for an ore of.cbpper; but as 
none of that metal can be extracted from it, the miners 
gave it the name of Kuplowickel, 	 or " false 	copper." 

History. 

}Berne, wllo may be considered as the father 	of the 
Swedish chemists, is the first person who mentions this 
mineral. 	He gives a description of it in a book published 
by him in 1694., on the art of detecting metals. 	It was 
generally considered by mineralogists as an ore of copper, 
till it was examined by the celebrated Cronstedt. 	He con- 
e) Idea from his experiment, which were published in the 
...tockliolm Transactions for 1751 and 1754., that it con-
tained a new metal, to which he gave the name of nickel. 

• It would appear from Davy's experiments that the peroxide of iron 
retains oxygen more obstinately than the protoxide. 	For the red oxide 
was not decomposed by chlorine, though the black oxide was. 	See 
Phil. Trans. 1811, p. Q5. 
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. 

Book 1. 	This opinion was embraced by all the Swedes, 	and 
Division II. indeed by the-  greater number of chemical philosophers. 

Some, however, particularly Sage and Monnet, affirmed" 
that it contained no new metal, but merely a compound of 
various known metals, which could be separated from each 
other by the usual processes. 	These assertions induceil 
Bergman to undertake a very laborious course of experi-
ments, in order, if possible, to obtain nickel in kJatate of 
purity; for Cronstedt had not been able to separate a quan-
tity of arsenic, cobalt, and iron, which adhered to it with 
much obstinacy. 	These experiments, which were pub- 
lished in 1775,* fully confirmed the conclusions of Cron- 
stedt. 	Bergman has shown that nickel passesses peculiar 
properties; and that it can neither be reduced to any other 
metal, nor formed artificially by any combination of metals. 
It must therefore be considered as a peculiar metal. 	It may . 
possibly be a compound, and so may likewise many other 
metals; but we mtfat admit every thing to be a peculiar 
body which has peculiar properties, and we must admit 
every body to be simple till some proof be actually produced 
that it is a compound ; otherwise Iva forsake the road of 
science, and get into the regions of fancy and romance. 

Nickel is rather a scarce mineral, and it occurs always 
in combination with several other metai4-iioL .iiiii....-_---;.'.. 
exceedingly difficult to separate it. 	These metals disguise 
its properties,. and account in some measure for the hesita- 
tion with which it was admitted as a peculiar metal. 	Since 
the great improvements that have been introduced into the 
art of analysing minerals, chemists of eminence have be-
stowed much pains upon this metal, and a variety of pro-
cesses have been published for procuring it in a state of 
purity. 	For the brittle metal that is sold under the name 
of nickel contains abundance of iron and arsenic, and some 
cobalt, copper, and bismuth. 	The first set of experiments, 
after those of Bergman, made expressly to purify nicl A 
are those of the School of Mines of Paris, of which Foul'. 
croy has published an abstract.t 	Their method was ted:otis  
and incomplete. 	Since the publication of these experi- 
ments, no less than eight other processes have been proposed 

Bergman, ii. 231. 
$ Discours Preliminaire, p. 117. 
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by chemists, all of them ingenious, and attended each with Chap.11I. 
peculiar advantages and inconveniences.* .--.v..-.... 

In the year 1804 an elaborate paper on nickel was pub-
lished by Richter,f and in the year.1811 an excellent set of 
en.f.riments on this metal and its combinations was published 
r,y Tupputi.$ 	About the same .time an elaborate analysis 
0! its oxides was made by Rothoff.§ 

Tuppti's mode of obtaining pure nickel is as follows. Reduction. 
The impure metallic substance to be met with in commerce 
called speiss, is to be reduced to powder and digested in 2+ 
times its weight of nitric acid diluted with all equal weight 
of water. 	When the action is at an end, filter the solution 
in order to get rid of a quantity of arsenious acid which 
exists in it in the state of a powder. 	Evaporate the liquid 
to ,nth of its bulk; more crystals of arsenious acid will fall; 
let them be separated by a filter. 	Then into the liquid, still 
hot, drop by degrees a solution. of carbonate of soda till the 
precipitate which falls begins to assume a green colour. 11 
Then filter the liquid, dilute it with a good deal of water, 
and add an excess of acid, and pass through it a current of 
sulphureted hydrogen gas in order to precipitate the whole 
of the arsenic. 	It falls in the state of yellow flocks. 	When 
it has been all thrown down, filter again and add a sufficient 
i 	 rt;t:!nf.;:,..1.,:k to precipitate the oxide of nickel which 
now remains combined with nitric acid. Mix this oxide with 
3 per cent. of resin, make it into a paste with oil, and 
expose it to the most violent heat of a forge in a charcoal 
crucible. 	A metallic button of pure nickel will be obtained. 

But a much shorter process may be employed to procure simpler 
nickel in a state of very considerable purity. 	Dissolve speiss 
in sulphuric acid by adding the quantity of nitric acid 
necessary to produce the solution. 	Concentrate this solu- 
tion and set it aside. 	Fine green crystals of sulphate of 

Mr. Philips published a process in Phil. Mag. xvi. 312; Proust ,* 

method. 

.bother in Jour. de Phys. lvii. 169; Thenard another, in Ann. de Chim. 
L 117 ; Bucholz another, in Gehlen's Jour. ii. 282, and iii. '401 ; Richter 
a-tilili, Ibid. iii. 244; and Proust a sixth, Ann. de Chilli. lx. 275. 

t Gehlen's Journid, iii. 9A4. 	I Ann. de Chim. lxxviii. 133. 
§ Berzelius's Larbok i kemien, ii. 311. 
11 There first falls arseniate of iron in yellowish-white flocks, then 

arseniate of cobalt in rose-red flocks Faixed with arseniate of copper and 
some arseniate of maganese. 

2 - 
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Book I. 	nickel make their appearance. 	Proceed in this manner till' 
1)
,.....v......)
ivisian II. you have obtained a sufficient quantity of crystals of sulphate 

of nickel. 	Dissolve these crystals in water and crystallize 
. 	them a second time. 	If they be now dissolved in water* 

and decomposed by an alkali, pure oxide of nickel r.-1111  
fall. 	It may be reduced as• above to the metallic state. 	A 

Properties. 	I. 	Nickel, 	when 	pure, is of a fine white colour m- 
sembling silver ; 	and, like that metal, it leaves v t,white 
trace when rubbed upon the polished surface of a hard 
stone.* 

It is rather• softer than iron. 	Its specific gravity, accord- 
ing to Richter, after being melted, is 8.279; but when 
hammered, it becomes 8.666' 	But Tourte found the 
specific gravity of Richter's nickel 8.402, and when strongly 
hammered it was as high as 8.9324 	According to Tuputi, 
when fused it is 8'380, and after being hammered it is as 
high as 8'8204. 

It is malleable both cold and hot; and may without diffi- 
be hammered 	into 	 exceeding the culty 	 out 	plates not 	 1 . 

part of an inch in thickness.11 
It is attracted by the magnet. 	.Like steel, it may be 

converted into a magnet; and in that state points to the 
north when freely suspended precisel; as a common mag- 
netic needle." 	 . 	. 

According to Lampadius, its magnetic energy is to that 
of iron as 35 to 55.tt 

It requires for fusion a temperature at least equal to 160°  
Wedgewood.ft 	It has not hitherto been crystallized. It is 
not altered by exposure to the air, nor by keeping it under 
water. §§ 

* Fourcroy, Discours Preliminairr, p. 117. 	t Gehlen's Jour. iii. 252. 
I Gehlen's Journal, fur die Chemie, Physick and Mineralogie, vii. 

444. 	From Lampadius' experiments it appears that this nickel con- 
tained cobalt and arsenic. 	Tromsdorf's Journal, xvi. 40, as quoted by 
Tuputi. 	 § Ann. de Chim. lxxviii. 140. 	,.. 

II Richter, Gehlen's Jour 	iii. 252. 	 • 
** Bergman, Klaproth, Fourcroy, Richter, &c.—Mr. Chenevix had' 

announced it method of procuring nickel which was not magnetic; but 
he afterwards ascertained, that it owed this peculiarity to the presence 
of arsenic. 	 ft Annals of Philosophy, v. 62. 

It Bergman, ii. 269. 	According to Richter, its melting point is as 
high as that of manganese. 	Tuputi thinks it rather lower. 

§§ Richter, Ibid. 
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From the experiments of Tuputi, it appears that pre- Chap .III. 

parations of nickel possess poisonous qualities.* ....-s,_, 
II. Nickel, when moderately heated, is soon tarnished ; 

ti•nd from the observations of Tourte, it appears that it runs 
thmtigh nearly the same changes of colour that steel does 

Oxides. 

'when tempered. 	It becomes first light-yellow, then deep- 
V118w, light violet-blue, and last of all greyish-blue.- 	It 

cap6,1e of combining with two proportions of oxygen, and 
of forming two oxides. 	The protoxide is blackish ash grey, 
the peroxide black. 
„ 1. By exposure to heat, however long continued, Tuputi 

was not able to oxydize this metal completely. 	The pro- 
toxide is easily procured by dissolving nickel in nitric acid, 
throwing it down by potash and after washing the: precipi- 
tate, drying it and heating it to redness. 	We have four 
sets of experiments to determine the quantity of oxygen in 
this oxide. 	The following table exhibits the results. 

. 	Proust I 	 100 nickel .f? 26 oxygeri, 

Protoxide, 

Richter§ 	 100 	+ 28'2 
Tuputi ii 	 100 	+ 27 
Rothoff" ..1/ . 100 	+ 27.255 
Klaprothtt .:, .. 100 	+ 32.5 

. 7n ri,3I-ff.r.-  : tTrt.::ich of these numbers is most correct, let 
us examine 	the composition of sulphate of nickel. 	This 
salt, according to the experiments of Tuputi, is composed 
of 

Sulphuric acid 	 100   5 
Protoxide of nickel . 	87.26 	 4.362 

We see that according to this analysis the equivalent 
number for protoxide of nichel is 4.362. 	'We may consider 
it without sensible error as '4.375. 	On this supposition 
(considering it as a compound of 1 atom metal + 1 atom 
oxygen) it will consist of 

Nickel 	 100 
Oxygen  	29.63 

* Ann. de Chim. tax. 188. 
f Gehlen's Journal, fin die Chemie, Physik, &c. vii. 443. 
I Ann. de Chun. IX. 272. 	 § Gehlen's Journal, iii. 253. 
It Ann. de Chim. lxxviii. 144. 
" Berzelius Lirbok i Kemien ii. 311. 	if Ann. de Chitn. lxxxv. 68. 
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Book ". This agrees best with the deterinination of Richter, which" 
Division IL  ...mt., therefore appears to be nearest the truth. 	The weight of 

an atom of nickel is 3.375. 	• 
This oxide is tasteless, soluble in the acids, and form 

with them a grass-green solution. 	It is soluble also,,I6. 
ammonia, and the solution, according to Richter, is pale 
blue. 	 - 	- 

Peroxide. 2. The peroxide of nickel was first examined by Thnard, 
It may he formed by causing a current of chlorine gas to pia 
through water holding protoxide of nickel suspended in it; 
a portion is dissolved, and the rest acquires a black colour.. 
This oxide is soluble in ammonia as well as the last ; but the 
solution is accompanied with effervescence, owing to the 
decomposition of a part of the ammonia by the combination 
of its hydrogen with part of the oxygen of the oxide. 	A 
similar effervescence accompanies its solution in acids, occa-
sioned by the separation of a portion of its oxygen in the 
state of gas.* From the experiments of Rothoff, it appears 
that this oxide contains 1-- times as much oxygen as the 
protoxide. 	Hence it is a compound of 

Nickel 	 10t 
Oxygen 	44' 1.4.5 

To get rid of the anomaly of the ha;e atom we must con- 
sider it as a compound of 2 atoms of tile 	'aiiu -3 'aa,...i of 
oxygen. 	Hence its weight will be 9.75. 	From Thenard's 
experiments it does not appear to be capable of combining 
with acids without giving out its excess of oxygen, and being 
reduced .to the state of a protoxide. 

Chloride. 	. III. Nickel does not burn when introduced into chlorine 
gas. 	Its oxide is not altered though heated to redness in 
that gas.t 	But the chloride of nickel may be formed by 
leaving nickel in contact wild chlorine gas, or by sublim- 
ing dry muriate of nickel. 	It is an olive-coloured sub- 
stance, the properties of which have not been examined. 

IV. The iodide of nickel is still unknown. 
V. We are not acquainted with the compound of nicke. 

and fluorine. 	It does not appear to unite with azote - - 
hydrogen.  

Carburet. VI. According to Tuputi nickel always contains a por. 

* Thenard ; Ann. de aim. 1. 125. 	 -
t Davy; Phil. Trans. 1311, p. 25. 
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Lion of carbon when Prepared • by the process described at Chap. III. 
the commencement of this section. 	When dissolved in ""\e''''j  
_acids it leaves this carbon In the state of charcoal. . 

VII. We are not acquainted with any combination of 
:rifif.-.el with boron or silicon. 

VIII. Phosphuret of nickel may be formed either by Phosphu- 
1.)sin•  g nickel along with phosphoric glass, or by dropping rec. 

1,..hospliSrus into it while red-hot. 	It is of a white colour; 
and, when broke, it exhibits the appearance of very slender 
prisms collected together. 	When heated, the phosphorus 
burns, and the metal is oxidated. 	It is composed of 83 
parts of nickel and 17 of phosphorus.* 	The nickel, how- 
ever, on which this experiment was made, was not pure. 

According to Lampadius it is composed of 100 nickel 
+ 15 phosphorus, or 3 atoms nickel + 1 atom phosphorus. 
It is tin-white, according to him, and has the metallic 
lustre. 	It is moderately hard and very brittle. 	Its fracture 
is foliated, and it is not attracted by the magnet.t 
• IX. Cronstedt found that sulphuret of nickel may be 

easily formed by fusion. 	The sulphuret which he obtained 
was yellow and hard, With small sparkling facets; but the 
nickel which he empliyed was impure. 	• 

ulphuret, 

Lampadius descr;'ies it as yellowish-white, or similar in 
appc..alioci.: to•...,15per nickel. 	It is not attracted by the 
magnet. 	It was composed of 100 nickel + 10 sulphur.$ 
This would be a compound of 6 atoms nickel and 1 atom 
sulphur. 	But no doubt it was incomplete. 

X. Nickel combines readily with arsenic, and indeed is Alloy with 
seldom found without being more or • less contaminated by 
that metal. 	The compound has a shade of red, consider- 
able hardness, and a specific gravity considerably under the 
mean. 	It is not magnetic. 'Arsenic possesses the curious 
property of destroying the magnetic virtue of iron, and all 
other metals susceptible of that virtue. 

arsenic; 

XI. We are ignorant of the alloys which nickel is capa- With iron, 
61e of forming with tellurium, the metallic bases of the fixed 
'. :kalies, alkaline earths and earths proper. 	It combines 
'readily with iron ; but the properties of the alloy have not 
been examined. 	According to Lampadius an alloy of .5 

• Pelletier, Ann. de Chim. xiii. 135. 
t Annals of Philosophy, iv. 63. 	Ibid. 
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Book I. parts nickel and 2 parts iron is moderately hard, quite mai- 
Division 1I. ...—N,.--..,  leable, and has the colour of steel.* 

SECT. III. 

OF COBALT. 

History. I. A MINERAL called cobaltd- of a grey colour, and very 
heavy„ has been used in different parts of Europe, since the 
15th century, to tinge glass of a blue colour. 	But the 
nature of this mineral was altogether unknown till it was 
examined by Brandt in 1733. 	This celebrated Swedish 
chemist obtained from it a new metal, to which he gave the 
name of cobalt. t 	Lehmann published a very full account 
of every thing relating to this metal in 1761.§ 	Bergman 
confirmed and extended the discovery of Brandt in different 
dissertations published in the year 1780.H 	Scarcely any 

'I Annals of Philosophy, v. 62. 
$ The word cobalt seems to be derived L ma cobalus, which was the 

name of a spirit that,according to the superst 1ious notions of the times, 
haunted mines, destroyed the labours of the m.?ers, and often gave them 
a great deal of unnecessary trouble. 	The m. •ers probably gave this 
name to the mineral out of joke, because it thwaii:cu tnein as inlicti-ai 
the supposed spirit, by exciting false hopes, and rendering their labour 
often fruitless; for as it was not known at. first to what use the mineral 
could be applied, it was thrown aside as useless. 	It was once customary 
in Germany to introduce into the church-service a prayer that God would 
preserve miners and their works from kobalts and spirits. See Beckman's 
History of Inventions, ii. 362. 

Mathesius, in his tenth sermon, where he speaks of cadmic fossilis 
(probably cobalt ore), says, " Ye miners call it cobolt ; the Germans 
call the black devil and the old de•Lil's whores and hags, old and black 
kobel, which by their witchcraft do injury to people and to their cattle." 

Lehmann, Paw, Delaval, and several other philosophers, have suppo-
sed that smalt (oxide of cobalt melted with glass and pounded) was 
known to the ancients, and used to tinge the beautiful blue glass still vi-
bible in some of their works; but we learn from Gmelin, who analysed 
some of these pieces of glass, that they owe their blue colour, not to the 
presence of cobalt, but of iron. 

According to Lehmann, cobalt ore was first used tb tinge glass blue by 
Christopher Schurer, a glassmaker at Platten, about the year 1540. 

Acta Upsal. 1733 and 1742. 
• § Cadmialogia, oder Geschichte des Farben-Kobolds. 

k Opusc. ii. 444, 501, and iv. 371. 
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farther addition was made to our knowledge of this metal Chap. III. 
till 1798, when a paper on it was published by Mr. Tas- 
saert.* 	In the year 1800, 4 new set of experiments were 

"---\e—d  

'made upon it by the School of Mines at Paris, in order to 
irticure it perfectly pure, and to ascertain its properties 
when in that stated- 	In 1802, a new series of trials was 
,Dublished by Thenard, which throw considerable light on 

• its cw:nbinations with oxygen.$ 	And in 1806, Mr. Proust •:, 
published a set of experiments upon the same subject. § 
Considerable attention has been lately paid to the purifica-
tion of this metal ; but hitherto no one seems to have been 
fortunate enough to hit upon a method altogether free from 
objections. II 

1. Cobalt is of a grey colour with a shade of red, and rmyerticx. 
. by no means brilliant. 	Its texture varies according to the 
heat employed in fusing it. 	Sometimes it is composed of 

. plates, sometimes of grains, and sometimes of small fibres 
adhering to each other." 	Its has scarcely any taste or smell. 
' 2. It is rather soft. 	Its specific gravity, according to 
Tassaert, is 8•5384.- ft 	According to Latnpadins it is 8.7.n 

S. It is brittle, ano. easily reduced to powder; but if we 
believe Leonhardi, i. is somewhat malleable when red-hot. 
Its tenacity is unkry'.wn. 

f • Whz.. ".....:_'..-ist to the temperature of 130° Wedgewood, 
it melts; but no heat which we can produce is sufficient 
to cause it to evaporate. 	When cooled slowly in a crucible, 
if the vessel be inclined the moment the surface of the 
metal congeals, it may be obtained crystallized in irregular 
prisms.§§ 

. 

5. Like iron, it is attracted by the magnet; and, from 
the experiments of :Wenzel, it appears that it may be con-
verted into a magnet precisely 'similar in its properties to the 
common magnetic needle. . 

'N Ann. de Chim. xxviii. 101. 
t Fourcroy, Discours Preliminaire, p. 114. 

.. : Ann. de Chim. xlii. 210. 	 § Ann. de Chim. lx. 260- 
j  II See Richter, Gehlen's Jour. ii.53 ; Bucholz, Ibid. iii. 201; Philips, 

Phil. Mag. xvi. 31q. 	 ' 	L'Ecole des Mines. 
ft Ann. de Chim. xxviii. 99. 

, 	' : I As quoted by Berzelius ; Liirbok i Kemien, ii. 295. 	Bergman and 
the French chemists, and Hatchett, state the specific gravity as 71 ; but 
their specimens were obviously impure. 	§§ Fourcroy, v. 137. 
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Book T. IL When exposed to the air it undergoes no change;' 
Division IL neither is it altered when kept under water. 	Its affinity for 
Oxid es. oxygen is not sufficiently strong to occasion a decomposition . 

of the water. 	 , 
When kept red hot in an open vessel, it gradually imbihts 

oxygen, and is converted into a powder, at first blue, but 
which gradually becomes deeper and deeper, till at last i t 
becomes black, or rather of so deep a blue that it apseRars ft.: 
the eye black. 	If the heat be very violent, the cobalt takes 
fire and burns with a red flame. 

Cobalt combines with two proportions of oxygen and 
forms two oxides. 	The protoxide has a blue colour, but the 
peroxide is black. 	 • 

Protoxide. 1. The protoxide of cobalt may be obtained by dissolving 
cobalt in nitric acid, and precipitating the cobalt from the 
solution by means of potash. 	The precipitate has a blue 
colour, but when dried in the open air it gradually becomes 
black. 	This black powder is to be kept for half an hour in 
that degree of heat known to manufacturers of iron utensils 
by the name of cherry-red. 	This heat expels the oxygen 
which it had absorbed in drying, anoconverts it into a fine 
blue colour. 	This oxide dissolve's iniiacids without effer- 
vescence. 	The solution of it fir murlitic acid, if concen- 
trated, is green; but if diluted with wi.....p., h. -s red.., ;Its 
solution in sulphuric and nitric acids is always of a red 
colour.* 	This oxide has been analysed by Proust and 

. Rothoff. 	The following are the results which they ob-
tained : 

Proust I. 	 100 cobalt + 19.8 oxygen 
Rothoff $ 	 100 	+ 27.3 

From the experiments of Rothoff it appears that when 
the peroxide of cobalt is converted into the protoxide it gives 
out 9.7 of oxygen. 	Hence we see that the oxygen in the 
two oxides are as the numbers 2 to 3. 	This last analysis, 
which seems susceptible of considerable precision, would 
make the protoxide of cobalt a compound of 	• 	. 

Cobalt 	 100 
Oxygen 	27'36 

go Ann. de Chim. xlii. 213. 	 t 	26?. 
Annals of Philosophy, iii. 356. 

   
  



COBALT. 	 399 
' 	From this it would appear that the weight of an atom Chap. III. 
of cobalt is 3.625 ; 	on this supposition (which must be 
very near the truth) the protoxide of cobalt is composed of 

'"\e --1  

‘, 
Cobalt 	 3'625 	 100 
Oxygen 	.. .. 1 .  	27'58 

2. When the protoxide of cobalt, newly precipitated 
f om an acid, is dried by heating it in the open air, it as- 

Peroxide. 

-sianes a flea-brown colour, which gradually deepens till at 
last it becomes black. 	This is the peroxide of cobalt. 	It 
dissolves with effervescence in muriatic acid, and a great 
quantity of chlorine gas is exhaled. 	From the experiments 
of Rothoff, combined with the preceding determination of 
the composition of the protoxide, it follows, 4hat the perox-
ide is composed of 

Cobalt 	 100 
Oxygen  	36.77 

To reconcile this proportion with tile atomic theory, we 
must consider this oxide as a compound of 2 atoms cobalt 
and 3 atoms oxygen. '' On this supposition its weight will 
be 10.250. 	1 

 

III. Cobalt burns 'when gently heated in chlorine gas. Chloride, 
The compound fo:".ited is a' chloride which has not been 
examined. 

IV. The iodide of cobalt has not been examined. 	Nei- 
ther are we acquainted with its action on fluorine. 	It does 
not appear capable of combining with azote or hydrogen. 
We know no compound, which it forms with carbon, boron, 
or silicon. 

V. Phosphuret of cobalt may be formed by heating the phospha- 
metal red-hot, and then gradually dropping in small bits of 
phosphorus. 	It contains about 13-th of phosphorus. 	It is 
white and brittle; and when exposed to the air, soon loses 
its metallic lustre. 	The phosphorus is separated by heat, 
and the cobalt is at the same time oxidated. 	This phos- 
iphuret is much more fusible than pure cobalt.* 

ret• 

VI. Cobalt cannot be combined with sulphur by fusion. Sulphuret. 
But sulphuret olcobalt may be formed by melting the metal 

`along with sulphur previously combined with potash. 	It 

• Pelletier; Ann. de Chim. xiii. 134. 
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Book I. has a yellowish white colour, displays the rudiments of crys., 
Iliviskin  II. tals, and can scarcely be decomposed by heat. 

The sulphuret of cobalt, according to Proust, may be 
formed by heating together the oxide of cobalt and sulphur ; 
According to his experiments* it is composed of 	, 

Cobalt .. 	 100 
Sulphur  	39.86 

But he does not place much confidence in the accUracrui.  
his experiments. 	If the sulphuret of cobalt be a compound 
of 1 atom cobalt +1 atom sulphur, its constituents will be 

Cobalt . 	 3'625   100 
Sulphur 	.... 2.  	55.16 

VII. We :-e not acquainted with the alloys which cobalt 
forms with arsenic, tellurium, the metallic bases of the fixed 
alkalies, of the alkaline earths, and earths proper. 

Allgy with VIII. The alloy of iron and cobalt is very hard, and not • 
hon. easily broken. 	Cobalt generally contains some iron, from 

which it is with great difficulty separated. 

SECT. IV. 

OF MANGANESE. 

.Nistory. The dark grey or brown mineral called manganese, in 
Latin magnesia (according to Boyle from its resemblance to 
the magnet), has been long known and used in the manu- 
facture of glass. 	A mine of it was discovered in England 
by Boyle. 	A few experiments were made upon this mineral 
by Glauber in 1656,t and by Waiz in 1705 4 but chemists 
in general seem to have paid but very little attention to it. 
The greater number of mineralogists, though much puzzled 
what to make of it, agreed in placing it among iron ores: 
but Pott, who published the first chemical examination oi 
this mineral in 1740, having ascertained that it often co. 
contains scarcely any iron, Cronstedt, 	:n his System of 
Mineralogy, which appeared in 1758, assigned it a place c 

. Ann. de Chim. Ix. 272. 	 t Prosperitas Germani. 
Weigleh's Geschichte, i. 127. 
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its own, on the supposition that it consisted chiefly of a pe- Chap. III. 
culiar earth. 	Rinman examined it anew in 1765 ;# and in 
the year 1770 Kaim published at Vienna a set of experi-
knents, in order to prove that a peculiar metal might be ex.,  
tLted from it.t The same idea had struck Bergman about 
the same time, and induced him to request of Scheele, in 

\---v—i  

1771, to undertake an examination of manganese. 	Scheele's 
d.ssertat:on on it, which appeared in 1774, is a master-piece 
tit' analysis, and contains some of the most important dis- 
coveries of modern chemistry. 	Bergman himself published 
a dissertation on it the same year ; in which he demon-
strates, that the mineral, then called manganese, is a metallic 
oxide.t 	He accordingly made several attempts to reduce 
it, but without success; the whole mass either assuming the 
form of scori, or yielding only small separate globules at- 
tracted by the magnet. 	This difficulty of fusion ]ed him to 
suspect, that the metal he was in quest of bore a strong ana- 
logy to platinum. 	In the mean time, Dr. Gnhn, who was 
making experiments ctp the same mineral, actually sue- 
ceeded in reducing it b 	the following process : He lined a 
crucible with charcoal, powder moistened with water, put 
into it some of the minx, cal formed into a ball by means of oil, 
then filled up the cru;  ible with charcoal powder, luted ano-
ther crucible over 1.., and, exposed the whole for about an 
hour to a very intense heat. 	At the bottom of the cruci- 
ble was found a metallic button, or rather a number of 
small metallic globules, equal in weight to one-third of the 
Mineral employed.§ 	It is easy to see by what means this re- 
duction was accomplished. 	The charcoal attracted the 
oxygen from the oxide, and the metal remained behind. 
The metal obtained, which is called manganese, was far-
ther examined by Ilseman in L782, Flielm in 1785, and 
13indheim in 1789. 	An elaborate and extensive set of ex- 
periments on this metal and its combinations was published 
by Dr. John in 1807.11 

1. Manganese, when pure, is of a greyish-white colour, 
kft.cast iron, and has -a good deal of brilliancy. 	Its tex- 
tb re is granular.. It has neither taste nor smell. . It is 

6  Mem. Stockholm, 1765, p. 235. 	t De Metallisdubiis, p. 48. 

Properties. 

• : Opusc. ii. 201. 	 § Bergman, ii. 211. 
II Gehleu's Journal ir die Chemie and Physik, iii. 452. 

VOL. I. 	 2 D 
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Book I. softer than cast iron and may be filed. 	Its specific gravity 
Division II. 
!..—v.-00 is 8'013.*  

2. It is very brittle ; of course it can neither be ham- 
mered not drawn out into wire. 	Its tenacity is unknown. 
Its fracture is uneven and its texture fine granular. 

3. It requires, according to Morveau, the temperature of 
160° Wedgewood to melt it; it is therefore somewhat less 
fusible than iron.  

4. When pure it is not attracted by the magnet, even 
when in powder ; but a very small quantity of iron gives it 
the magnetic property. 

Oxides. II. Manganese, when exposed to the air, attracts oxygen 
with considerable rapidity. 	It soon loses its lustre, and be- 
comes grey, violet, brown, and at last black. These changes 
take place still more rapidly if the metal be heated in an 
open vessel. 	When thrown into water it dCcomposes that 
liquid with considerable rapidity. 	The hydrogen extri- 
cated has a smell of assafcetida, owing it is supposed to a 
small portion of the metal which it carries up with it. 

Three sets of experiments have seen made to determine 
the oxides which this metal forms.t 	Accordino. to John it 
forms three oxides,. the green, the\:brown, and the black. 
The green is obtained by dissolving Ole metal in acids arid 
precipitating it by an alkali, or by having it a sufficient 
time in water. 	The black or peroxide is found native in 
abundance. 	The brown is obtained by exposing the black 
for some time to a red heat. 	According to him these oxides 
are composed as follows : 

• Green 	 100 manganese + 15 oxygen. 
Brown 	.. 	 100 	 + 25 
Black .... .. 	100  	+ 40 

Berzelius, partly from his own experiments and partly 
from those of John, reckons five oxides. The fiat is grey and 
is obtained by keeping metallic manganese for some time in, 
a phial with a cork stopper. 	The second is green and is ob- 
tained by keeping manganese in water. 	The' third by d's- 
solving manganese in acids; the fourth by.  calcining ' ac 
nitrate of manganese; while the fifth or, peroxide exists in 
nature.t 	According to him these oxides are composed as 
follows : 

" John, Cehlen's Journal, iii. 460. 	t And de Chim. 
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1 	...  .  	 100 metal + 	7'0266 	 Chap. III. 
1"The"d  2 .. 	 100 	 + 10)533 

3 	 100 	 + 28.1070 
4 	.. .. .. 	100  	-I- 42'16 
5   100 	 + 56'213 

Sir H. Davy obtained two oxides of manganese,* the 
olive and the brown, which he found composed as follows: 

Olive   100 metal + 26'58 
Brown 	100 	 + 39'82 

• Dr. John acknowledges that his analyses of these oxides 
is by no means to be depended on. 	Berzelius' statements 
are rather theoretical than. experimental. 	He even doubts 
of the existence of his first oxide, the only one he examined; 
and he has advanced no proof that there exists any differ- 
ence between his second and third oxide. 	The existence.  
of the green oxide of John cannot be doubted. 	It consti- 
tutes the bases of the different salts Of manganese. 	The 
existence of the black oxide is equally certain, as it occurs 
native in such abundaw,.. 	When the black oxide is heated 
to redness a brown powder remains, which constitutes the 
intermediate oxide of i. ohn. 	But when we attempt to dis- 
solve this powder in :acids it is immediately separated into 
the green and the black oxides of manganese. 	Hence it 
would seem to be merely a mixture or combination of these 
two oxides. 	At present therefore we have evidence of the 
existence of only two oxides of manganese ; the protoxide 
Which combines with acids and forms the common salts of' 
manganese, and the peroxide which exists native. 

1. To determine the composition of the protoxide the best Protoxide. 
Way seems to be to have recourse to the salts into which it 
enters. 	According to Dr. John, sulphate of manganese is 
composed oli 

Sulphuric acid .... 	100 
Protoxide 	92'06 	.. . . 4'6 

!,,,r,,bonate of manganese according to the same chemist is 
rnposed of 

Carbonic acid .... 	100 	.... 2'75 
Protoxide   163'46 	.. .. 4.495 

* Elements of Chemical Philosophy/ P. 367,  
2 D 2 
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Book I. By the first of these salts we see that the equivalent numb• 
Division II. for protoxide of manganese is 4.6 ; by the second it! is 

1'495. 	We may therefore take 4.5 as. the true equivalent 
without falling into any great error. 	Hence it is evident 
that protoxide of manganese is composed of 

Manganese .... 3'5   100 
Oxygen 	 1  	28.75 

This very nearly coincides with 	Berzeline third' oxide 
And in reality his third oxide is the protoxide of manganese. 

The protoxide of manganese is an olive green powdey, 
which when exposed to the air speedily attracts oxygen and 
becomes black. 	When combined with carbonic acid it.con- 
stitutes a white powder. 

Peroxide. 2. The peroxide of manganese is found native in abun- 
• dance particularly in Devonshire near Exeter. 	When pure 
it has a radiated texture and a dark steel-grey Colour, with 
considerable lustre ,and beauty. 	It is brittle and very soft, 
soiling the fingers. 	Its specific gravity is about 4'7563. 
When heated to redness it gives e.,it rather more than the 
tenth part of its weight of oxygen p s, and is converted into a 
brown powder destitute of metallic lustre. 	This oxide has 
never been accurately analysed. 	13e-,:zelius states its com- 
position from theoretical considerations to be 

Manganese 	 100 
Oxygen 	.56113 

If we suppose the quantity of oxygen which it contains to 
. be exactly double the oxygen in the protoxide, which from 

the facts respecting it already known there is every reason 
to consider as its composition, then it must be a compound of 

Manganee 	 100 
Oxygen  	57.5 

And the weight of an atom of it will be 5.5. 
Chloride. III• As far as is known at present manganese combines 

with chlorine in only one proportion. 	The chloride i3f 
manganese was first described by Dr. John Davy. 	He c 'p- 
tained it by dissolving the black oxide of manganese in rr t.-
riatic acid, evaporating the solution to dryness and exposi.•g • 
the white salt that remains to a red heat in a glass tube wit► 
a very narrow orifice. 	It is a substance Of a pure delicato 

6 	• 
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*IA pink colour and of a lamellar texture, consisting of Chap.lit. 
brNd thin plates. 	It melts at a red heat without alteration 
in close vessels; but in the open air it is decomposed, mu-
riatic acid being given out and oxide of manganese re- 
raaining. 	When lett in an open vessel it deliquesces and is 
converted into muriate of manganese. 	According to Dr. 

\---1  

John Davy's experiments it is composed of 

Chlorine .. .. 	54. 	.... 	100 	:. 
• 
.. 	4:*5 

Manganese .. 46 	. . . . 	. 85'18 	. . . . 3'83 
This does not correspond exactly with the weight of an 

atom of manganese as determined from Dr. John's analyses 
of the sulphate and carbonate of manganese. 	I should not 
be surprised if the real weight of an atom of manganese were 
315. 	But this must be left for the decision of future expe- 
riments. 

IV. No experiments have been hitherto made on the 
combinations of manganese and iodine.'" 

V. We are ignorant tiif the action of fluorine on manga- 
nese. 	It does not comb; le with azote nor hydrogen. 

VI. It appears capable, of combining with carbon. 	This 
compound is formed o xasionally in iron founderies. 	And 
in this country it is kr.own by the name of Keesh. It occurs 
occasionally in small cavities in the mass of cast iron, and 
seems to be the result of crystallizing during the cooling of 
the mass. 	It is composed of thin scales having the lustre 
and appearance of steel ; but very brittle. 	It was consi- 
dered as plumbago ; but Dr. Wollaston examined it and 
found that acids have the property of separating from it a 
little iron. 	The residuum he found a compound of carbon 
and manganese. 	It is therefore a carburet of that metal. 

Carburet, 

VII. We do not know any ' compound of manganese 
With boron or silicon. 

VIII. Phosphorus may be combined with manganese by Phovhu- 
Inching together equal parts of the metal and of phosphoric 
glass; or by dropping phosphorus upon red hot manganese. 
r.,r. phosphuret of manganese is of a white colour, brittle, 

re'. 

4) inulated, disposed to crystallize, not altered by exposure 
to  the air, and more fusible than manganese. 	When heated 
tI.e phosphorus burns, and the metal is oxidized.* 

* Pelletier, Ann. de Chim. xiii. 137. 
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lkok I. IX. Bergman did 'not succeed in his attempt to combi 
Division it. ..._,,,.___.. manganese with sulphur; but he formed a sulphureted oxide 
Sulphuret. of manganese, by combining eight parts of the black oxide 

with three parts of sulphur. 	It is of a green colour, and 
gives out sulphureted hydrogen gas when acted on by acids.* 
t cannot be doubted, however, that sulphur is capable of 

combining with manganese ; for Proust has found native 
sulphuret of manganese in that ore of telluriuniwhich is 
known by the name of gold ore of Nagyag.t 

Vauquelin likewise succeeded in combining sulphur with 
manganese, by heating them together. 	According to big.. 
experiments, the sulphuret of manganese is composed of 

Manganese 	 74'5 	 100 
Sulphur   25.5 	.. .... 	34'22 

100'0 t 

From this analysis it is reasonable to conclude, that 
sulphuret of manganese is composed of 2. atoms manganese 
and 1 atom sulphur. 	On this su6osition its constituents 
are 

Manganese 	 7 	 100 
Sulphur   2  	28'57 

X. We are not acquainted witlithe alloys which manganese 
is capable of forming with arsenic, tellurium, the metallic 
bases of the fixed alkalies, alkaline earths, and earths proper. 

Alloy with XI. It combines readily with iron; indeed it has scarcely 
iron. ever been found quite free from some mixture of that metal. 

. Manganese gives iron a white colour, and renders it brittle. 
From Berzelius' experiments we learn, that manganese 

enters as a constituent into cast iron. 	• 
.XII. We do not know the alloys of manganese with 

nickel and cobalt. 

SECT. V. 

OF CERIUM. 
• i 

History. IN the year 1750 there was discovered, in the copper m i 51.e 
of BastnLs at Ridderhytta, in Westmannland in Sweden,'',1 

* Bergman, ii. 221. 	 f Jour de Phys. lvi. 1. 
Ann. des Mus. d'Ilist. Nat. 159. 
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bnneral which, from its great weight, was for some time Chap.,11I. 
cofounded .with tungsten. 	This mineral is opaque, of a 	"—Y—d  
flesh colour, 	with various shades of intensity, and very 
rarely yellow. 	Its streak is greyish white, 	and when 
pounded it becomes reddish grey. 	It is compact, with a 
fine splintery fracture, and fragments of no determinate 
forth ; moderately hard; its specific gravity, according to 
Cron4edt, 4'988,* according to Klaproth 1.660,-1- accord- 
ing to Messrs. Hisinger and Berzelius, 	from 4'489 to 
4'619.$ This mineral was first examined by M. D'Elhuyar: 
the result of. whose analysis was published by Bergman'in 
1784.§ 	It ascertained that the mineral in question con= 
tamed no tungsten. 

No farther attention was paid to this mineral till Kla-
proth published an analysis of it in 1804, under the name 
of Ochroits, II and announced that it contained a new earth, 
to which he gave the name of ochroita. 	He sent a spe- 
cimen of this new product to Vauquelin, who made a few 
experiments on it, but ]hesitated whether to consider ochroita 
as an earth or a metal is oxide." 	Meanwhile the mineral 
had undergone a still more complete examination in Swe-
den by Hisinger and Berzelius, who gave it the name of 
cent; detected in it a peculiar substance, which they_consi-
dered as a metallic oxide, and to which they gave the name 
of cerium, from the planet Ceres, lately discovered by Piazzi.tt 
But the attempts of these chemists to reduce the supposed 
oxide to the metallic state were unsuccessful. 	Nor were the 
subsequent trials of Gahn, to reduce it by violent heat 
along with charcoal, or to alloy it with other metals, attend-. 
ed with greater success.tt 	Vauquelin re-examined it more 
lately ; but his attempts have been only partially successful. §§ 
They demonstrate, however, Oat the substance in question 
is a metal; though from its refractory nature, and its vola-
tility, only minute globules of it were obtained. 

In 1814 a new set of experiments on it were published by 
Laugier. ii  11 	He appears to have reduced it to the metallic 
orte, but, instead of the pure metal, obtained only a carburet. 

* Gehlen's Jour. ii. 305. 	t Ibid. 	/ Ibid. ii. 398, 
§ Opusc. vi. 108. 	 ii Gehlen's Jour. ii. 203. 
** Ann. de Chim. 1. 140. 	ft Gehlen's Jour. ii. 297. 
It Gehlen's Jour. iii. 217. 	SS Ann. de Chim. iv, 28, 
II II  Ann. de Chim. lxxxix. 317. 
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Book I. Hisinger had previously endeavoured to determine the 
Divisi" IT' ......_„.....J composition of its oxides.* 	 ,; 
How ob- To obtain 	the metal, 	the combination 	of oxide of 
taincd. cerium with tartaric acid was mixed with some lamp-black 

and oil, and exposed to the violent heat of a forge in a 
crucible lined with charcoal, and inclosed in another filled 
with sand. 	Only a small metallic button was obtained, not 
exceeding the fiftieth part of the oxide of cerium exposed 
to heat. 	It was white, brittle, dissolved with great difficulty 
in nitro-muriatic acid, and proved a mixture of iron and 
cerium. 	Another attempt to obtain the metal by heating 
its tartrate in a porcelain retort was not more successful. 
Most of it was dissipated, small globules only remaining, 
which proved as before a mixture of cerium and iron.t 

Laugier has shown that oxalic acid precipitates the 
whole of the oxide of cerium, and thus separates it from 
iron. 	He employed the oxide from the oxalate and 
exposed it to a strong; heat made up into a paste with oil. 
He affirms that it is not volatile. 	B-it an experiment made 
in Mr. Children's laboratory demInstrates the contrary. 
Oxalate of cerium, which I had prepared, was exposed to 
the heat of a furnace, urged by bellows in a crucible of 
charcoal : it was completely volatilized.$ 

I. To procure oxide of cerium in a state of purity, the 
Swedish chemists employed the following method : 	The 
mineral was reduced to a fine powder, and digested in nitric 
acid till every thing soluble was taken up. 	The solution 
being decanted off is evaporated to dryness, and the residue 

• dissolved in water. 	Into this solution ammonia is poured, 
till every thing precipitable by means of it is thrown down. 
This precipitate being well washed is redissolved in nitric 
acid ; the acid is neutralized ; and then tartrate of potash § 
is added to the solution. The precipitate which is separated 
being heated to redness, and well washed with vinegar, and 
dried, is pure oxide of cerium.II 

1. When first procured it has a white colour, but when 
heated to redness it becomes reddish brown. 	' 

Reduction. 2. When made into a paste with oil, and heated in . 
e 

• Memoirs of the Stockholm Academy for 1813, and Annals of PhN. 
losophy, iv. 355. 	 j- Ann, de Chim. liv. 59. 

I Annals of Philosophy, ii. 147. 
§ A salt to be described hereafter. 	H gehlen's Jour. ii. 401. 
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c\arcoal crucible, it loses weight. 	When urged by a strong Chap. Ill. 
fir 	on charcoal, it does not melt, but continues in powder. `'V—i  
It exhibited, however, brilliant particles, and dissolved in 
inuriatic acid, disengaging at first sulphureted hydrogen, 
and afterwards pure hydrogen gas.* 

II. According to the experiments of Vauquelin and Oxides. 
Hisiliger, this metal combines with 2 portions of oxygen. 
The yroloxide is white, 	the peroxide reddish brown. 
Hisinger endeavoured to 	determine 	the proportion of 
oxygen which these oxides contain by a careful analysis of 
some of the.  salts which they form. 	The peroxide contains- 
4 times as much oxygen as the protoxide. The protoxide, 
according to him, is composed of 

Cerium 	 100 
Oxygen  	17'11 

The peroxide of 
Cerium 	 100 
Oxygoi:  	26•115 

From Hisinger's experiments it appears, that the equiva-
lent number for protoxide of cerium is 615, and that it is a 
compound. of 1 atom cerium -I- 1 atom oxygen. 	On this 
supposition it is composed of 

Cerium 	 5'75 	 100 
Oxygen 	 1  	17'39 

We must suppose peroxide of cerium a compound of 2 
atoms cerium + 3 atoms oxygen. 	According to this sup- 
position the weight of an atom of it will be 14-5. 

HI. We are not acquainted with any combination of 
cerium with chlorine, fluorine,, azote, or hydrogen. 

IV. From the experiments of Law
b  
ricr, it appears capable 

of combining with carbon. 	He obtained the carburet by 
heating protoxide of cerium, made into a paste with oil, 
surrounded with charcoal in a retort. 	The carburet was a 
black matter which took fire spontaneously when exposed to 

carburet. 

. he air. 
V. When a stick of phosphorus was put into a solution Phosphu.. 

if cerium in muriatic acid, and kept for some days on a ret. 

• Hissinger and Berzelius, Gehlen's Jour. ii. 401. 
f Ann. de CFi;n. Isaxix. 317. 
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Book I. stove, the bottom and' sides of the vessel were covered with 
Divisi on II. ,....-„se.....,  

a white precipitate, and the phosphorus was covered wivli a 
hard brown crust, which was tenacious, and shone in the 
dark. 	When heated it took fire, and left a small quantity 
of oxide of cerium. 	But this .experiment did not succeed 
when repeated.* 

Sulphuret. . VI. Hydro-sulphuret of ammonia throws down cerium 
at first of a brown colour, but it becomes deep gren,, as we 
continue to add the re-agent. 	The precipitate when dried 
becomes. bright green. 	When heated it burns, and leaves 
the yellow oxide of cerium; but the colour of the precipi-
tate varies according to the state of the cerium held in solu-
tion.± 

VII. The attempt made by Gahn to unite cerium .with 
lead did not succeed, and hitherto no other combination of 
it with metals has been tried, if we except the alloy of cerium 
and iron obtained by Vauquelin. 

.., 
, 

SECT. VI. j  

OF URANIUM. 

History. I. THERE is a mineral found in the George Wagsfort 
mine at Johan-Georganstadt, in Saxony, partly in a pure 
or unmixed state, and partly stratified with other kinds of 
stones and earths. 	The first variety is of a blackish colour, 
inclining to a dark iron grey, of a moderate splendor, a 

.close texture, and when broken presents a somewhat even, 
and (in the smallest particles) a conchoidal surface. 	It is 
quite opaque, tolerably hard, and on being pounded yields a 
black powder. 	Its specific gravity is about 7.500. 	The 
second sort is distinguished by a finer black colour, with 
here and there a reddish cast : by a stronger lustre, not 
unlike that of pitcoal ; by an inferior hardness; and by a 
shade of green, which tinges its black colour when it is 
reduced to powder.t 

• Hissinger and Berzelius, Ann. de Chim. liv. 46. 
-t• Ilissinger and 	Berzelius, 	Ibid. 	With Vauquelin the result wal k„ 

different. 	The precipitate which he obtained was white, and contained 
no sulphureted hydrogen. 

I Klaproth, Crell's Jour. Engl. Transl. i. 126. 
1 
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This fossil was called pechblende ; 	and mineralogists, Chap. In. 
InNed by the name,* had taken it for an ore of zinc, till `---..e—)  
Werner, conyinced from its texture, hardness, and specific 
gravity, that it was not a blende, placed it among the ores of 
iron. 	Afterwards he suspected that it contained tungsten; 
and this conjecture was seemingly confirmed by the experi-
ments of some German mineralogists, published in the 
Miners' *Jcurnal. 	But 	Klaproth 	examined this ore in 
17S9, and found that it consists chiefly of sulphur, combined 
with a peculiar metal, to which lie gave the name of ura-
niumt 

Uranium was afterwards examined by Richter, and more 
lately an elaborate set of experiments has been published on 
it by Bucholz.f 	 . 

To obtain uranium from its ore, the mineral is to be How ob- 
treated with nitric acid, which dissolves the metallic por- 
tion, and leaves the greater part of the foreign bodies. 	The 
solution usually contains iron, copper; and lime as well as 
uranium. 	By evaporying it to dryness, and exposing the 
dry mass to a moderat ly strong heat, the iron is rendered 
insoluble, while the other ingredients are taken up by distilled 
water. 	Ammonia poured into this solution, and digested 
in it for some time, retains the copper, but throws down the 
uranium. 	The precipitate is to 	be well 	washed 	with 
ammonia till the liquid comes off colourless ; it is then to be 
dissolved in nitric acid, concentrated by evaporation, and 
set by to crystallize. 	The green coloured crystals that form 
are to be picked out, dried on blotting paper, dissolved in 
water, and the liquid again crystallized. 	By this means the 
whole of the lime, should any be present, is gradually left 
behind, and the crystals consist at last of pure oxide of ura- 
nium, united to nitric acid. 	'They are to be exposed to a 
red heat; a yellow powder remains, which is oxide of ura- 
nium. 	This powder is to be mixed with a small quantity of 
charcoal powder, and exposed to a violent heat. 	By this 
method it is reduced to the metallic state.§ 

* .Blende is the came given to ores of zinc. 
f From Uranus (...,,..,), the name given by Mr. Bode to the new 

planet discovered by Herschel ; which name the German astronomers 
have adopted. 	Mr. Klaproth called the metal at first uranite ; but he 
afterwards changed that name for uranium. 	1 Gehlen's Jour. iv. 17. 

§ See Klaproth's Beitrage, ii. 476, Eng. Trans. and Bucholz, Gehlen's 

tamed. 

Jour. iv. 19. 
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Book I. 1. Hitherto uranium has not been obtained in masses 4 
Division IL any considerable size; the heat requisite to melt it being 

much greater than can be raised in furnaces. 	It follows, '--v—i  
Properties. from the trials of Bucholz, that no flux is of any service in 

facilitating the fusion of this metal; that its refractoriness 
does not, as Richter suspected, proceed from the presence 
of iron ; that charcoal powder, when mixed in a large pro-
portion, obstructs the success; and that we accomplish our 
purpose best when the oxide is mixed with a portion of 
charcoal not exceeding 7A,th of the weight. 	This mixture 
is to be inclosed in a charcoal crucible, to exclude the air, 
and exposed to the strongest heat that can be raised. 	Klap- 
roth, in a heat of 170° Wedgewood, obtained a porous 
metallic mass, firmly cohering; and Bucholz procured it 
nearly in the same state. 

2. Its colour, when thus obtained, is iron-grey; it has 
considerable lustre, and is soft enough to yield to the file. 
Its malleability and ductility are of course unknown. 	Its 
specific gravity, in Klaproth's trials, was only 8'100. 	But 
Bucholz obtained it as high as 9'000. 

II. From the experiments of Bucholz, together with 
those of Schoiibert* we learn, that uranium combines with 
2 doses of oxygen. 	The protoxide is greyish-black; but the 
peroxide is yellow. 	 . 

Protoxide. 1. When uranium is heated to redness in an open vessel, 
it undergoes a species of combustion, glowing like a live 
coal, and is soon converted into a greyish black powder, 
which undergoes no farther change, though the heat be 
-continued. 	This powder is the protoxide of uranium. 
According to the experiments of Bucholz, this oxide is 
composed of 

Uranium 	. 	100 
Oxygen  	5'17 t 

But Scholibert, from the muriatc of uranium, has calcu-
lated the composition of the protoxide as follows : 

Uranium 	 100 
Oxygen  	6.373 $ 

As the experiments of Schoiibert were made with care, 

* Berzelius' Attempt to establish a pure scientific system of Minera- 
logy, p. 118. 	 f Gehlen's Journal, iv. 35. 

1 Berzelius' Attempt to establish a pure scientific system of Minera• 
logy, p. 118. 
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t)nd his method is susceptible.  f greater precision than that Chap. III. 
oBucholz, we shall take his estimate as the most correct. —̀v----1  
If the protoxide be a compound.of 1 atom metal ± 1 atom 
oxygen, then the weight of an atom of uranium will be 
15.691. 	We shall consider 15•625 as the correct number. 
We have in that case protoxide of uranium composed of 

Uranium 15'625   100 
Oxygen 	1 	 6•4 

2. When uranium or its protoxide is dissolved in nitric 
acid, and the solution is treated with an alkali, the metal is 
precipitated in the state of a peroxide. 	The same peroxide 
is procured by precipitating uranium from sulphuric .or 
muriatic acids, and exposing it while moist to the air. 	The 
peroxide thus obtained, when well washed and dried, is 
yellow, tasteless, and insoluble in water. 7 When treated 
with muriatic acid, it dissolves with effervescence, chlorine 
acid gas being disengaged. 	Accorditig to the experiments 
of Schoiibert it follows, that this oxide contains LI times as 
much oxygen as the protoxide. 	It is composed therefore of 

Peroxide. 

Uranium 	 100 
Oxygen 	.. .....  	9.6 

If we consider it as a compound of 2 atoms uranium and 
3 atoms oxygen, an atom of it will weigh 34.25. 

III. We are Unacquainted with the compounds which 
uranium makes with chlorine, iodine, and fluorine. 	It does 
not appear capable of uniting with azote nor hydrogen. We 
are acquainted with no compounds which it forms with car-
bon, boron, silicon, and phosphorus. . 

IV. Klaproth mixed the peroxide of uranium with twice 
its weight of sulphur, and heated it in a retort till most of 
the sulphur was driven off. 	The residuum was a blackish 
brown compact mass. 	By increasing the heat, the whole of 
the sulphur was driven off; and the uranium remained in the 
metallic state in the form of a black heavy coarse powder.* 

Suiphuret. 

Bucholz's experiments;though made in a different way, led 
nearly to the same result. 	lie boiled a mixture of sulphur 
and oxide of uranium in an alkaline solution to dryness, 
heated the residue to redness, and then treated it with dis- 

* Beitrage, ii. 213. 
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Book I. tilled water. 	A blackish brown powder remained behind, 
Division n• ....._v_......i and small needles of a red colour appeared in the soluticjn. 

In one trial, the compound which he obtained gave out 
some sulphureted hydrogen when dissolved in muriatic acid. 
This is a proof that it was not a sulphureted oxide, but a 
sulphuret of uranium.* 

V. Nothing is known respecting the combinations of 
uranium with the other metals; 	Bucholz 	having been 
hitherto prevented from 'making any experiments on that, 
part of the subject, by the want of a sufficient quantity of 
uranium. 

FAMILY IV. 

The substances belonging to this family are the follow- 
ing seven : 	• 

1. Zinc 	 5. Bismuth 
2. Lead 	 6. Mercury 
3. Tin 	'' 	 7. Silver. 
4. Copper 

They are all metals, and have been long known, and are 
in common use for the purposes to which metals are applied. 
They are precipitated from their solutions in acids in the 
metallic state in the order according to which they are 
placed in the preceding table. 	Zinc precipitates all the 
others, but is not itself precipitated by any of them. 	Lead 
precipitate's all except zinc. 	Tin all except zinc and lead. 
Copper precipitates only bismuth, mercury, and silver; and 

. mercury precipitates only silver. 	Silver is precipitated by 
all the rest, but does not itself precipitate any of the others.. 

SECT. I. 

OF ZINC. 

History. 1. The ancients were acquainted with a mineral to which 
they gave the name of Cadmia, from Caimus, who first 
taught the Greeks to use it. 	They knew that when.melted 
with copper it formed brass ; and that when burnt, a white 

Gehleu's Jour. iv. 4T, 
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-.Vongy kind of ashes was volatilized, which they used in Chap. III. 
raellicine.* 	This mineral contained a good deal of zinc; 'v--"I  
and yet there is no proof remaining that the ancients were 
acquainted with that metal.- 	It is first mentioned in the 
Writings of Albertus Magnus, who died in 1280; but whe-
ther he had seen it is not clear, as he gives it the name of 
9naitasite of gold, which implies, one would think, that it 
had a ytillow colour.$ 	The word.  zinc occurs first in the 
writings of Paracelsus, who died in 1511. 	He informs us 
very gravely, that it is a metal, and not a metal, 'and that it 
consists chiefly of the ashes of copper.§ 	This metal has 
also been called spelter. 

Zinc has never been found in Europe in a state of purity, 

* Pliny, lib. xxxiv. cap. 2 and 10. 
t Griguon indeed Says, that something like it was discovered in the 

ruins of an ancient Roman city in Champagne; but the substance which 
he to.Ok for it was 'not examined with any accuracy. 	It is impossible 
therefore to draw. any inference whatever froth his assertion. 	Bulletin 
de Fouilles d'une Ville Romaine, p. 11. 

I The passages in which he mentions it are as fellows : They prove, I 
think, incontestibly, that it was not the metal, but the ores of the m?.tai, 
with which Albertus was acquainted. 	De Mineral. lib. ii 	cap. 11, 
" Marchasita, sive marchasida ut quidam dicunt, est lapis in substantia, 
et habet multas species, quare colorem accipit cujuslibet metalli, et sic 
dicitur marchasita argentea et aurea, a sic dicitur aliis. Metallutn tamen 
quod colorat cum non distillat ab ipso, sed evaporat in ignem, et sic 
pelinquitur cinis inutilis, et hic lapis lotus est apud alchyrnicos, et in 
multis locis veniuntur." 
. 	Lib. iii. cap. 	10. " /Es autem invenitur in venis lapidis, et quod est 
apud locum qui dicitur Goselaria cst purissiminn et optimum, et toti sub- 
stantia' lapidis incorporatuni, ita .quod touts lapis est sicut marchasita • 
aurea, et profundaturn est melius ex eo quod purius." 

Lib. v. cap. 5. 	" Dicimus igitur quod marchasita duplicern habet in 
sui creations substantiatn, argenti vivi silicet mortificati, et ad fixionem 
approximantis, et sulphuris adurentis. 	Ipsam habere sulphureitatem 
comperimus manifesta experientia. 	Nam cum sublimatur, ex i lla emanat 
substantia sulphurea mairileste comburens. 	Et sine sublimatione simili- 
ter perpenditur illius sulphureita. 

" Nam si ponatur ad ignitionem, non suscipit illam priusquam inflam- 
tnatione sulphuris inflammetur, et ardcat. 	Ipsam vero argenti vivi sub- 
stantiam manifestatur habere sensihiliter. 	Nam albedinem prrestat Ve- 
lieri ,nevi argenti, vemadmodum et ipsuin ar7enturn vivaria, et colorem 
in ipsius sublimatione cielestitun.prwstare, et luciditatem rnanifestain me-
tallicam habere videnius, gum certuai reddunt artificem Alchinnie, illatn 
has substantias continerePin race sun." 

§ See vol. vi. of his Works in quarto.. 
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Book I. and it was long before a method was discovered of extract. 
Division it. ing it from its ore.* Henkel pointed out one in 1721; Von 

Swab obtained it by distillation in 1742 ; and Margraff pub• 
lished a process in the Berlin Memoirs in 1746.t 	At pre- 
sent there are three works in this country in whiCh zinc is 
extracted from its ore; two in the neighbourhood of Bristol, 
and one at Swansey. 	The ore (sulphuret of zinc) is rousted 
and reduced to powder, mixed with charcoal, ante exposed 
to a strong heat in large closed clay pots. 	The zinc is re- 
duced, and gradually drops down through an iron tube is-
suing from the bottom of the pot, and falls into a vessel of 
water. 	The zinc is afterwards melted and cast into ingots. 
A considerable quantity of zinc is yearly exported from Bri-
tain, chiefly to the north of Europe.$ 

Properties. - 1. Zinc is of a brilliant white colour, with a shade of blue, 
and is composed of a number of thin plates adhering to- 
gether. 	When this metal is rubbed for same time between 
the fingers, they acc;uire a peculiar taste, and emit a very 
perceptible smell. 

2. It is rather soft; when rubbed upon the fingers it tinges 
them of a black colour. 	The specific gravity of melted zinc 
varies from 6'861 to 7.1 ;§ the lightest being esteemed the 
purest. 	When hammered it becomes as high as 7.1908.11 

3. This metal forms as it were the limit between the brittle 
and the malleable metals. 	Its malleability is by no means 
to be compared with that of copper, lead, or tin ; yet it is not 
brittle, like antimony or arsenic. When struck with a hammer, 
it does not break, but yields, and becomes somewhat flatter; 

• and by a cautious and equal p4essure, it may be reduced to 
pretty thid plates, which are supple and elastic, but cannot 
be folded without breaking. 	This property of zinc was first 
ascertained by Mr. Sage. 	When heated somewhat above 

t 
* The real discoverer of this method appears to have been Dr. Isaac 

Lawson. 	See I'ott, iii. diss. 7, and Watson's Chemical Essays. 
t Bergman, ii. 309. 	 • 
I See an account of the manufacture of this metal in Watson's Chem. 

Essays, is'. 1. 
§ Brisson and Dr. Lewis. 	A specimen of Costar zinc was found by 

Dr. Watson of the specific gravity 6.953 ; Bristol zinc 7.028. 	Chemical 
Essays, iv. 41. 	A specimen of zinc tried by Mr. Ilatchett was 7.065. 
On the Alloys of Gold, p. 67. 	 li Brisson. 

•" Jour. de Min. An. v. 695. 
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2),,r, it becomes very malleable. 	It may be beat at plea- Chap. III. 
suit,  without breaking, and hammered out into thin plates. —̀v""'" 
When carefully annealed, it may (it is said) be passed 
through rollers. It may be very readily turned on the lathe. 
When heated to about 400°, it becomes so brittle that it 
May be reduced to powder in a mortar. 

4:'.b It poessesseS a certain degree of ductility, and may with 
care be urawn out into wire.* 	Its tenacity, from the ex- 
periments of Muschenbroeck, is such, that a wire whose 
diameter is equal to -Arth of an inch is capable of supporting 
a weight of about 26 11)&1' 

5. When heated to ,the temperature of about 680°4 it 
melts; and if the heat be increased, it evaporates, and may 
be easily distilled over in close vessels. 	When allowed to 
cool slowly, it crystallizes in small bundles of quadrangular 
prisms, disposed in all directions. 	If they are exposed to 
the air while hot, they assume a blue changeable colour. § 

II. When exposed to the air, its lustre is soon tarnished, 
but it scarcely undergoes any other change. 	When kept 

Combini. 

o
tir_Iith 

tinder water, its surface soon becomes black, the water is 
slowly decomposed, hydrogen gas is emitted, and the oxy- 
gen combines with the metal. 	If the heat be increased, the 
decomposition goes on more rapidly ; and if the steam of 

Yg  

Water is made to pass over zinc at a very high temperature, 
it is decomposed with great rapidity. II 

When zinc is kept melted in an open vessel, its surface is 
soon covered with a grey coloured pellicle, in consequence 
Of its combination with oxygen. 	When this pellicle is re- 
moved, another soon succeeds it ; and in this manner may 
the whole of the zinc be oxidized. 	When these pellicles 
are heated and agitated in an open vessel, they soon assume 
the form of a grey powder, often having a shade of yel- 
low. 	This powder has been called the grey oxide y. zinc. 
When zinc is raised to a strong red heat in an open vessel, 
it takes fire, and burns with a brilliant white flame, and at 
the same time emits a vast quantity of very light white flakes. 

* Black's Lectures, ii. 583. 
'f He found a rod of an inch diameter to support 2600 lbs. 	Now if 

the  cohesion increase as the square of the diameter, the strength of a 
wire of 1-10th inch will not differ much from that assigned in the text. 

/ Black's Lectures, ii. 583. 	 § Mungez. 
ll Lavoisier, Meru. Par. 1781, p. 274. 
VOL. I. 	 2 E 
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Book I. These are merely an oxide of zinc. 	This oxide was 1011 
i Divsion II. known to the ancients. 	Dioscorides describes the met,aod 

of preparing it. 	The ancients called it pompho/yx : the 
early chemists gave it the name of nihil album, lana philoso- 
phica, and flowers of zinc. 	Dioscorides compares it to. 
wool.* 

Zinc combines with only one proportion of oxygen. .-The 
oxide of zinc is a sasteless, white powder, rather'. light and 
insoluble in water. 	It is used as a paint and answers very 
well as a water colour. 	It combines readily with acids and 
forms neutral salts. 	Many careful 'experiments have been 
made to determine the composition of this oxide. 	The 
following table exhibits the results obtained by the different 
experimenters: 	 . 

Proustt 	 100 metal -I- 25 
BerzeliusT 	 100 	 ± 24.4 

• Gay-Lussac§.. 100 	 + 24.4 
Thornson11... 100  	+ 24.16 

We perceive a great coincidence in all these experiments. 
If the oxide of zinc be a compound of 1 atom metal + 1 
atom oxygen, then according to Proust's determination an 
atom of zinc will weigh 4. 	According to the determination 
of Berzelius and Gay-Lussac its weight will be 4098. 	Ac- 
cording to mine it will be 4'139. 	We may take 4'125 as 
sufficiently near the truth. 

The reduction of the oxides of zinc is an operation of 
difficulty, in consequence of the strong affinity which exists 

• between zinc and oxygen, and the consequent tendency of 
the zinc after reduction to unite with oxygen. 	It must be 
mixed with charcoal, and exposed to a strong heat in vessels 
which screen it from the cortact of the external air. 

Chloride. III. Zinc combines readily with chlorine and forms a 
chloride of zinc. 	This metal takes fire in chlorine gas and 
the chloride is formed. 	It may be obtained by dissolving 
zinc in muriatic acid, evaporating the solution to dryness, 
and exposing it to a red heat in a glass tube with a narrow 

4' Eplov 1-67turext a,pv.cotorrei:, V. 85, p. 352, 
1 Ann. de Chim. xxxv. 51. 	t Ann. de Chim. lxxvii. 84. 
§ Ann. de Chim. lxxx. 170. 
II Annals of Philosoph, ii. 410. 
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cabice. 	When obtained by distilling a mixture of zinc Chap. III. 
filLgs and corrosive sublimate it was formerly distinguished 
by the name of butter of zinc. 	When obtained in this way 
it sublimes readily when heated, and crystallizes in needles. 

1 /4"-v-1  

But Dr. John Davy assures us that when the chloride is 
formed by, heating the muriate in a glass tube it does not 
sublime even at a red heat; but remains in a state of fusion. 
VVhen exposed to the air it very speedily deliquesces. 	Ac- 
cording to the analysis of Dr 	 John Davy* it is composed of 

Chlorine 	 50 	 100 • . Zinc 	 50 	 100 
If we suppose it composed of an atom of chlorine and an 
atom of zinc, its constituents should be 

Chlorine 	 4.5 	- . .. 100 
Zinc 	 4'125 	.... 	9P6 • 

IV. Zinc readily combines with Wine by heat. 	The 
iodide has a white colour. 	It is easily volatilized and crys- 
tallizes in fine quadrangular prisms. 	It deliquesces in the 
air and is very soluble in water. 	The solution is colourless 
and does not crystallize. 	This solution contains a combina- 
tion of hydriodic acid and oxide of zinc. 	Hence the iodide 
must decompose water. 	Gay-Lussac has shown that this 
iodide is a compound of 1 atom iodide + 1 atom zinc; 
or by weight of 

Iodide.. 

Iodine .... 15.625   100 
Zinc 	4'125 	' 	26.52 

V. We are not acquainted with any combination of zinc 
and fluorine. 	It does not combine with azote, nor hydro- 
(T b en. 

VI. Hydrogen gas procured from zinc by means of diluted 
sulphuric acid, when burnt, produced a certain portion of 
carbonic acid. 	Hence it was inferred that it contained 
originally some carbureted hydrogen. t As the zinc dissolves, 
a black powder makes its appearance in the solution. 	This 
black powder the French chemists affirm to be plumbago, 
and to its presenca they ascribe the cause of the formation 

$ Phil. Trans. 1812, p. 125. 
t See the experiments of Fourcroy, Vauquelin, and Seguin, Ann. de 

Chin), viii. 230. 
2 E 2. 
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Book T. of carbureted hydrogen; but this opinion has not liCifit 
Divi,...— lo 	It.  verified by accurate experiments, and is indeed unlikely` to verified 

be true.* 
VII. We are not acquainted with any compound of zinc 

and boron, or silicon. 
Phosphu, 
ret. VIII. Zinc may be combined with phosphorus, by dropping 

small bits of phosphorus into it while in a state.of ftrion. 
Pelletier, to whom we are indebted for the experiment, 
added also a little resin, to prevent the oxidation of the, 
zinc. 	Phosphuret of zinc is of a white colour, a metallic' 
splendour, but resembles lead more than zinc. 	It is some- 
what malleable. 	When hammered or filed,- it emits the 
odour of phosphorus. 	When exposed to a strong heat, it 
burns like zinc.t 

Phosphorus combines also with the oxide of zinc; a com-
pound which Margraff had obtained during his experiments 

. on phosphorus. 	When 12 parts of oxide of zinc, 12 parts 
of phoSphOric glass, and 2 parts of charcoal powder, are 
distilled in an earthenware retort, and a strong beat ap-
plied, a metallic substance sublimes of a silver-white colour, • 
which when broken has a vitreous appearance. 	This, ac- 

Phosphu- cording to Pelletier, is phosphureted oxide of zinc. 	When 
feted oxide. heated by the blowpipe; the phosphorus burns, and leaves 

behind a glass, transparent while in fusion, but opaque after 
cooling.t 

Phosphureted oxide of zinc is obtained also when 2 
parts of zinc and 1 part of phosphorus are distilled in an 
earthen retort. 	The products are, 1. Zinc; 2. Oxide of 
zinc; 3. A red sublimate, which is phosphureted oxide of 
zinc; 4. Needleform crystals, of a metallic brilliancy and 
a bluish colour. 	These also Pelletier considers as phos-
phureted oxide of zinc.§ 

Sulphuret. IX. Sulphur cannot be artificially combined with zinc; 
but when melted with the oxide of zinc, a combination is 
formed, as was first discovered by Dehne in 1781.11 	The 

• Proust has ascertained, that this black powder is often not carburet 
of iron, but a mixture of arsenic, copper, and lead. 	Ann. de Chim. xxxv, 
51. 	On separating this black powder and drying it, -I found that it as- 
sumed an olive-green colour. 	It proved in all my trials to be a mixture: 
of copper and lead. 	 t Ann. de Chim. xiii. 129. 

! Pelletier, Ann. de Chim. xiii. 123. 	§ Ann. de Chim. xiii. 125. 
H Chem. Jour: p. 46, and Crell's Annals, 1786, i. 7. 
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e.%Teriment was afterwards repeated by Alorveauft 	A Chap. III. 
sit filar compound is formed when sulphureted hydrogen, in 
combination with an alkali, is dropped into a solution of 
zinc. 	It is at first white, but becomes darker on drying. 

%—v---•1  

. 
It• was considered by chemists as sulphur united to the 
oxide of zinc; but experiment does not confirm the opinion. 
The zineekerns to be in the metallic state. 	Mr. Edmond 
Davy, foUnd that when the vapour of sulphur was passed 
over zinc in fusion, a yellowish compound was obtained 
similar in appearance to blende. 

One of the most common ores of zinc is a foliated mineral, 
usually of a brown colour, called blende ; tasteless, insoluble 
in water, 	and of a specific gravity about 4. 	Bergman 
showed that this ore consisted chiefly of zinc and sulphur. 
Chemists were disposed to consider it as a sulphureted oxide 
of zinc, in consequence chiefly of the experiments of Mor-
veau, above referred to ; but the analyses of Bergman were 
inconsistent with this notion. 	Proust have it as his opinion, 
that blonde is essentially a compound of zinc in the metallic 
state with sulphunt 	This opinion is now universally ad- 
mitted to be the true one. 	By a careful analysis of yellow 
blende, I found it (abstracting some iron) a compound of 

Zinc .. .... 	100 . 
Sulphur ... 	48'84 $ 

Hence we see that it is a compound of 1 atom zinc + 1 
atom sulphur. 

X. Zinc may be combined with arsenic by distilling a 
mixture of it and of arsenious acid.§ 	This alloy, according 
to Bergman, is composed of four parts of zinc and one of 
arsenic. 

Alloys
s 

	with 

XI. We' are not acquainted with the alloy of zinc and 
tellurium. 

XII. Zinc may be alloyed with potassium by heat; but 
the alloy is difficult to form on account of the volatility of 
the potassium. 	It has the colour of pounded zinc. 	It is 
gradually destroyed in the air, effervesces in water, and still 
more violently in acids. H 

Potassium,  

With sodium it is easily alloyed in a cherry-red heat. 

a  Mem. de 1'Acad. de Dijon, 1783. 	f Jour. de Phys. lvi. 79, 
1 Annals of Philosophy, iv. 92. 	§ Malouin. 

Sodium, 

II Gay-Lussac and Thenard; RecherchesPhysico-chimiques, i. 221. 
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Book I. and; f colour of the alloy is bluish-grey. 	It is brittle, 	f 
Division". a foliated texture. 	It is destroyed in the air, and effervesces 

in water and in acids.* 
• XIII. We are not acquainted with the alloys which zinc 

forms with the metals of the. alkaline earths and earths 
proper. 

Iron. XIV. It is difficult to combine zinc with iron, tnausê the 
heat necessary to melt the latter metal dissipates the former. 
The alloy, according to Lewis, when formed, is hard, some- 
what malleable, and of a white colour approaching to that 
of silvent Malouin has shown that zinc may be used instead 
of tin to cover iron plates : a proof that there is an affinity 
between the two metals.t 

Nickel. XV. Zinc does not appear capable of combining with 
nickel by fusion.§ 	Neither does it combine with cobalt by 
fusion. 

We are not acquainted with the alloys which zinc may 
be capable, of formilig with manganese, cerium, and ura- 
nium. 

SECT. II. 

OF LEAD. 

LEAD appears to have been very early known. It is men- 
tioned several times by Moses. 	The ancients seem to have 
considered it as nearly related to tin. 

Properties. 1. Lead is of a bluish white colour ; and when newly 
melted is very bright, but it soon becomes tarnished by ex- 
posure to the air. 	It has scarcely any taste, but emits on 
friction a peculiar smell. 	it stains paper or the fingers 
of a bluish colour. 	When taken internally it acts as a 
poison. 

* Gay-Lussac and Thenard ; Recherches Physico-chimiques, i. 243. 
-I- Neuman's Chem. p. 69. 	X Mem. Par:1742. 
§ The Chinese, however, seem to be in possession of some method of 

combining these metals: for, according to Engestroem, the pakjong, 
or white copper, is composed of copper, nickel, and zinc. 	The zinc 
amounts to seven-sixteenths of the whole, and the proportions of the 
copper and nickel are to each other as five to thirteen. 	Mern. Stock. 
1716. 
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1,_ 
7. It is one of the softest of the metals, its specific gravity Chap. III. 

is 1i•3523.* 	Its specific gravity is not increased by ham- 
mering ; so far from it, that Muschenbroeck found lead 
when drawn out into a wire, or long hammered, actually 
diminishecr'i its specific gravity. 	A specimen at first of 
the specific aNvity 11.479, being drawn out into a fine wire, ... was of tli0, i'D specific gravity 11.317 ; and on being hammered, 
it beoame 11.2187; yet its tenacity was nearly tripled.t 

`"""v"---d  

Guyton Morveau on repeating this experiment found the 
result as stated. 	But he found likewise that he could in. 
crease the specific gravity of lead, by hammering it, confined 
in a mould so thatit had not liberty to expand. 

3. It is very malleable, and may be reduced to thin plates 
by the hammer; it may be also drawn out into wire, but its 
ductility is not great. 	Its tenacity is such, that a lead wire 
11,2....- inch diameter is capable of supporting only 18'4 pounds 
without breaking. 

4. From the experiments of Mr. Crichton of Glasgow we 
learn that lead melts when heated to the temperature 612°4 
When a very strong heat is applied the metal boils and eva- 
porates. 	If it be cooled slowly, it crystallizes. 	The Abbe 
Mongez obtained it in quadrangular pyramids, lying on one 
of their sides. 	Each pyramid was composed, as it were, of 
three layers. 	Pajot obtained it in the form of a polyhedron 
with 32 sides, formed by the concourse of six quadrangular 
pyramids.§ 

II. When exposed to the air it soon loses its lustre, and 
acquires first a dirty grey colour, and at last its surface be- 
comes almost white. 	This is owing to its gradual combina, 
tion with oxygen, and conversion into an oxide. 	But this 
conversion is exceedingly slow ; the external crust of oxide, 
which forms first, preserving the rest of the metal for a long 
time from the action of the air. 

Oxides. 

Water has no direct action upon lead; but it facilitates 
the action of the external air : for, when lead is exposed to 
the air, and kept constantly wet, it is oxidated much more 
'apidly that it otherwise would be. Hence the reason of the 

4̀  Brisson. 	Fahrenheit found it 11'3500, Phil. Trans. 1724. 	Vol. 
xxxiii. p. 114. 	I found a specimen of milled lead 11.407 at the tempera- 
ture of 64°. 	 t Wasserberg, i. 441. 

I Phil. Mag. xvi. 49. 	§ Jour. da Phys. xxxviii, 53. 
5 
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Book I. 
Division IL 

white crust which appears upon the sides of leaden VeSs05 ,, 
containing water, just at the place where the upper surgtce 
of the water usually terminates. 

Lead unites with oxygen in three portions, andforms the 
protoxide of lead, which is yellow ; the perox'.ie which is 
brown ; and the red oxide, which seems to be-'a compound 
of the yellow and the brown. 

Yellow 
oxide. 1. The protoxide or yellow oxide of lead, which ias,been 

longest known, and most carefully examined, may be ob-
tained by dissolving lead in a sufficient quantity of nitric 
acid; so as to form a colourless solution, and then supersa- 
turating it with carbonate of potash. 	A white powder falls, 
which when dried, and heated nearly to redness, assumes a 
yellow colour. 	It is pure yellow oxide of lead. 	This oxide 
is tasteless, insoluble in water, but soluble in potash and in 
acids. 	It readily melts when heated, and forms a yellow, 
semi-transparent, brittle, hard glass. 	In violent heats a 
portion of it is dissiiated. 	When kept heated in the open 
air, its surface becomes brick red. 

Various careful experiments have been made in order to 
determine with accuracy the composition of this oxide. 	I 
consider the results obtained by Bucholz and Berzelius, 
especially the last, as very near the truth. 	These are as 
follows : 

Bucholz* 	 100 lead + 8 oxygen 
Berzelius-   100 	+ 7.7 

Let us consider the yellow oxide of lead as a compound of 
• 100 lead + 7'692 oxygen, which does not differ materially 

from the determination of Berzelius. 	In that case, if it be 
a combination of 1 atom metal with 1 atom oxygen, its 
Constitution will be 

Lead 	 13 	 100 
Oxygen . .. 	1 . 	7'692 

The weight of an atom of lead will be 13, and of an atom 
of protoxide 14.  

When lead is kept melted in an open vessel, its surface is 
soon covered with a grey coloured pellicle. 	When this 
pellicle is removed, another succeeds it; and by continuing 

Gehlen's Journal, v. 259. 
Ann. de Chim. lxxviii. 11, and lxxix. 121, 
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the heat, the whole of the lead may soon be converted into Chap. III. 
thisubstance. 	If these pellicles be heated and agitated for 
a short time in an open vessel, they assume the form or a 
greenisl 	yellow poder. 	Mr. Proust has shown that this 
powder is iknixture of yellow oxide and a portion of lead in 
the metallierfaCe. 	It owes its green colour to the blue and 
yellow providers which are mixed in it. 	If we continue to 
expop this powder to heat for some time longer in an open 
vessel, it absorbs more oxygen, assumes a yellow colour, 
and is then known in commerce by the name of massicot. 

\---v—i  

The reason of this change is obvious : the metallic portion 
of the powder gradually absorbs oxygen, and the whole of 
course is converted into yellow oxide. ' 

When thin plates of lead are exposed to the vapour of 
warm vinegar, they are gradually corroded, and converted 
into a heavy white powder, used as a paint, and called white 
lead. 	This powder used formerly to be considered as a pe- 
culiar oxide of lead; but it is now knOwn that it is a com-
pound of the yellow oxide and carbonic acid. 

2. If nitric acid, of the specific gravity 1.260, be poured 
upon the red lead, 185 parts of the oxide are dissolved ; but 

white lead. 

Peroxide. 

15 parts remain in the state of a black or rather deep brown 
powder.* 	This is the peroxide or brown oxide of lead, first 
discovered by Scheele. 	The best method of preparing it is 
the following, which was pointed out by Proust, and after-
wards still farther improved by Vauquelin : Put a quantity 
of red oxide of lead into a vessel partly filled with water, and 
make chlorine gas pass into it. 	The oxide becomes deeper 
and deeper coloured, and is at last dissolved. 	Pour potash 
into the solution, and the brown oxide of lead precipitates. 
13y this process 68 parts of brown oxide may be obtained for 
every 100 of red oxide employed.-I• 

This oxide is a tasteless powder of a flea-brown colour, 
and very fine and light. 	It is not acted on by sulphuric or 
nitric acids. 	From muriatic acid it absorbs hydrogen, and 
converts it into chlorine. 	When heated it gives out the 
half of its oxygen and is converted into yellow oxide.$ 
Hence it is obvious that the peroxide of lead is a compound 
of 1 atom lead + 2 atoms oxygen, or by weight of 

* Scheele, i. 113, and Proust, Ann. de Chim. xxiii. 98. 
Funreroy, iv. 91. 	t Berzelius ; Ann. de Mtn. lxxviii. 16. 
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Book I. 	 Lead 	 13 	 100 
Division II. 	 Oxygen 	.... 	2  	15'384 %.....—..\e—. 
Red oxide. 	3. If massicot, ground to a fine powder, be put into a 

furnace, and constantly stirred while thZ flame oc"..,71-e.  burn-
ing coals plays against its surface, it is in .:.;;;,.:t 48 hours 
converted into a beautiful red powder, known by ,:he nalae 
of minium or red lead.* 	This powder, which is`qikewise 
used as a paint and for various other purposes, is the red 
oxide of lead. 

Red lead is a tasteless powder, of an intense red colour, 
often inclining to orange, and very heavy; its specific gra- 
vity, according to Muschenbroeck, being 8'940. 	It loses no 
sensible weight in a heat of 4000; but when heated to red-
ness, it gives out oxygen gas, and gradually runs into a dark 
brown glass of considerable hardness. 	By this treatment it 
loses from four to seven parts in the hundred of its weight, and 
a part of the lead is rcKluced to the metallic state. 	Red lead 
does not appear to combine with acids. 	Many acids indeed 
act upon it, but they reduce it in the first place to the state 
of yellow oxide. 

It appears from the analysis of Berzelius that the red lead 
of commerce is mixed with yellow oxide, with sulphate of 
lead, muriate of lead, and silica.. When separated from all 
these foreign bodies he found it a compound of 

Lead 	 100 
Oxygen  	11'08t 

It is obvious then that it contains 14- times as much oxy- 
gen as the protoxide. 	We have two ways of viewing this 
substance. 	It may be considered as a compound of 2 atoms 
of lead and 3 atoms of oxygen, or as a compound of 1 atom 
of protoxide and 1 atom of peroxide. 	Which ever of these 
views we take, it is evident that its weight will be the same. 
It must be twice the weight of an atom of lead + 3 atoms of 
oxygen ; or 29. 	As red lead does not combine with any 
other substance without undergoing decomposition, its na-
ture is not of much importance in a chemical point of view, 
But every person may convince himself by an examination 
of the salts into which yellow oxide of lead enters that its 

* See an account of the method ofmanufacturing red lead in Watson's 
Chemical Essays iii. 338. 	t Berzelius; Ann. de Chim. lxxviii. 14. 
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eiivalent number is 14. 	It' must therefore be a protoxide. Chap. III. 
NoW I am not aware of any other means of reconciling the 
composition of the oxides of lead with this number but the 
two sunflitions juiP- made, one or other of them therefbre 
must be adV;)itted-e7 

4:  All tiit Incides of lead are very easily converted into 

'Ne---'s  

Cupella- 
glass : arl in that state they oxidize and combine with 
alrno:it all the other metals except gold, platinum, silver, 
and the metals recently discovered in crude platina. 	This 
property renders lead exceedingly useful in separating gold 
and silver from the baser metals with which they happen to 
be contaminated. 	The gold or silver to be purified is 
melted along with lead, and kept for some time in that state in a 
flat cup, called a cupel, made of burnt bones, and the ashes of 
wood. 	The lead is gradually vitrified, and sinks into the 
cupel, carrying along with it all the metals which were 
mixed with the silver and gold, and laving these metals in 
the cupel in a state of purity. 	This process it called cupella- 
lion. 

.5. Lead when first extracted from its ore always contains 

"". 

Refining 
a certain portion of silver, variable, according to the ore, 
from a few grains to 20 ounces or more in the fodder. 

lead.  

When the silver contained in lead is sufficient to repay the 
expense, it is usual to separate it ; and the process is known 
by the name of refining tile lead. 	The lead is placed gradu- 
ally upon a very large flat dish called a test, made by heat-
ing a mixture of burnt bones and fern ashes into an iron 
hoop, and scooping out the surface to a certain depth. 
teing acted upon by the flame of the furnace, it gradually 
assumes a kind of a vitriform state, and is blown off the 
test, or sinks into it, while the silver remains unaltered. 
The lead by this process is converted into the substance 
called litharge. 	As it is thrown off in a melted state, the 
litharge at first coheres in masses, but it gradually falls 
clown by exposure to the air, and then consists of fine 
scales, partly red and partly of a golden-yellow. 	It con- 
sists  of yellow oxide of lead cpmbined with a certain por-
tion of carbonic acid.* 

• Some improvements in the method of separating silver from lead by 
cupellation may be seen in a dissertation by Duhamel, published in the 

Litharges 

3 --Vol. of the Memoires de l'Institute, p. 406. 	They had been pre- 
viously practised in this country. 
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Book 1. III. When lead is introduced into chlorine gas it does 
Division II. not burn ; but it absorbs the gas, and is converted into 
Chloride. chloride of lead. 	This substance is easily obtained by mixing 

a solution of nitrate of lead with a sok,tion of common salt. 
A precipitate falls, consisting of small, u!)ite, ,--liky crystals. 
When these crystals are heated they melW•tqd are con- 
verted into pure chloride of lead. 	This compound .was 
formerly distinguished by the name of plumb= cor'ieum, 
or horn lead. 	It is a semitransparent greyish-white mass, 
having some resemblance to horn in appearance. 	When 
heated in the open air it partly evaporates in a white smoke; 
but when the access of air is excluded, it remains fixed at a 
red heat. 	According to the analysis of Dr. John Davy,* 
it is composed of 

Chlorine . .. 25'78 	 100  	4.5 
Lead 	 71.22 	 287.88 	 12.955 

—I-- 
. 	100.00 

From this analysis (which is very nearly accurate) it is 
obvious that the chloride of lead is a compound of 1 atom 
chlorine and 1 atom lead. 

Iodide. IV. Lead combines readily with iodine when the two 
substances are heated together. 	The iodide of lead has a 
fine yellow colour. 	It is precipitated whenever a hydriodate 
is dropped into a solution containing lead. 	It is insoluble 
in water. 	It has not been analysed ; but there can be no 
doubt that it is a compound of 1 atom iodine + 1 atom lead. 

' Of course it must be composed of 
Iodine .. 15.625 
Lead 	.. 13. 

V. We are ignorant of the action of fluorine upon lead. 
Lead does not combine with azote, hydrogen, or carbon. 
No combination of it with boron, or silicon, is known. 

Phospliu- VI. Phosphuret of lead may be formed by mixing toge- 
Jct. ther equal parts of filings of lead and phosphoric glass, and 

then fusing them in a crucible. 	It may be cut with a knife, 
but separates into plates wl1en hammered. 	It is of a silver- 
white colour with a shade of blue, but it soon tarnishes. 
when exposed to the air. 	This phosphuret may also be 
formed by dropping phosphorus into melted lead. 	It is 

* Phil. Trans. 1812, p. 185. 
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corriposed of about 12 parts of phosphorus and 88 of lead.* Chap. III. 

•...' If we suppose it a compound of 1 atom Iead + 1 atom 
phosphorus, it would consist of 88 lead + 10 phosphorus, 
which agrees sufficienjly well with Pelletier's analysis. 

1 /4—Th."--1  

VII. Sit;lhuret,;;;T lead may be formed, either by strati. 
lying its tw"-tsci-niPonent parts and melting them in a cruci-
ble;' or bry dropping sulphur at intervals on melted lead. 

Sulphuret. 

The suphuret of lead is brittle, brilliant, of a deep blue- 
grey colour, and much less fusible than lead. 	These two 
substances are often found naturally combined; the com-
pound is then called galena, and is usually crystallized in 
cubes. 	The specific gravity varies somewhat, but is not 
much below 7. 

Lead appears capable of uniting with two different pro- 
portions of sulphur. 	With the minimum it forms sulphuret 
of lead, which is the common galena of mineralogists. 
There can be no doubt, from the experiments of Berzelius 
and others, that it is a compound of Patoin lead ÷ 1 atom 
sulphur, or by weight of 	• 

Lead 	 13 	 100 
Sulphur .... 	2  	15'381 

Besides this common 	sulphuret of lead there occurs 
another occasionally, lighter in colour, and more brilliant, 
which burns in the flame of a candle, or when put upon 
burning coals, emiting a blue flame. 	It contains, at least, 

Sisulphtt. , 
ret. 

25 per cent. or +th of its weight of sulphur. 	It is, there- 
fore, a bisulphuret of lead. 	This variety has not hitherto 
been noticed by mineralogists, neither has it been made 
artificially by chemists. 	. 

VIII. Lead and arsenic may be combined by fusion. Alloys whiz . 
The alloy is brittle, dark-coloured, and composed of plates, arsenic, 
Lead takes up Tif th of its weight of arsenic.t 

IX. Lead may be easily alloyed with potassium. 	The 
two metals unite when the heat is raised sufficiently high to 
fuse the lead. 	The alloy is very fusible and brittle. 	Its 
texture is fine granular. 	When exposed to the air it is 
speedily destroyed. 	It effervesces in water. 	The potas- 
sium is converted into potash, and the lead remains un-
al tered . $ 

• Pelletier, Ann. de Chim. xiii. 114. 	t Berman. 
i Gay-Lussac and Thenard; Recherches Physico-ohimiques, i. 218. 

3 

potassium, 
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Book J The alloy of lead and sodium may be formed in the same 
Division II. manner. 	This alloy has some ductility. 	It is fine gra- 
'''''.'"-*1  nular, and has a bluish-grey colour, and is nearly as fusible Sodium. as lead. 	When exposed to the air, fu, placed unkr water, 

the sodium is speedily converted into k •qda, a:pi-the lead .... separates unaltered.* 	 4Z 
 -} X. We do not know the alloys which lead .:0rms ivith 

the metallic bases of the alkaline earths and earths proper. 
Iron. XI. The older chemists affirm, that iron is not taken up 

by melted lead at any temperature whatever, but that it 
constantly swims upon the surface. 	Muschenbroeck, how- 
ever, succeeded in uniting by fusion 400 parts of iron with 
134 parts of lead, and formed a hard alloy, whose tenacity 
was not 1  of that of pure iron. 	The specific gravity of an 
alloy of ten iron and one lead, according to him, is 4•250.t 
The experiments of Guyton Morveau have proved, that 
when the two metals are melted together, two distinct alloys 
are formed. 	At thcbottom is found a button of lead con- 
taining a little iron; above is the iron combined with a small 
portion of lead.$ 

Nickel. XII. Lead cannot readily be combined with nickel by 
fusion. 

Cobalt. XIII. It was supposed formerly that cobalt does not 
combine with lead by fusion ; for upon melting equal parts 
of lead and cobalt together, both metals are found separate, 
the lead ht the bottom and the cobalt above. 	Indeed, when 
this cobalt is melted with iron, it appears that it had com-
bined with a little lead ; for the iron combines with the 

. cobalt, and the lead is separated.§ 	But Gmelin has shown 
that the alloy may be forthed. 	He put cobalt in powder 
within plates of lead, and covered them with charcoal to 
exclude the air., 	He then applied heat to the crucibles con- 
taining the mixtures. 	Equal parts of lead and cobalt pro- 
duced an alloy, in which the metals appeared pretty uni-
formly distributed, though in some cases the lead predomi- 
nated. 	It was brittle, received a better polish than lead, 
which metal it resembled rather than cobalt; its specific 
gravity was 8'12. 	Two parts of lead and one of cobalt pro- 

* Gay-Lussac and Thenard ; Recherches Physico-chimiques, i. 241; 
t Wasserberg, i. 212. 	 I Ann. de Chim. lvii. 47. 
§ Gellert, p. 137. 

   
  



, 	 LEAD. 	 431  
duced an uniform mixture, more like cobalt than lead, very Chap. III. 

-̀--v..--i little malleable, and softer than the last. 	Its specific gravity 
,was 8•28. 	Four parts of lead and one of cobalt formed an 
alloy still brittle, anti having the fracture of cobalt, but the 
polish or lit. 	Nlias harder than lead. 	Six parts of lead 
and one 0 tilt formed au alloy more malleable, and 0 ? 	u•u .-t'' 
balder tbm lead. 	Its specific gravity was 9'65. 	Eight • 
Parts of lead and one of cobalt was still harder than lead, 
and it received a better polish. 	It was as malleable as lead. 
Its specific gravity was 9'78.* 

XIV. We do not know the alloys which lead forms with 
manganese, cerium, and uranium. 

XV. The alloy of lead and zinc has been examined by zinc. 
Wallerius, 	Gellert, Muschenbroek, 	and Gmelin. 	This 
last chemist succeeded in forming the alloy by fusion. 	He 
put some suet into the mixture, and covered the crucible, in 
order to prevent the evaporation of the zinc. 	When the 
zinc exceeded the lead very much, thz... alloy was malleable, 
Qad much harder than lead. 	A mixture of two parts of 
zinc and one of lead formed an alloy more ductile and 
harder than the last. 	A mixture of equal parts of zinc and 
lead formed an alloy differing little in ductility and colour 
from lead ; but it was harder, and more susceptible of 
polish, and much more sonorous. 	When the mixture con- 
tained a smaller quantity of zinc, it still approached nearer 
the ductility and colour of lead, but it continued harder, 
more sonorous, and susceptible of polish, till the propor-
tions approached to 1 of zinc and 16 of lead, when the 
alloy differed from the last metal only in being somewhat 
harder. 

XVI. The alloy of bismuth and lead is brittle; its colour Bismuth, 
is nearly that of bismuth; 	-its texture lamellar; and its 
Specific 	gravity greater than the mean. 	According to 
Afluschenbroeck, the specific gravity of an alloy of equal 
Parts bismuth and silver is 10.70974 

• Ann. de Chim. xix. 357. 	t Ibid. ix. 95. 
Wasserberg, i. 160 

   
  



432 	 SIMPLE COJIBUSTII3LIES. 
Book I. 

Division It SECT. IIL 

OF TIN. 
c‘, 	-.4.  TIN was known to the ancients in til:t,mosy:6iliote ages. 

The Phoenicians procured it from Spain 's artir.-.,:c 1  lm Britain,' 
• with which nations they carried on a• very lucrtitive com- 

merce. 	At how early a.  period they imported this metal we 
may easily conceive, if we recollect that it was in common 
use in the time of Moses.t 

Properties. 1. This metal has a fine white colour like silver; and 
when fresh, its brilliancy is very great. 	It has a slightly 
disagreeable taste, and emits a peculiar smell when rubbed. 

.2. Its hardness is between that of gold and lead. 	Its.spe- 
cific gravity is 7.291; after hammering, 7•299.$  

3. It is very malleable : tin leaf, or tinfoil as it is called, 
is about 	of an inch thick, and it might be beat , ,,'„ ,, part 	 ,out 
into leaves as thin again if such were wanted for the pur- 
poses of art. 	Its ductility and tenacity are much inferior to 
that of most of the metals known to the ancients. 	A tin wire 
0'078 inch in diameter is capable of supporting a weight 
of 34.1 pounds only without breaking.§ 	Tin is very flexi- 
ble, 	and produces a remarkable crackling noise when 
bended. 

4. When heated to the temperature of 4421 it melts; 
but a very violent heat is necessary to cause it to evaporate. 
When cooled slowly, it may be obtained crystallized in the 
form of a rhomboidal prism.** 

Oxides. • H. When exposed to the air it very soon loses its lustre, 
and assumes a greyish-black colour, but undergoes no far-
ther change ; neither is it sensibly altered by being kept 
under cold water ; but when "the steam of water is made to 
pass over red hot tin, it is decomposed, the tin is oxidated, 
and hydrogen gas is evolved.ft 

When tin is melted in an open vessel, its surface becomes 

* Pliny, lib. iv. cap. 34, and lib. xxxiv. cap. 47. 	• 
t Numbers xxxi. 22. 	 t Brisson. 
§ Morveau, Ann. de Chim. lxxi. 223. 
II Crichton, Phil. Mag. xv. 147. 
** Pajot, Jour de Phys. xxxviii. 52.  
ft Bouillon La Grange, Ann. de Chim. xxxv. 208. 	Gay-Lussac,. 

Ibid. lxxx. 170. 	 . 
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very soon covered with a grey powder, which is an oxide Chap.  III. 
of the metal. 	If the heat be continued, the colour of the 
powder gradually changes, and at last it becomes yellow. 

‘— (̀-1  

Whetip-ti2 heated.4,ery violently in an open vessel, it 
takes fire, in)1 js 	.;:verted into a white oxide, which may 
be obtainedwit,65-rstals. . 

The firs"; correct experiments on the oxides of tin were 
made loy Proust.* 	The subject was afterwards investigated 
by Dr. John Davy,t Berzelius,t and Gay-Lussac.§ 	It 
forms two oxides. The protoxide has a grey or black colour ; 
but when combined with water is white. 	The protoxide is 
fellow, and in certain circumstances transparent, and nearly 
2uhite. 

1. The grey oxide is formed when tin is exposed to a 
moderate heat for some time; but in that case it is never 
pure. 	It may, however, be obtained in a .state of purity by 
the following method : Dissolve tin in muriatic acid, either b 	 ) by means of heat, or by adding a little nitric acic occasion- 
ally. 	When the solution is completed, add to it an excess 
of potash ; a white powder falls, but is partly taken up 
again. 	But the remainder, on standing, assumes a dark- 
grey colour, and even a metallic lustre; this remainder is 
pure grey oxide of tin.11 	The white powder, first precipi- 
tated, is the hydrate of the protoxide. 	When heated, it 
gives out its water, and becomes dark-grey, or nearly black. 

Grey 

- 

oxide. 

This protoxide is a tasteless powder, soluble in both acids 
and alkalies. 	When heated it takes fire, and burns like 
tinder, and is converted into peroxide. 	When in a state 
of solution, it absorbs oxygen with avidity, and is converted 
Into peroxide. The following table exhibits the composition 
of this oxide, according to the most accurate experiments 
hitherto made: 

Tin. 	Oxygen. 
Gay-Lussac .. 100 + 13'5 
John Davy .. 100 	13'55 
Berzelius .. • . 100 	13.6 

These experiments almost coincide. 	Supposing  the 

• Ann. de Chim. xxviii. 213. 	t Phil. Trans. 1812, p. 194. 
1 Nicholson's Journal, xxxv. 122. 	§ Ann. de Chim. lxxx. 170. 
lil See Proust, ubi supra, and Berthollet, junior, Statique Chitnique, 

ii• 467. 
Nki., I. 	 " 	2 r 
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Book I. protoxide of tin to be a compound of 1 atom tin + 1 atom, 
Division IL oxygen ; it follows that an atom of tin weighs 7.375. 	For 
`"—y"--1  on that supposition we have protoxide of tin composed of.  

Tin   7.375 	r',DO 	 . 
Oxygen... 	1 	 '1.-..•r:_g 

which is the mean of the preceding experiment 
Peroxide. 2. The peroxide may be obtained by heating tin in 

concentrated nitric acid. 	A violent effervescence ensues, 
and the whole of the tin is converted into a white powder, 
which is deposited at the bottom of the vessel. 	When 
heated so as to drive off all the acid and water, it assumes a 
yellow colour. 	When tin filings and red oxide of mercury 
are heated together, the peroxide of tin is obtained -of a 
white colour ; but in every other respect it possesses the 
properties of common peroxide of tin.* 

This oxide does not dissolve in muriatic acid, 	but it 
forms a combination- with it which is soluble in water. 	In 
the same way when digested with potash it combines with 
that alkali, and the compound dissolves in water. 	When 
this solution is evaporated it leaves a yellow jelly, again 
soluble in water. 	It appears also to combine with sulphuric 
acid though the 	compound does not dissolve in water, 
because that liquid unites in preference with 	the acid. 
When this oxide is exposed to a red heat it is no longer 
dissolved by acids or water. 	The same property is observ- 
able in most metallic oxides. 	Thus the peroxide of tin is 
capable both of acting the part of an acid and of a salifiable 

• base. 	But the union which it forms both with acids and 
bases is very weak, since heat alone is sufficient to separate 
it again. 	The following table exhibits• the composition of 
the peroxide of tin according to the most accurate experi-
ments hitherto made : 

Tin. 
Berzeli us   100 + 271 
Gay-Lussac 	 100 + 27.2 

. Klaproth   100 + 27'64 
John Davy   100 + 27.64,  

These experiments very nearly coincide, though not quite 
so nearly as those on the protoxide. 	There cannot be.! 

lierzelius; Nicholson's Journal, xxxv. 130. 
5 
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doubt from them that the peroxide of tin contains twice as Chap. III.. 
much oxygen as the,  protoxide, or that it is a compound of "i--v--' 

%1- atom tin + 2 atoms oxygen. 	Hence it contains 

'--- 1" Tin 	 :40 	 '7•375   100 
10% ..,0••••••:,- 	 ' 	2  	27•1 .-..-, 

Numl4.4:s which almost agree with the analyses of Berze- 
lius ilnd Gay-Lussac. 

3. Both Proust and Berzelius have endeavoured to prove 
the existence of a third oxide of tin. 	The opinion of Proust 
has been refuted by the experiments of Dr. John Davy. 
Berzelius' evidences are quite unsatisfactory. 	He conceives 
that an intermediate oxide exists in the Liquor of Libavius; 
yet when he separated this oxide he found it possessed of 
precisely the same properties as the peroxide.* 

III. Dr. John Davy has shown that tin combines with 
two proportions of chlorine, and forms 2 chlorides, which lie 
has examined and analysed. 	,  
• 1. Protochloride of tin may be formed by heating tope- Protochlo- 
ther an amalgam of tin and calomel, or by evaporating to 
diyness the protomuriate of tin and fusing the residue in a 
close vessel. 	It has a grey colour, a resinous lustre and 
fracture, and takes fire wen heated in chlorine gas, and is 
converted into perchloride of tin. 	In close vessels it may 
be fused at a heat rather below redness without decomposi-
tion; but when strongly heated it seems to be partially 
decomposed. 	Water converts it into.  muriate of t4n. 	It is 
composed, according to Dr. John Davy's experiments, of 

ride. 

• 

Tin 	100 	• 
Chlorine 	 60•71t 

2. The perchloride of tin Irs been long known tinder the Pcrchlo. 
name offizming liquor of Libavius, because it was discovered 
by Libavius, a chemist of the 16th century. 	It is usually 
prepared by mixing together an amalgam of tin and corro-
sive sublimate, and distilling with a very moderate heat. 

ride* 

The proportions that answer best according to Sulze, are 6 
parts of tin, 1 part of mercury, and 33 parts of corrosive 
sublimate.$ 	The distillation is to be conducted with a 
very moderate heat. 	At first a colourless liquid passes into 

e See Nicholson's Journal, xxxv. 124. 	t Phil. Trans. 1812, 177. 
,'I Gehlen's Journal, iv. 438. 

2 F 2 

   
  



636 	 SIMPLE COMBT5STIBLES.. 

Book I. 	the receiver, consisting chiefly of water i then the fuming 
1)Ivisi°nIl. liquor rushes all at once into the receiver in the state of a 

white vapour. 	John Davy found that the perchloride of tiff, 
may be prepared, likewise, by mixing 	concentrate :1 n.cr- 
muriate of tin with sulphuric acid, anakAistilling with a 
gentle heat. 	It is formed, likewise, when tiiiisAltroduced 
into chlorine gas. 	The metal catches fire and perchloride 
sublimes. 

Fuming liquor of Libavius is a colourless liquid like 
water and very fluid. 	When exposed to the air it smokes 
with great violence, owing, as Adet first showed to its avi- 
dity for moisture. 	When 1 part of water and S parts of 
fuming muriate are mixed together, the mixture condenses 
into a solid mass. 	Hence the reason that crystals appear 
on the surface of this liquor, when kept in a phial, with a 
common cork stopper. 	It gradually imbibes moisture from 
the air and crystallizes in consequence. 	These crystals fall 
to. the bottom of the liquor and remain unaltered. 	Dr. 
Davy found that this liquor acts with great violence on oil 
of turpentine. 	In one case, indeed, it set the oil on fire. 
According to his experiments perchloride of tin is composed 
of 

Tin   100 
Chlorine 	 140.44.* 

If we suppose the chloride of tin to be a compound of 1 . 
atom metal + 1 atom chlorine, and the bichloride a com- 
pound of 1 atom metal + 2 atoms chlorine, 	as must 

. 	undoubtedly be the case, 	their composition will be as 
follows 

Chloride. 
Tin 	 100 •	 
Chlorine  	61.01 
Bichloride. 
Tin   100 
Chlorine .. 	 122.02 

The chloride agrees very well with the analysis of John 
Davy, but the bichloride noi: so well. 	The difference is 
probably owing to the difficulty of obtaining the bichloride 
in a state of purity. 	It has the property of dissolving tin. 

• Phil. Trans. 1812, p. 177. 
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and the bichloride which he analysed, might have contained Chap. m. 
a little of that metal in solution. `—v-1  

%.: IV. Iodine combines readily with tin when the melted 
niet21. i brought in ceitact with the vapour of this supporter. 

Iodide. 

The iodide has. :dirty orange colour, and is very fusible. 
Water dayomOoses it completely, converting it into hydrio- 
dic acid iind oxide of tin. 	When tin and iodine are heated 
together under water, they act upon each other, and are 
converted respectively into hydriodic acid and oxide of tin.* 
This iodide has not been analysed, but it is probably com-
posed of 1 atom metal + 1 atom iodine, or of 

Tin  	7.375 
Iodine 	 15.625 

Analogy would lead us to suppose that 2 iodides of tin 
exist. 

V. The action of fluorine on tin is unknown. 	Probably 
tin does not combine with azote nor :with hydrogen. 	We 
do not know any compound which tin is capable of forming 
with carbon, boron, or silicon. 

VI. Phosphuret of tin may be formed by melting in a Phosphu- 
crucible equal parts of filings of till and phosphoric glass. ret. 

Tin has a greater affinity for oxygen than phosphorus has. 
Part of the metal therefore combines with the oxygen of the 
glass during the fusion, and flies off in the state of an oxide, 
and the rest of the tin combines with the phosphorus. 	The 
phosphuret of tin may be cut with a knife; it extends under 
the hammer, but separates in laminae. 	When newly cut, it 
has the colour of silver ; its filings resemble those of lead. 
When these filings are thrown on burning coals, the phos- 
phorus takes fire. 	This phosphuret may likewise be formed 
by dropping phosphorus gradually into melted tin. Accord-
ing to Pelletier, to whose experiments we are indebted for 
the knowledge of all the phospliurets, it is composed of 
about 85 parts of tin and 15 of phosphorus.t 	Margraff 
also formed this phosphurct, but he was ignorant of its 
composition. 

VII. Tin combines with 2 proportions of sulphur, and 
forms 2 sulphurets, both of which have been long known. 

1. Sulphuret of tin may be formed by fusing tin and Protosul- 
1 sulphur together, reducing the compound formed  to pow. • Owlet. 

* Gay7Lussac, Ann. de aim. xci. 26. 
-I- Ann. de Chim. 	116. 
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I
vs 	

. D.B9?k der, mixing it with sulphur, fusing it a second time, and 
...—..v..—." keeping the temperature sufficiently high to volatilize the 

superfluous sulphur. 	It has the colour of lead, the inetalbs' 
lustre, and is capable of crystallizing 	When dissfalvg,i'in 
concentrated muriatic acid itis totally coli-eissted into oxide of 
tin and sulphureted hydrogen gas. 	Its coniiitue:Its accord- 
ing to the most accurate experiments hitherto made, are as 
follows : 

Tin. 
Bergman # 	100 	 + 25 
Proust t 	100 	 + 25 
John Davy $ 100 	 + 27'3 
Berzelius § 	100   • + 27.234 

There an be no doubt that this sulphuret is a compound 
of 1 atom tin + 1 atom sulphur, and that it is composed by 
weight of 	 . 	• 

Tin 	.. ., .... .7'375 	• •  	100 
Sulphur 	 2  	27'1 

Numbers which coincide very nearly with the analyses of 
John Davy and Berzelius. 

Persulpliu- 2. Persulphuret of tin has been long known in che- 
ret. mistry under the name of aurum mosaicum or musivum.  , 

mosaic gold. 	I do not know when it was discovered, but 
Kunkel gives a formula for preparing it. 	In the year 1771 
Mr. Woulfe rectified the old process and proposed the 
following method of making this substance, which is much 
cheaper than the old one. 	Mix together 12 parts tin, 7 

. parts sulphur, 3 parts mercury, and 3 parts sal ammoniac. 
Expose the mixture to a strong heat for eight hours in a 
black lead crucible, to the top of which an aludel is luted. 
The mosaic gold sublimes.II 	In the year 1792 Pelletier 
published a set of experiments on this compound, and 
showed that it might be prepared by heating together in a 
retort a mixture of equal parts of sulphur and oxide of tin. 
Sulphurous acid and sulphur are disengaged, and mosaic 
gold remains." 	Before the appearance of this dissertation 
it had been the general opinion of chemists that mosaic 
gold is a compound of tin and sulphur. 	But Pelletier 
endeavoured to show that the tin was in the state of an • 

' Opusc. iii. 157. 	 t Nicholson's Journal, xiv. 41. 
I Phil. Trans. 1812, p. 190. 	§ Nicholson's Journal, xxxv. 1' .. 
H Phil. Trans. 1771, p. 114. 	#* Aim. de Chim. xiii. 280. 
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oxide. 	Proust published a valuable set of experiments on chap. 111. 
' 	it in 1805 in his paper on tin." 	According to him it is a 
'qmbination of sulphur and an oxide of tin, containing less 
015,Vetz,than the proxide above described. 	This opinion 
was rectified in 1g-i2 by Dr. John Davy, who demonstrated 
that this.snbstance is a compound of tin and sulphur,t and 
'thus restored the old chemical theory. 	Berzelius has also 
examined this compound, and has come to a similar conclu- 
sion.$ 	Hence there can be no doubt that it is really a 
sulphuret of tin. 

Mosaic gold when pure is in the form of light scales 
which readily adhere to other bodies and which have the 
colour of gold. 	'When heated it gives out a portion of sul- 
phur and is converted into common sulphuret ofotin. 	It is 
insoluble in water and alcohol and is not acted upon either 
by muriatic or nitric acids. 	But when nitromuriatic acid is 
boiled on it we' gradually decompose and dissolve it. 	Po- 
tash ley dissolves it when assisted by heat. 	The solution 
Las a green colour. 	When an acid is poured into the solu- 
tion a yellow powder is precipitated, which according to 
Pi-oust is a hydrosulphuret of tin. 	Mosaic gold according 
to the analyses of John Davy and Berzelius is composed as 
follows: 

• Tin. 
John Davy 	 100 + 56'25 sulphur. 
Berzelius* 	 100 + 52.3 

If we suppose it a compound of 1 atom tin + 2 atoms sul-
phur, its composition will be 

Tin 	 100   7'375 
Sulphur .... 	51'2   .. 4 

Now this is exactly the mean of the two preceding analyses. 
3. Berzelius believes in the existence of another sulphuret 

of tin containing 1 y times the quantity of sulphur in the 
protosulphuret. 	But I have no doubt that the compound 
described by him, which I have myself obtained many 
years ago while engaged in preparing mosaic gold, 	is 
tnerely a mixtur.?, of protosulphuret and persulphnret, or in 

1 other words a persulphuret partially decomposed. 
VIII. Tin and arsenic may be alloyed by fusion. 	The 

i) 
Alloys with 
arsenic. 

!I Nicholson's Journal, xiv. 42. 	t Phil. Trans. 1812, p. 199. 
4 Nicholson's Uournal, xxxv. 165. 
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Book I. alloy is white, harder, and more sonorous than tin, and ' 
Division II. brittle, unless the proportion of arsenic be very small. 	An 

alloy, composed of 15 parts of tin and one of arsenic, crys; 
tallizes in large plates like bismuth ; his more brittle,L an 
zinc, and more infusible than tin. 	T4,e arsenic may be 
separated by long exposure of the alloy to heat i4i the open 
air.* 

%—v--)  

Potassium. IX. Tin and potassium are easily alloyed by heating them 
together. 	A weak light is emitted at the instant of combi- 
nation. 	The alloy is brittle, not so white as tin, and pretty 
fusible. 	It is speedily destroyed either in the air or under 
water by the conversion of the potassium into potash.f 

Sodium. During the combination of sodium and tin no light is dis- 
engaged. 	This alloy possesses similar properties as the 
alloy of tin and potassium, but it is less fusible than tin.$ 

X. We are unacquainted with the alloys which tin forms 
with the metallic bases of the alkaline earths and earths 
proper. 

Iron. XI. Tin does not combine readily with iron. 	An alloy, 
however, may be formed, .by fusing them in a close crucible, • 
completely covered from the external air. 	We are indebted 
to Bergman for the most precise experiments on this alloy. 
When the two metals were fused together, he always ob-
tained two distinct alloys : the first, composed of 21 parts 
of tin and 1 part of iron; the second, of 2 parts of iron 
and 1 part of tin. 	The first was very malleable, harder 
than tin, and not so brilliant ; the second but moderately 
malleable, and too hard to yield to the knife.§ 

Tin platd. The formation of tin plate is a sufficient proof of the affi- 
nity between these two metals. 	This very useful alloy, 
known in Scotland by the name of white iron, is formed by 
dipping into melted tin thin plates of iron, thoroughly 
cleaned by rubbing them with sand, and then steeping them 
24 hours in water acidulated by bran or sulphuric acid. 
The tin not only covers the surface of the iron, but pene- 
trates it completely, and gives the whole a white colour. 	It • 
is usual to add about iii,th of copper to the tin, to prevent 
it from forming too thick a coat upon the iron.II 

. Bayen. 
t Gay-Lussac and Thenard; Recherches Physico-chimiques, i. 22Q. 
I Ibid. p. 240. 	 § Bergman, iii. 471. 
H See Watson's Chem. Essays, iv. 191. 
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XII. The alloy of tin and cobalt is of a light violet CO— 

lour, and formed of small grains. 
Chap. Ift, 
—v--1  

41.-XIII. Tin and zinc may be easily combined by fusion. Zinc. 
Th4alloy is much baler than zinc, much stronger than 
fin, and still ductile. 	This alloy, it is said, is often the prin- 
cipal ingredient in the compound called pewter. 

IIV. Bismuth and tin unite readily. 	A small portion 
of bismuth increases the brightness, hardnc4s, and sonorous- 
ness of tin : it often enters into the composition of pewter, 
though never in Britain. 	EqUall'parts of tin and bismuth 
form an alloy that melts at 2800 : eight parts of tin and one 
of bismuth melt at 390°: two parts of tin and one of bis-
inuth at 330°.* 

Bismuth. 

XV. When eight parts of bismuth, five of lead, and three 
of tin, are melted together, a white coloured alloy is ob-
tained, which melts at the temperature of 212°, and there-
fore remains melted under boiling water. 

XVI. Lead and tin may be combiri6d in any proportion 
by fusion. 	This alloy is harder, and possesses much more 
tenacity than tin. 	Musthenbroeck informs us that these 
qualities are a maximum when the alloy is composed of 
three parts of tin and one of lead.. The presence of the tin 
seems to prevent in a great measure the noxious qualities of 
the lead from becoming sensible when food is dressed in 

Lead. . 

'vessels of this mixture. 
This mixture is often employed to tin copper vessels, and 

the noxious nature of lead having raised a suspicion, that 
such vessels when employed to dress acid .food, might prove 
injurious to the health, Mr. Proust was employed by the 
Spanish government to examine the subject. 	The result of 
his experiments was, that vinegar and lemon juice, when 
boiled long in such vessels, dissolve a small portion of tin, 
but no lead, the presence of the former metal uniformly pre- 
venting the latter from being acted on. 	The vessels of 
course are innocent.t 	The specific gravity of this alloy in- 
creases with the lead, as might be expected. 	Hence the 
proportion of the two metals in such alloys may be estimated 
nearly from the specific gravity, as will appear from the 
following table, drawn up by Dr. Watson from his own 

s„experiments.f 
4.), 	 . 

. '. Dr. Lewis, NeuRan's Chem. p. lit • 
p Inn. de Chim. lvii. '73. 	/ Chemical Essays, iv. 165. 
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SIMPLE COMBUSTIBLES. 

Book I. 	 Tin. 	Lead. 	Sp. gray. 
Division II. 	 0  	100  	11.270 
--N.,---d  

	

100  	0  	7.170 

	

32  	1 	. , .. 	7'321 

	

16  	1  	7'438 
S  	1  	7%560 
5 	- 	1  	'7'645 	• 
90  	1  	7'910 
2  	1  	8'160 
1   • 	1  	8'817 

Pewter. 	What is called in this country ley pewter is often scarcely 
any thing else than this alloy.* 	Tinfoil, too, almost always 
is a compound of tin and lead. 	This alloy, in the propor- 
tion of two parts of lead and one of tin, is more soluble than 
either of the metals separately. 	It is accordingly used by 
plumbers as a solder. 

SECT. IV. 

OF .COPPER. 

IF 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 dis-
covered, copper was the principal ingredient 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. 

Properties 	1. This metal is of a fine red colour, and has a great deal 
of copper. 	of brilliancy. 	Its taste is styptic and nauseous; and the 

hands, when rubbed for some time on it, acquire a peculiar 
and disagreeable odour. 	, 

* There are three kinds of pewter in common use; namely, plate, trifle, 
and ley. 	The plate pewter is used fur plates and dishes; the trifle 
chiefly for pints and quarts; and the ley metal for wine measures, &à 
Their relative specific gravities 	are as fullows : 	Plate, 7.248; 	tat 
7.359 ; ley, 7.963. 	The best pewter it said to ponsist of 100 tin: ,,d 
17 antimony. 	See Watson's Chemical Essays, iv. 167. 
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2. It is harder than silver. 	Its specific gravity varies ac- Chap. III. 
‘—v ' cording to its state. 	Lewis found the specific gravity of the 	---d  

finest copper he could procure 8'830.* 	Mr. Hatchett 
fouii the finest grantr71: ted Swedish copper 8'895.t 	It is 
Plrobable that the specimens which have been found of in- 
fericr gravity were not quite pure.$ 	Cronstedt states the 
specific gravity of Japan copper at 9•000.§ 

S. Its malleability is great: it may be hammered out into 
leaves so thin as to be blown about by the slightest breeze. 
Its ductility is also considerable. 	Its tenacity is such that 
a copper wire 0'078 inch in diameter is capable of support-
ing 302.26 lbs. avoirdupois without breaking.I1 

4. When heated to the temperature of 27° Wedgewood, 
or, according to the calculation of Mortimer,'* to 1450°  
Pohrepheit, it melts; and if the heat be increased, it eva- 
porates in visible fumes. 	While in fusion it appears on 
the surface of a bluish green, nearly like that of melted 
gold.- t 	When allowed to cool slowly, it assumes a crys- 
talline form. 	The Abbe Mongez, to whom we owe many 
valuable experiments on the crystallization of metals, ob-
tained it in quadrangular pyramids, ofteneinserted into one 
another. 

II. Copper is not altered by water : It is incapable of Oxides. 
decomposing it even at a red heat, unless air have free ac- 
cess to it at the same time; in that case the surface of the 
Metal becomes. oxidized. 	Every one must have'remarked, 
that when water is kept in a copper vessel, a green crust of 
verdigris, as it is called, is formed on that part of the vessel 
Which is in contact with the surface of the water. 

* Neuman's Chemistry, p. 61. 	Fahrenheit had found it 8.834. Phil. 
Trans. 1724, vol. xxxiii. p. 114. 

t On the Alloys of Gold, p. 50. 	It would have been heavier had it 
been hammered or rolled. 	Bergman states the specific gravity of Swe- 
dish copper at 91243. 	Opusc. ii. 263. 

I The following are the results of Mr. Hatchett's trials : 
Finest granulated Swedish copper, 8.895 
Do. Swedish dollar do 	 8•799 	• 
Do. sheet British do. 	 8785 
Fine granulated British do. 	 8'607 

§ I have had an opportunity of taking the specific gravity of Chinese 
l9pper, and found it the same as European. 	Hence I am inclined to 
l'-.1spect that Cronstedt's number is inaccurate. 

Ii  cickengen, Ann. de Chim. xxv. O. 	" Phil. Trans. xliv. 672. 
tl' . )r, Lewis, Neutnan's Chemistry, p. 61. 
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Book T. When copper is exposed to the air, its surface is gradually 
Division II. tarnished; it becomes brown, and is at last covered with 8 
oxides. dark green crust. 	This crust consists of oxide of cop'per 

combined with carbonic acid gas. 	At the commoncten- 
perature of the air, this oxidizement of copper goes on bitt 
slowly; but when a plate of metal is heated red hot. it is 
covered in a few minutes, with a crust of oxide, which sepa-
rates spontaneously in small scales when the plate is dlowed 
to cool. 	The copper plate contracts considerably on cool- 
ing, but the crust of oxide contracts but very little; it is 
therefore broken to pieces and thrown off; when the plate 
contracts under it. 	Any quantity of this oxide may be ob- 
tained by heating a plate of copper and plunging it alter- 
nately in cold water. 	The scales fall down to the bottom of 
the water. 	When copper is kept heated below redness, its 	• 
surface gradually assumes beautifully variegated shades of 
orange, yellow, and blue. 	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 being exhibited 
in combination with more than two doses of oxygen. 	The 

• 

protoxide is found native of a red colour, but when formed 
artificially it is a fine orange; but the peroxide is black, 
though in combination it assumes various shades of blue, 
green, and brown. 

Frotoxide. 1. The protoxide of copper was first observed by Proust; 
but we are indebted to Mr. Chenevix, who found it native 
in Cornwall, for the investigation of its properties. 	It may 
be prepared by mixing together 57.5 parts of black oxide of 
copper, and 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 a mortar, and put with muri- 
atic acid into a well-stopped phial. 	Heat is disengaged, 
and almost all the copper is dissolved. 	When potash is 
dropped into this solution, the oxide of copper is precipitated 
orange. 	But the easiest process is to dissolve any quantit, 
of copper in muriatic acid by means of heat. 	The gr,: ,t1 
liquid thus obtained is to be put into a vial, together with 
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tome pieces of rolled copper, and the whole is to be corked Chap. III. 
'ap closely. 	The green colour gradually disappears; the 
liquid becomes dark brown and opaque; and a number of 
dirtywhite crystals, like_rains of sand, are gradually depo- 
kited. 	When this liquid, or the crystals, are thrown into 
a solution of potash, the orange coloured oxide precipitates 

' -"Y"—I  

In abundance. 	According to the experiments of Chenevix 
this oxide is composed of 100 copper + 13 oxygen.* 	But 
Berzelius who examined it more lately with scrupulous ac-
curacy obtained as a result,t 

Copper 	 100 
Oxygen  	12'5 

If we suppose it a compound of 1 atom copper -1- 1 atom 
oxygen, then an atom of copper will weigh 8, and protoxide 
bf copper is composed of 

Copper 	 8 
Oxygen 	 1 	') 

-2. The peroxide of copper is easily procured pdre 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 liftle metallic copper upon their under sur-
face; but when kept for some time red hot in an open vessel, 
they become black, and are then pure peroxide of copper. 

Peroxide. 

The same oxide may be obtained by dissolving copper in 
Aulphuric or nitric acid, precipitating by means of potash, 
and then heating the precipitate sufficiently to drive off any 
'water which it may retain. 	This oxide is a tasteless black 
Powder without any lustre. 	It dissolves in acids without 
effervescence, and forms green or blue coloured solutions 
according.  to the acid. 	This oxide according to the analy- 
%es of Proust t is composed of 	- 

Gopper 	 100 
Oxygen  	25 

The analysis of Berzelius § agrees precisely with this. 	It 
Is obvious therefore that it is a compound of 1 atom copper 
and 2 atoms oxygen, or it consists of 

Copper 	 8 	 100 
Oxygen 	 2  	25 

:} • Phil. Trans. 1806, p. 227. 
I Ann. de Chilli. xxxii. 26. 

t Ann. de Chico. lxxviii. 107. 
Ibid. lxxviii. 107. 
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Book I. The oxides of copper are easily reduced to the metallic 
Division II. 
‘.....-„,—..) state when heated along with charcoal, oils, or other fatty 

bodies; and even with some of the metals, especially zige, 
III. When copper filings are iatroduced into chorine 

gas they take fire, a fixed yellowish substance is formeil 
while a portion sublimes in the state of a yellowish brown 
powder. 	The first of these compounds is a protochloride of 
copper; the second a perchloride. 

1rotochlo- 1. The protochloride may be formed by heating
,
a mix- 

ride. ture of two parts of corrosive sublimate and one part of 
copper. 	Boyle obtained it in this way and published ad ac- 
count of it in 1666 in his treatise on the origin of forms and 
qualities.* under the name ,of rosin of copper. 	Proust ob- 
tained it by mixing protomuriate of tin with a solution of 
copper in muriatic acid. 	He procured a white salt td 
which he gave the name of muriate of coppent 	Chenevill 
found afterwards that this salt is formed when equal weights 
of black oxide of copper, and copper in powder, are mixed 
together and then acted upon by muriatic acid in a close 
vessel.$ 	Proust obtained it likewise by distilling green mud 
riate of copper. A greyish mass remained in the retort, which 
was protochloride of copper. 	It is obtained also when a plate 
of copper is plunged into a bottle filled with green muriate 
of copper. The green colour gradually disappears and small 
white crystals are deposited, which consist of protochloride 
of copper. § 

Protochloride of copper when pure has an amber colour 
and a certain degree of translucency. 	It melts at a heat 

- just below redness. 	In close vessels it is not decomposed 
nor sublimed by a strong red heat, but in the open air it i5 
dissipated in white fumes. 	It is insoluble in water. 	But 
dissolves in nitric acid without effervescence. 	In muriatie 
acid it dissolves without effervescence, and is precipitated 
again unaltered by water. 	Potash throws down protoxide 
of copper. 	According to the analysis of Dr. John Davy, I 
it'is composed of 

Copper 	 64 	.. .. 	100 	• . . • 8 
Chlorine .. 	 36 	.... 	56•251 	• 6 • • 4•5 

* Shaw's Boyle, i. 252, 255. 	t Arm. de Chim. xxviii. 21? 1-  Phil. Trans. 1801, p. 237. § Jour de Phys. li. 181. Phil. Trans. 1812, p. 110. 
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Thus we see that it is a compound of 1 atom chlorine 4- Chap. III. 
1 atom copper. 	 s—..v......•  

2. The perehloride of copper may be obtained by evapo- Perchlo-
tatiir the green mur;.ate to dryness in a temperature not ride. 

t' ..:‹ceeding 400°. 	It has a brownish yellow colour and is 
pulverulent. 	When exposed to the .air it absorbs moisture, 
anti becomes first white and then green. 	Heat decomposes 
it driNing off a portion of the chlorine and converting it 
into protochloride. 	According to the analysis of Dr. John 
Davy* it is composed of 

sk 
Copper .. .. 47 	.. .. 	100 
Chlorine 	.. 	53 	... . 	112'76 	.. .. 	9'02 	. 

Thus we see that the perchloride of copper is a compound of 
1 atom copper and 2 atoms chlorine. 

IV. Copper may be combined with iodine by heating the Iodide. 
two substances together. Analogy would lead us to suppose 
that two iodides of this metal exist. , But no experiments 
have hitherto been made on the subject. 	The only iodide 
known is of a dark brown colour. 	It may be obtained by 
dropping a hydriodate of potash into a solution of copper 
in an acid. 	This iodide is insoluble in water. 	It is proba- 
bly a compound of 1 atom copper + 1 atom iodine, or of 

• Copper 	8 
Iodine     15'625 

V. We do not know the action of fluorine on copper. 
Copper does not combine, so far as is known, with azote, 
hydrogen, carbon, boron, or Eilicon. 

VI. Mr. Pelletier formed phosphuret of copper by melting Phosph., 
together 16 parts of copper, 16 parts of phosphoric glass, ret. 
and 1 part of charcoal.- 	Al-s.rgraff was the first person. 
Who formed this phosphuret. 	His method was to distil 
phosphorus and oxide of copper together. 	It is formed 
'Bost easily by projecting phosphorus into red hot copper. 
It is of a white colour ; and, according to Pelletier, is com- 
posed of 20 parts of phosphorus and 80 of copper.$ 	This 
phosphuret is harder than iron. 	It is not ductile, and yet 
cannot easily be pulverised. 	Its specific gravity is 7.1220. 
It crystallizes in four sided - prisms.§ 	It is much more fusi. 

* Phil. Trans. 1812, p. 170. 	-I- Ann. de Chim. i. 74. 
Z Ann. de Chim, Kill. 3. 	6 Sage, Jour. de Phys. xxxviii. 468, 
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Boo& I. ble than copper. 	When exposed to the air, it loses lig 
Division ii• lustre, becomes black, falls to pieces; the copper is oxidated, 

and the phosphorus converted into phosphoric acid. 	Whfm ' 
heated sufficiently, the phosphorusthurns, and leave%, ihe 
copper under the form of black scorim.' 	 ct. 

"—v-1  

Sage has shown that this compound does not easily part 
with the whole of its phosphorus, though frequently melted, 
but retains about a twelfth. 	In this state it may be consi- 
dered as a sub-phosphuret. 	It is more fusible than copper, 
and has the hardness, the grain, and the colour of steel, and 
admits of an equally fine polish.t 	 • 

Sulphuter. VII. When equal parts of sulphur and copper are strati-
fied *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 colour, and much 
more fusible than copper. 	The same compound may be 
formed by mixing copper filings and sulphur together, and 
making them into a' paste with water, or even by merely 
mixing them together without any water, and allowing 
them to remain a sufficient time exposed to the air, as I. 
have ascertained by experiment. 

If 8 parts by weight of copper filings, mixed with 3 parts 
of flowers of sulphur, be put into a glass receiver, and placed 
upon burning coals, the mixture first melts, then a kind of 
explosion takes place; it becomes red hot; and when taken 
from the fire, continues to glow for some time like a live 
coal. 	If we now examine it, we find it converted into sul- 
phuret of copper. 	This curious experiment was first made 
by the associated Dutch chemists, Dieman, Troostwyk, 
Niewland, Bondt, and Laurenburg, in 1793.$ 	They found 
that the combustion succeeds best when the substances are- 
mixed in the proportions Mentioned above ; that it suc- 
ceeds equally, however pure and dry the sulphur 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. 	It 
is not easy to determine the composition of this sulphuret by 
directly combining copper and sulphur., 	It ivould seem 
that the copper unites with a portion of oxygen as well as 

• Fourcroy, vi. 252. 	 t Nicholson's Jour. ix. 268. 
I Jour. de Min. No. ii.. 85. 

S 
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Au1phur, which makes the increase of weight greater than it Chap. III. 

„,ought to be. 	The following are the most accurate experi- 1 /4—N.,----1  
'Ingots' hitherto made on this compound: 	. 

4'3 Copper. 	Sulphur. 	Copp. 	Sulplik. 
a Proust *   78 	+ 22 	or 	8 + 2'25 

Vauquelint 	 78*69 + 21.31 	8 + 2.166 . . 
ISerzelius $   10 	+ 	2.56 	8 + 2'048 
We) see that the sulphuret of copper is a compound of 

1 atom metal + 1 atom sulphur. 	Berzelius' experiment 
comes the nearest to the truth ; though the augmentation 
of weight is about 24. per "cent. greater than it ought to have 
been. 

VIII. Copper may be combined with arsenic by fusing Alloys with 
them together in a close crucible, while their surface is 
covered with common salt to prevent the action of the air, 
which would oxidize the arsenic. 	This alloy is white and 
brittle, and is used for a variety of purppses ; but it is usual 
to add to it a little tin or bismuth. 	It is known by the 
halms of white copper and white tombac. 	When the quan- 
tity of arsenic is small, the alloy is both ductile and mal-
leable.§ 

arsenic' 

. 

IX. Davy ascertained the fact that copper may be alloyed Potassium. 
With potassium and sodium, and that the alloys formed 
decompose water. 	But their properties have not been par- 
ticularly investigated. 

Vie are not acquainted with the alloys which copper 
forms with the metallic bases of the alkaline earths and 
earths proper. 

X. Iron may be united to copper by fusion, but not Iron. 
Without considerable difficulty. 	The alloy has been applied 
to no use. 	It is of a grey colour,  has but little ductility, and 
is much less fusible than copper. 	Thenard has ascertained, 
that it is attracted by the magnet, even when the iron con- 
stitutes only . 7 t1 	of the alloy. II 	Mi. Levavasseur has 
Published some observations, which render it probable that 
the variety of iron called hot short iron, because it is brittle 
when red-hot, 	sometimes owes its peculiarities 	to 	the 

• Ann. de Chim. xxxviii. 172.. 
f Ann. du Mus. d'I-Iist. Nat. xvii. 16. 

. 'it A. de Chim. lxxviii. 105. 	§ Neumaa's Chem. p. 144. 
• 'll Ann. de Chim. 1. 131. 

vox,. I. 	 2 0 
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	 SIMPLE COMBUSTIBLES. 

Book I. presence of copper. 	This variety possesses a greater degreC 
Division II. of ., tenacity••  than common iron, and therefore answers better 

for some purposes. 	It may be hammered when white hot. 
As soon as it cools, so far as to asseme a brown colour, the 
forging must be stopped till it. becomes of an obscure cherr: 
red, and then it may be continued till the iron is quite cold.* 

Nickel. XI. With nickel copper forms a white hard brittle alloy, 
easily oxidized when exposed to the air.  

XII. The alloy of copper and cobalt is unknown. 
Manga- 
nese. XIII- 	Manganese unites readily with copper. 	The 

compound, according to Bergman, is very malleable, its 
colour is red, and it sometimes becomes green by age. 
Gmelin made a number of experiments to see whether this 
alloy could be formed by fusing the black oxide of manga-
nese along with copper. He partly succeeded, and proposed 
to substitute this alloy instead of the alloy of copper and 
arsenic, which is used in the arts.t 

XIV. The alloys' of copper with cerium and uranium are 
unknown. 

Zinc. XV. Zinc combines readily with copper, and forms one , 
of the most useful of all the metallic alloys. 	The metals 
are usually combined together by mixing granulated cop-
per, a native oxide of zinc called calamine,. and a ripper 
proportion of charcoal in powder. 	The heat is kept up for 
five or six hours, and then raised sufficiently high to melt 
the compound: 	It is afterwards poured into a mould of 
granite edged round with iron, and cast into plates. 	This 

Brass. compound is usually known in this country by the name of 
• . brass. 	The metals are capable of uniting in various propor- 

tions, and according to them, the colour and other qualities 
of the brass vary also. 	According to Dr. Lewis, who made 
a large set of experiments on the subject, a very small por-
tion. of zinc dilutes the colour of copper, and renders it 
pale; 	when the copper has imbibed one-twelfth of its 
weight the colour 	inclines to 	yellow. 	The yellowness 
increases with the zinc, till the weight of that metal in the 
alloy equals the copper. 	Beyond this point, if the zinc be 
increased, the alloy becomes paler and paler, and at last 

Ann. de Mtn. xlii. 183. 
t Gottingen Comment. 1787, vol. ix. p. 75. 
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white.* 	The proportion, of zinc • imbibed by the copper Chap. III. 
-.varies in different manufactories according to the process, \---v--" 
'04 the purposes to which the brass is to be applied. 	In 
eomA, of the British mt-Dufactories the brass made contains 
dd of its weight of zinc. 	In Germany and Sweden, at 
least if the statements of Swedenburg be accurate, the pro-
portion of zinc varies from 4-th to 4-th of the coppent 

It is obvious that the most intimate and complete alloy 
will consist of 2 parts of copper by weight, and 1+ part of 
zinc, which is equivalent to 1 atom of each metal. 	This is 
Ihitish brass. 	Dutch brass, which answers so much better 
for the purposes of watch-makers, &c. appears to be a com-
pound of 2 atoms copper and 1 atom zinc. 

Brass is much more fusible than copper; it is malleable 
While cold, unless the portion of zinc •be excessive ; but 
When heated it becomes brittle. 	It is ductile, may be 
drawn out into fine wire, and is much tougher than copper, 
according to the experiments of Muschkibroeck. 	Accord- 
1 )g to Gellert, its specific gravity is greater than the mean. 
It varies considerably according to the proportion of zinc. 
Dr. Watson found a specimen of plate brass from Bristol 
ti'44.1 : t while 'Brisson makes common cast brass only 
'7'824. 	Brass may be readily turned upon the lathe, and 
Indeed works more kindly than any other metal. 

When zinc in the metallic state is melted with copper or 
brass, the alloy is known by the names of pinchbeck, prince's 

Pinchbeck. 

'petal, Prince Rupert's metal, &c. 	The proportion of zinc 
Is equally variable in this alloy as in brass; sometimes 
htriounting nearly to one half of the whole, and at other 
limes much less. 	The colour of pinchbeck approaches 
snore nearly to that of gold, but it is brittle, or at least much 
less malleable than brass. 	Brass was known, and very much 
‘'alued, by the ancients. 	They used an ore of zinc to form 
1I., which they called cadmia. 	Dr. Watson has proved that 
It was to brass which they gave the name of orichalcurn.§ 
Their ces was copper, or rather bronzed! 

* Neuman's Chem. p. 65. 	 i' Wasserberg. i. 467. 
1 Chem. Essays, iv.'58. 	§ Manchester Transactions, vol. ii. p. 47. 
II The ancients do not seem to have known accurately the difference 

'etween copper, brass, and bronze. 	Hence the confusion observable in 
t‘ leir names. 	They considered brass as only a more valuable kind of cop- 
z4 *,:,and therefore often used the word as indifferently to denote either. 

2 G 2 
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SIMPLE COMBUSTIBLES. 

Book I. 
Division II. .......v.--) 

XVI. Copper forms with bismuth a brittle alloy of a 
pale red colour, and a specific gravity exactly the mean of - 
that of the two metals alloyed.* 	 Ou 

Lead. XVII. Copper does not unite with melted lead tilt the 
fire is raised so high as to make the lead boil and smok4 
and of a bright red heat. 	'When pieces of copper are 
thrown in at that temperature, they soon disappear. 	The 
alloy this formed is of a grey colour, brittle when colc], and 
of a granular texture.f According to Kraft, it is rarer than 
the mean.* 	The union between the two metals is very 
slight. 	When the alloy is exposed to a Beat sufficient only 
to melt the lead, almost the whole of the lead runs off, and 
leaves the copper nearly pure.§ 	The little lead that remains 
may be scorified by exposing the copper to a red heat. 	If 
the lead that runs off carries with it any copper, on melting 
it the copper swims on the surface, and may be easily 
skimmed off: II 	This alloy is said to be employed sometimes 
for the purpose of making printers' types for very large cha-
racters.** 

Tin. XVIII. Tin unites very readily with copper, and forms 
an alloy exceedingly useful for a great variety of purposes. 
Of this alloy cannons are made: bell metalr bronze, and the 
mirrors of telescopes, are formed of different proportions of 
the. same metals. 	The addition of tin diminishes the ducti- 
lity of copper, and increases its hardness, tenacity, fusibility/ 
and sonorousness. 	The specific gravity of the alloy is 
greater than the mean density of the two metals. It appears 
from the experiments of Mr. Briche, that this augmentation 

• of density increases with the tin; and that the specific gra- 
ft was not till a late period that mineralogists began to make the distinc- 
tion. 	They called copper as cyprium, and afterwards only cypriufflt 
which in process of time was converted into cuprum. 	When these 
changes took place is not known accurately. 	Pliny uses cyprium, lib. 
xxxvi. cap. 26. 	The word cuprum occurs first in Spartian, who lived 
about the year 290. 	He says, in bis life of Caraculla, cancelli ex are 
vel cupro. 	 * Gellert. 

t Lewis, Neuman's Chem. p. 57. 	 I Wasserberg, i. 26'3. 
§ Lewis, Neuman's Chemistry, p.-67. 	This curious mode of separa-

tion is called in Chemistry eliguation. 
II Lewis, Neuman's Chemistry, p. 57. 
** Fourcroy, vi. 266. It has been lately ascertained by Mr. Hatchett, 

that copper cannot be used to alloy gold unless it be free from lead , 
The smallest portion of this metal, though too minute to affect the co,  ,. 
per itself, produces a sensible change on the ductility of gold. 
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'pity, when the alloy contains 100 parts of copper and 16 of Chap. M. 

1.14)3 is a maximum : it is 8•87. 	The specific gravity of equal 
pa.4...ts of tin and copper is 8.79, but it ought only to be 8 ; 
eonitquently the density is increased 0.79.* 	In order to 

'''N'''—' 

' lilix the two metals exactly, they ought to be kept a long 
time in fusion, and constantly stirred, otherwise the greater 
part of the copper will sink to the bottom, and the greater 
Part of the tin rise to 	the surface; 	and there will be 
formed two different alloys, one composed of a great pro- 
Portion of copper combined with a small quantity of tin, the 
Other of a great proportion of tin alloyed with a small 
quantity of copper. 

Bronze and the metal of cannons are composed of from 8 
to 12 parts of tin combined with 100 parts of copper. 	This 
alloy is brittle, yellow, heavier than copper, and has much 
more tenacity ; it is much more fusible, and less liable to be 
altered by exposure to the air. 	It was this alloy which the 
ancients 	used 	for 	sharp-edged instalments 	before the 

Gun metal. 

Olethod of working iron was brought to perfection. 	The 
%woos of the Greeks, and perhaps the (Es of the Romans, 
was nothig else. 	Even their copper coins contain a mix- 
ture  of tin.-1- 

The term brass is often applied to this alloy, though, in 
A strict sense, . it means a compound of copper and zinc. 
Brass guns . are made in no other part of Britain except 
Woolwich. 	The proportion of tin varies from 8 to 12 to 
the 100 of copper; the purest copper requiring the most, 
and the coarsest the. least. 	This alloy is more sonorous 
than iron ; hence brass guns give a much louder report than 
those made of cast iron.I 

Bell metal is usually composql of 3 parts of copper and 1 Bell metal. 
Part of tin. 	Its colour is greyish white; it is very hard, 
sonorous, and elastic. 	The greater part of the tin may be 
separated by melting the alloy, and then pouring a little 
Water on it. 	The tin decomposes the water, is oxidized, 
and thrown upon the surface. 	According to Swedenburg, 
the English bell metal is usually made from the scoriae of 
the brass gun foundery, melted over again.* 	The propor- 

- 
. Jour. de Min. An. v. 881. 

I t See Dize's Analysis, Jour. de Phys. 1790. 
1:" See Watson's Chem. Essays, iv. 12t. 	§ Wasserberg?  i. 262, 

6 
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	 SIMPLE COMBUSTIBLES. 

Book I. tion of tin in bell metal varies. 	Less tin is used for church 
Division IT.  bells than clock bells ; 	and in small bells, as those of - 

watches, a little zinc is added to the alloy.* 	According firo 
Gerbert, the conch of the East Indians is composed lei-  tin 
and copper, in the same proportions as in bell metal.- 	.. 

Mirror 
metal. 

The alloy used for the mirrors of telescopes was empl9yed 
by the ancients for the composition of their mirrors. 	It 
consists of about 2 parts of copper, united to 1 part of tin. 
Mr. Mudge ascertained that the best proportions were 32 
copper to 14.5 of tin; a specimen of an ancient mirror 
analysed by Klaproth was composed of 

62 copper 
32 tin 
8 lead 

109 
• 

But the lead he Considers as, accidental.$ 	This alloy is 
very hard, of the colour of steel, and admits of a fine polish. 
But besides this, there are many other compounds often 
used for the same purpose.§ 

Tinned Vessels of copper, especially when used as kitchen uten- 
copper. sils, are usually covered with a thin coat Of tin to prevent the 

copper. from oxidating, and to preserve the food which is 
prepared in them from being mixed with any of that poison- 
ous metal. 	These vessels are then said to be tinned. 	Their 
interior surface is scraped very clean with an iron instrument, 
and rubbed over with sal ammoniac. 	The vessel is then 
heated, and a little pitch thrown into it, and allowed to 
spread on the surface. 	Then a bit of tin is applied all over 
the hot copper, which instantly assumes a silvery white- 
ness. 	The intention of the previous steps of the process is 
to have the surface of the copper perfectly pure and metallic; 
for tin will not combine with the oxide of copper. 	The coat 
of tin, thus applied, is exceedingly thin. 	Bayen ascer- 
tained, that a pan nine inches in diameter, and three inches 
three lines in depth, when tinned, only acquired an addi- 
tional weight of 21 grains. 	Nor is there any method of 

* Watson's Essays, iv. 132. 	 t Wasserberg, i. 261. 
I Phil. Mag. xvii. 294. 	 1, 

r 

§ See Wasserberg, i. 262., and Watson's Chem. Essays, iv. 139. . 
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making the coat thicker. 	More tin indeed may be applied, Chap. III. 
-,, but a moderate heat melts it, and causes it to run off. 	.......v..../ 
....„ 

,,,_ 

SECT. V. 

OP BISMUTH. 

THE ores of this metal are very few in number, and History: 
occur chiefly in Germany. 	This, in some measure,► ac- 
counts for the ignorance of the Greeks and Arabians, 
neither of whom appear to have been acquainted with bis- 
muth. 	The German miners, however, seem to have dis- 
tinguished it at a pretty early period, and to have given it 
the name of bismuth; for Agricola, in his treatise intitled 
Bermannus, written at least as early as 1529, describes it 
under that name as well known in Germany, and considers 
it as a peculiar metal. 	The miners gave it also the name of 
tectum urgenti ; and appear to have considered it as silver 
beginning to form, and not yet completed.* 	Mr. Pott col- 
lected inglis dissertation on bismuth every thing respecting 
It contained in the writings of the alchymists. 	Beccher 
teems to have.been the first chemist who pointed out some 
of its most remarkable properties. 	Pott's dissertation, pub- 
lished in 1739, contained an account of its habitudes with 
different chemical substances. 	Several additional facts were 
given by Neuman in his chemistry, by Hellot, and Dufay ; 
but Geoffroy, junior, was the first who undertook a com- 
plete series of experiments on it. 	The first part of his 
labours was published in the Memoirs of the French Aca-
demy for 1753; but his death prevented the completion of 
his plan. 	Chemists for some time were disposed to consider 
bismuth as an alloy, but this opinion was gradually laid 
aside. 	Dr. John Davy, in 1812, published a set of careful 
experiments on the compounds which bismuth forms with 
oxygen, chlorine, and sulphur.t 	In 1813, Mr. Lager- 

• lionig's Regnuni Minerale, p. 80. 	Even so late as the end of the 
11th century it was considered as a species of lead. 	There are three 
kinds of lead, says Etmuller ; namely, common lead, tin, and bismuth. 

113ismuth approaches nearest to silver. 	Etmuller's Chemistry, p. 321.  
t Phil. Trans. 11312, p. 169. 
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Book I. hjelm published a set of experiments on its combinations with 
Division 11.  ......v......., oxygen and sulphur.*  
Properties. 1. Bismuth is of a reddish white colour, and aimore 

destitute both of taste and smell. 	It is composed of Ilibad 
brilliant plates adhering to each other. 	The figure of its 
particles, according tq, Bally, is an octahedron, or two 
four-sided pyramids, applied base to base.t 

2. It is rather softer than copper. 	Its specific grayity is 
9.822.1 

S. When hammered cautiously, its density, as Muschen- 
broeck ascertained, is considerably increased. 	It is not, 
therefore, 	very brittle; 	it breaks, however, when struck 
smartly by a hammer, and consequently is not malleable. 
Neither can it be drawn out into wire. 	Its tenacity, from 
the trials of Muschenbroeck, appears to be such that a 
rod --1a-th inch in diameter is capable of sustaining a weight 
of nearly 29 lbs. 

4. When heated ,:.,.o the temperature of 476°,§ it melts; 
and if the heat be much increased it evaporates, and may 
be distilled over in close vessels. 	When allowed to cool 
slowly, and when the liquid metal is withdrawn, as soon as 
the surface congeals, it crystallizes in parallelopipeds, which 
cross each other at right angles. 

II. When exposed to the air, it soon loses its lustre, but 
scarcely undergoes any other change. It is not altered when 
kept under water. 

Combina- 
tion with 
oxy,gn. 

- 

When kept melted in an open vessel, its surface is soon 
covered with a dark-blue pellicle; when this is removed, 
another succeeds, till the whole metal is oxidized. 	When 
these pellicles are kept hot and agitated in an open vessel, 
they 	are soon 	converted into a brownish or yellowish 
powder.  

When bismuth is raised to a strong red heat, it takes fire 
and burns with a faint-blue flame, and emits a yellow smoke, 
as was first observed by Geoffroy. 	When this is collected, 
it is a yellow powder, not volatile, which has been called 
yellow oxide of bismuth. 	 . 

• Annals of Philosophy, iv. 35T. 
f Jour. de Min. An. v. p. 582, 
/ 13risson and Hatchett. 	According to Berzelius 0.8827. 	• 
§ Irvine, Nicholson's Jour. ix. 46. 	According to Berzelius its fusing 

point is 451r.  
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When bismuth is dissolved in nitric acid, if water be chap. iii. 

`—V✓  poured into the solution, a white powder precipitates, which 
-**0 formerly called magistry of bismuth. 	This powder is Peroxide' 

useiksas a paint, uncles the name of pearl or flake-white. 
J3ucholz has demonstrated that this powder is a compound 
of oxide of bismuth and nitric acid. el 1 he oxide of bismuth is a yellow powder, tasteless, and 
insoluble in water. 	When strongly heated, it melts and 
becomes darker coloured. 	According to Bucholz, it may 
be sublimed at a heat below that which is necessary to fuse 
it. 	Various careful experiments have been made to deter- 
thine the composition of this oxide. 	The following table 
exhibits the results obtained : 

Bucholz and Klaproth* 	 100 metal + 12 oxygen 
John Davy t 	 100 .... + 11.111 
Lagerhjelm $   100 .... + 11.275 
Thomson . 	  100 	+.11.3 

. These experiments all approach very near each other. 	I 
am disposed to consider Lagerhjelm's results as nearest the 
truth, because he was at the pains to free the bismuth on 
which hr Aerated from a small quantity of iron with which 
it is usually contaminated. 	Let us then consider 100 bis- 
nuth as oxidized by uniting with 11.267 oxygen, which 

agrees very nearly with the determination of Lagerhjelm. 
On that supposition the weight of an atom of bismuth will 
be 8'875. 	its oxide will be composed of 

Bismuth .. 8'875 	 100 
Oxygen .. 1  	112672 

The weight of an atom of it will be 9.875. 
Bismuth is sometimes used il, the process of cupellation 

instead of lead. 	It was first proposed for that purpose by 
lufay in 1727, and his experiments were afterwards con- 
firmed by Pott. 	This oxide is easily reduced when heated 
along with charcoal or other combustible bodies; for the 
affinity between bismuth and oxygen is but weak. 

III. Bismuth takes fire when introduced into chlorine Chlorine, 
gas, and forms a Chloride of bismuth. 	This compound has 
been long known under • the name of butter of bismuth. 

,, 	* Klaproth's Beitrage, ii. 294 ; Buchola's Beitrage, iii. 3. 
1 Phil, Trans, 18120  p. 201. 	X 4Lanals of Philo6ophy, iv. 357. 
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Book 1. It is obtained by heating bismuth with corrosive sublimate. 
Division II. 

1/4.-„,...—) By keeping it in fusion for an hour or.  twos  at a temperature' 
below the boiling point of mercury, that metal gradurq 
subsides, and leaves the chloride a bismuth pure. ,,-*The 
chloride thus 	prepared has a greyish-white 	colour, 	ii 
opaque, and of a granular texture, though not crystallipd. 
It does not sublime when heated to redness in a glass tube 
with a narrow orifice. 	According to the analysis of Dr. 
John Davy,* to whom we are indebted for the preceding• 
facts, this chloride is a compound of 

Chlorine .... 33•6 	 4•5 
Bismuth .. .. 664  . 	 8'89 

This agrees very nearly with the weight of an atom of 
bismuth, as deduced from the oxide. 

Iodide. IV. Iodine readily combines with bismuth by the assist- 
ance of heat. 	The iodide has an orange-yellow colour; 
it is insoluble in water ; but may be dissolved in a solution 
of caustic potash without occasioning any precipitation. 
This iodide has not been analysed, but there can be no 
doubt that it is a compound of 

Iodine 	 15'625  
Bismuth  	8'875 

or of an atom of iodine and an atom of bismuth. 
V. We are ignorant of the action of fluorine on bismuth. 

It does not combine with azote nor with hydrogen. 	No 
compound of bismuth with carbon, boron, or silicon, is 
known. 	Neither does it seem capable of combining in any 
notable proportion with phosphorus. 	Mr. Pelletier at- 
tempted to produce the phosphuret of bismuth by various 
methods without success. 	%Then he dropped phosphorus,. 
however, into bismuth in fusion, he obtained a substance 
which did not apparently differ from bismuth, but which)  
when exposed to the blowpipe, gave evident signs of con- 
taining phosphorus.i. 	This substance, according to Pelle- 
tier, did not contain above four parts in the hundred of 
phosphorus, and even this small portion seems only to have 
been mechanically mixed. 

Sulphuret. . VI. Sulphur combines readily with' bismuth by fusion, 

* Phil. Trans. 1812, p. 190. 	 t Ann. de Chin. xiii. 
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The sulphuret of bismuth is of a bluish-grey colour. 	It Chap. III. 
:crystallizes in beautiful tetrahedral needles, 	which cross —v'-1  
ellIkti other. 	It is very brittle and fusible, and bears a 
strong resemblance to s.,•:,.lphuret of antimony, but is rather 
brighter coloured. 	One hundred parts of bismuth, accord- 
ing.to Wenzel's experiments, unite by fusion to 17.5 of 
sulphur. 	According to the experiments of Vauquelin,* 
bismuth combines with sulphur in the following proportion: 

Bismuth .... 68.25 	 100 • 
Sulphur .... 3115 	46'52 

100'00 
According to Dr. John Davy,t sulphuret of bismuth is 

composed of 
Bismuth 	 67.5 	 100 
Sulphur 	 15'08 	2211 

According to Lagerhjelm4 its constituents arc 
Bismuth .... 100 	, 
Sulphur .... 	22.52 

-i-v; We 'See from these experiments that bismuth combines 
With two proportions of sulphur. 	The sulphuret of John 
Davy and Lagerhjelm is a compound of 1 atom bismuth 
and 1 atom sulphur. 	The sulphuret of Vauquelin is a 
bisulphuret, containing 1 atom bismuth and 2 atoms sul-
phur. 

SECTI  VI. 

OF MERCURY. 

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 itg white and similar to that of silver; hence  
the names hydrargyrumi  argenturn vivum, quicksilver, by 

1  Atm. du Mus. d'Hist. Nat. xv. 9. 

Properties. 

,f Phil. Trans. 1812, p. 201. 	1 Annals of Philosophy, iv, 357. 
1 
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Book I. which it has been known in all ages. 	It has no taste nor 
Division IT. 
...—The.—, 

smell. 	It possesses a good deal of brilliancy; and, when' 
its surface is not tarnished, makes a very good mirror. 1--  , 2. Its specific gravity is 13'568.4 	 4-6- 

When in a solid state its density is increased ; its specific 
gravity, according to the experiments of Schulz, lving 
14'3914. according to the experiments of Mr. Biddle 
14.4654 	 • 

Point of 3. At the common temperature of the atmosphere it is 
congela- 
ton. always in a state of fluidity. 	In this respect it differs from 

all other metals. 	But it becomes solid when exposed to a 
sufficient degree of cold. 	The temperature necessary for 
freezing this metal is — 39°, as was ascertained by the ex- 
periments of Mr. Hutchins § at Hudson's Bay. 	The con- 
gelation of mercury was accidentally discovered by Professor 
Braun at Petersburgh in 1759. 	Taking the advantage of a 
very severe frost, he plunged a thermometer into a mixture 
of snow and salt, in'brder to ascertain the degree of cold 
thereby produced. 	Observing the mercury stationary, even 
after it was ressayed from the mixture, he broke the bulb 
of the thermometer, and found the metal frozen into a solid 
mass. 	This experiment has been repeated very olit'a since, 
especially in Britain. 	Mercury contracts considerably at 
the instant of freezing; a circumstance Which misled the 
philosophers who first witnessed its congelation. 	The mer- 
cury in their thermometers 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 
was enabled to ascertain the real freezing point of the metal. 

4. Solid mercury may be subjected to the blows of a 
hammer, and may be extended without breaking. 	It is 
however malleable ; but neither the degree of its mallea- 
bility, nor its ductility, nor its tenacity, have been ascer- 
tained. 

1,  Cavendish and Brisson. 	The specific gravity Varies considerably 
like 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). 	I have found it 13.4228.  
t Gehlen's Jour. iv. 434. 	 X Phil. Mag. xxx. 134. 
§ Phil. Trans. 1783, p. 303. 	See also Mr. Cavendish's observations. 

ma Mr. Hutchins's experiments in the same volume of the Transactions: 
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5. Mercury boils when heated to 656°.* 	It may,. there- Chap. III. 

, fore, be 'totally evaporated, or distilled from one vessel into --v--d 
• ittpther. 	It is by distillation that mercury is purified from 

bariouss metallic bodies yith which it is often contaminated. 
int g  

The vapour of mercury is invisible and elastic like common 
air : like air, too, its elasticity is indefinitely increased by 
heal, so that it breaks through the strongest vessel. 	Geoff- 
roy, at the desire of an alchymist, inclosed a quantity of it 
in an iron globe strongly secured by iron hoops, and put the 
apparatus into a furnace. 	Sobn after the globe became red 
hot, it burst with all the violence of a bomb, and the whole 
of the mercury was dissipated.t 

II. Mercury is not altered by being kept under water. Oxides. 
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,7in a large bottle full 
pf air. 	By either of these processes the metal is converted 
into an oxide: by the last, into a black-coloured oxide ; and 
by the first, into a red-coloured oxide. 

• 

Thefiniides of mercury are two in number. 
1.-The protoxide was first described with accuracy by Protoxiclr, 

Boerhaave. 	He formed it by putting a little mercury into 
a bottle, and tying it to the spoke of a mill-wheel,I 	By 
the constant agitation which it thus underwent, it was con-
verted into a black powder, to which he gave the name of 
ethiops per se. 	It is a black powder without any of the 
metallic lustre, has a coppery taste, and is insoluble in 
Water. 	When calomel is digested in an alkaline ley, a 
black powder is likewise obtained. 	This black powder has 
been hitherto considered as inCitoxide of mercury; but M. ' 
Guibourt affirms that it contains globules of running mer-
cury, visible by means of a glass, and even to the naked 
eye when the metal is subjected to a strong pressure.§ 
Various experiments have been made to determine the corn- 

* Crichton, Phil. Mag. xiv. 49. 	According to Heinrich the boiling 
Point is 6584°. 	Schweieger's Journal, i. 214. 

t Macquer's Chemistry. 
1 This experiment was first made by Homberg in 1699. 	He attached 

a bottle holding some mercury to the clapper of a mill. 	Martyr's 
` Abridg. of the Par. Mem. vol. I. 	§ Ann. de Chun. et Phys. i. 422. 
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Book I. position of this made. 	The most accurate appear to be 
Division 	 . ‘.......v...-.0 those  of Seftstrom;* according to whom it is a compound, 

of 
Mercury .. 100 
Oxygen .. 	3.99 	 ..- 

We may, without any sensible error, consider it 	s a 
compound 100 mercury + 4 oxygen. 	Supposing it to 
consist of 1 atom mercury and 1 atom oxygen, an at' m of 
mercury will weigh 25, and an atom of protoxide of mer-
cury 26. 

Red oxide. 2. When mercury, or its protoxide, is exposed to a heat 
of about 6000, it combines with additional oxygen, assumes 
a red colour, and is converted into a peroxide. 	This oxide 
may be formed two different ways : 1. By putting a little 
mercury into a flat-bottomed glass bottle or matrass, the 
neck of which is drawn out into a 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 : 6'14.  nt 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 obtained, 	was formerly 
called precipitate per se. 	2. When mercury is dissolved in 	, 
nitric acid, evaporated to dryness, and then exposed to a 
graduated heat, it assumes a brilliant scarlet colour. 	The 
powder thus obtained was formerly called red precipitate, and 
possesses exactly the properties of the oxide obtained by 
the former process.t 

This oxide has an acrid and disagreeable taste, possesses 
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 ingredients. 	Wheh heated along 
with zinc or tin filing, it sets these metals on fire. 	Accord- 

. 
• Annals of Philosophy, iii. 355. 	 • 
t See a description of the method of manufacturing this oxide, by ,  

Paysse, Ann. de Chim. li. 202. 	 . 

   
  



MERCURY. 	 463 

'jag to the experiments of $eftstrom,* which I consider as Chap. III. 
the most accurate, this oxide is composed of ....--.v,—...) 

Mercury .. .. 	 100 	• 
Oxygen  	7.99 

It contains, therefore, exactly twice as much oxygen 
as 2he protoxide. 	Of course it is a compound of 1 atom 
mercury and 2 atoms oxygen. 

III? Mercury takes firt when introduced into chlorine gas 
and heated. 	It is capable of combining in two proportions 
with chlorine, and offorMing two chlorides which have been 
long known. 	The protochloride is usually called calomel, 
and the perchloride corrosive sublimate. 

Chlorides. 

It would occupy too much room to give a detail of the 
very numerous experiments that have been made upon these 
chlorides. 	Their composition was first established by Sir 
tlumphry Davy. 

1. Perchloride ofmercury is usually denominated corrosive 
sublimate, or corrosive muriate of mercury. 	The original dis- 
coverer of it is unknown. 	It is mentioned by Avicenna, 
who died before the middle of the eleventh century; and 
was even,..1..:nown to Rhases, who lived in the century before 
hint - 'Tile Chinese have been acquainted with it also for a 
long time. j- 	The alchymists appear all to have been ac- 
quainted with it, and to have reckoned it among their 
secrets; and some of them, Albertus Magnus for instance, 
describe it with a good deal of precision. 	Bergman has 
enumerated no less than 14 different processes recommended 
by chemists for preparing it; and since that time several 
new methods have been proposed. 

Perchla-
ride. 

1 	The process most commonly followed is to mix together Prepara. 
equal parts of dry pernitrato of mercury, 	decrepitated 
common salt, and calcined sulphate of iron. 	One-third of 
a matrass is filled with this mixture; the vessel is placed in 
a. sand-bath, and gradually heated to redness. 	When the 
apparatus is cold, corrosive sublimate is found sublimed in 
the upper part of the matrass. 	Another process, first pro- 
posed by Kunkel, is to expose, in a similar vessel, a mixture 
of equal parts of 'persulphate of mercury and dry common 
salt to a strong heat: corrosive sublimate is equally sub- 

6". 

Annali of Philosophy, iii. 355. 	t Bergman, iv. 281. 
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Book T. _ limed.. It may be formed likewise by passing chlorine gag 
D 	II .sion ...—..v...—/ . into a solution of nitrate of mercury, and evaporating the. 

solution till the salt crystallizes.* 	But it would be tiresoure' 
and useless to enumerate all the different processes. 	fly far 
the most simple, and certainly the best for cheLlipal pur-, 
poses, is to dissolve the red oxide of mercury in mutaatio. 
acid. 	The solution takes place readily, and without the 
disengagement of any gas; and the salt crystallizes sponta; 
neously.t 

Properties. Perchloride of mercury, when obtained by sublimation, 
is in the form of a beautiful white semi-transparent mass, 
composed of very small prismatic needles. 	By evaporation, 
it yields cubes or rhomboidal prisms, or more commonly 
quadrangular prisms with their sides alternately narrower, 
and terminated by dihedral summits.$ 	Its specific gravity 
is 5.1398.§ 	Its taste is excessively acrid and caustic, and it 
leaves for a long time a very disagreeable styptic metallic 
impression on the tongue. 	When swallowed, it is one of 
the most virulent poisons known, producing violent pain, 
nausea, and vomiting, and corroding in a very short time 
the stomach and intestines. II 	It is soluble in about 20 parts 
of cold water. 	Boiling water, according to Mkverl  dis- 
solves half its weight of it. 	According to Wenzel; water 
when boiled over this salt, dissolves very nearly 4-d of its 
weight of it. 	Alcohol, according to Macquer, at the 
temperature of 700, dissolves +ths of its weight, and 100 
parts of boiling alcohol dissolve 88 parts of it. 	It is not 
altered by exposure to the air. 	When heated, it sublimes 
very readily ; and while in the state of vapour, it is exceed-
ingly dangerous to those who are obliged to breathe it. 

It is soluble in sulphuric, nitric, and muriatic acids; and 
may be obtained again by evaporation unaltered. 	It is 
decomposed by the fixed alkalies, and oxide of mercury 
precipitated of a yellow colour, which soon becomes a brick- 
red. 	This decomposition renders corrosive Sublimate a 
useful test for ascertaining the presence of alkalies in solu- 
tion. 	If liquid sublimate be dropped into.a solution con- 

' rourcroy, v. 337. 	t Berthollet, Mem. de l'Instit. iii. 136. 
t Bergman, iv. 295. 	i  § Hassenfratz, Ann. de Chim. xxviii. 11. 
II Hence it was called by the alchymist the dragon.  ** Verwandtschaft, p. 310. 	 • 
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aining the smallest portion. of 'alkali, the brick-red precipi- Chap. III. 
tate appears. 	The alkaline earths also decompose this salt, s"—Nr-- 
'.and ammonia forms with it a triple compound. 	Several of 
'the rutalg or their sulphurets, decompose it also by the 
assistaW'of heat. This is the case in particular with arsenic, 
hisTutii,, antimony, and tin. 	These metals unite with the 
chlorine, and separate the mercury which combines with 
sulphur if it be present. 

Many experiments have been made to determine the com-
position of this salt on the supposition that it is a.compound 
of muriatic acid and red oxide of mercury. 	The following 
table exhibits the most accurate of these results. 

• 
Chenevix. 	Rose.* 	Braamcamp and 	Zaboada.t. Siquiera-Oliva.t 

Muriatic acid 	1'3 	18'5 	18'8. 	19'5 
Peroxide ... 	82 	815 	81.2 	80.5 . 	 . • _ 

100 	100'0 	4.00'0 	100.0 
If we correct these so as to make them correspond with the 
real composition of the perchloride, we.  obtain the following 
/lumbers : 

....-•  , Jr, 	Chenevix. 	Rose. 	Braamcamp and Zaboada. 
• -lc' 	 Siquiera-Oliva. 
Chlorine . : .. 	24.07.... 	24.53.... 	24'81 .... 	25'46 
Mercury .... 	75'93 • • • . 	75.47.... 	75.19.... 	74.54 

100.00 	100.00 	100'00 	100.00 
If we consider corrosive sublimate as a compound of 1 atom 
tnercury + 2 atoms chlorine, its constituents will be 

Chlorine 	9.... 	26'47 
Mercury 	 25,.... 	73.53 

100.00 

We see from this that the analysis of Zaboada is nearest the 
truth, though even he reckons the proportion of mercury ra-
ther too high. 

2. Chloride of mercury is usually distinguished by theP:Lo
id.
toc
c

h- 
names of calomel (Aid mercurius dulcis. 	I am ignorant why  
the original discoverer of. it was. 	It seems to have been 

h Gehlen's Journal, vi. 28. 	 t Ann. de Chim. liv. 124. 
. Jour. de Phys. lx. 383. 

VOL. I. 	 2 it 
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Book I. prepared by the alchymists; yet Crollius, so late as the be- 
Divisi 

‘— 
on IL 

v---1  
ginning of the 17th century, speaks of it as a grand secret 
and mystery : but Beguin made the process public in 16094 -
in his Tirocinium Chemicum, in which he describes the salt 
under the name of draco mitigatus.* 

Prepara. 
tion. 

The processes for preparing it, which are numerous, have .,. 
been described by Bergman. The most usual is to triturate 
four parts of perchloride of mercury with three parts of rum: 
ning mercury in a glass mortar, till the mercury is killed, as 
the apothecaries term it; that is to say, till no globules of 
the metal can be perceived; and the whole is converted into 
a homogeneous mass. 	This mixture is put into a matrass, 
and exposed to a sufficient heat in a sand bath. 	The chlo- 
ride is sublimed; mixed, however, usually with a little per-
chloride, which is either removed by repeated sublimations 
and triturations, or by washing the salt well with water. 

It may be prepared also in the humid way, by a process 
first suggested by Stleele, but corrected by Mr. Chenevix. 

Scheele's method is to form a nitrate of mercury by dis-• 
solving as much mercury as possible in a given quantity of 
boiling nitric acid. 	A quantity of common salt, equal to 
half the weight of the mercury used, is then (1:.c.v1ved in 
boiling water, and the boiling nitrate is cautiously p-oiu:A. 
into it. 	A white precipitate falls, which is to be edulcorated 
with water till the liquid comes off without any taste, and 
then dried upon a filter.- 	Chenevix has shown than in 
order to obtain the chloride by this process quite free from 
all mixture of subnitrate, it is necessary to mix the solution 

• of common salt with some muriatic acid. 
Properties. Chloride of mercury is usually in the state of a dull white 

mass ; but when slowly sublimed, it crystallizes in four-sided 
prisms, terminated by pyramids. 	It has very little taste, is 
not poisonous, but only slightly purgative. 	Its specific gra- 
vity is 7.1758.$ 	It is scarcely soluble, requiring, according 
to Rouelle, 1152 parts of boiling water to dissolve it. 

When exposed to the air, it gradually becomes deeper 
coloured. 	When rubbed in the dark, it phosphoresces, as 

• It has been known also by a variety of other names; such as, sub- 
limatum duke, aquila alba, aquila mitigata, manna metallorum, pan-
ehymogogum mincrale, panchymogogus quercetanus. 

t Scheele, i. 221. 	/ Hassenfratz, Ann. de Chim. xxviii. 12. 
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Scheele discovered. 	A stronger heat is required to sublime chap. III. 
it than is necessary for the sublimation of perchloride. ''''Ner"1  
Chlorine 	 converts it into perchloride; and the same 
chark(y is/. 

 gas
roduced by ,subliming it with one part of com-

mon .r and two parts of sulphate of iron. Nitric acid dis-
sollies it readily, and much nitrous gas is evolved, as Berthol- 
let has shown, and the salt is converted into a perchloride. , 

M. Chenevix employed the following method to ascer- 
taist,  the composition of this salt. 	He dissolved 100 parts of 
it in nitric acid, and precipitated the acid by nitrate of silver. 
The precipitate obtained indicated 11.5 muriatic acid. 	The 
oxide obtained was 83'5. 	Zaboada followed nearly the 
same plan. 	The precipitate, by means of nitrate of silver 
indicated 10'6 of muriatic acid. 	Muriate of tin threw down 
85 grains of pure mercury. 	The following is the result of 
the analyses of these two chemists : 

	

Zaboada. 	Chenevix. 
• Acid  	10.6 	'' 	11.5 

- 	Protoxide  	89.4  	88'5 

Total . . .. 100 	100 
VV:TiepAVe correct these results according to the true con- corn 

ditution of this chloride, we obtain 	 tion. 
osi- 

Zaboada. 	Chenevix. 
Chloride 	.. . . 	11•04  	14'9 
Mercury .... 	85'96  	85'1 

100.00 	100.0 
If we suppose it a compound of 1 atom mercury + 1 atom 

chlorine, its composition will be 
Chlorine .... 	4.5, 	 1515 
Mercury .... 25   84'75 . 

100'00 
Now Chenevix's analysis corresponds with these numbers 

very nearly. 	There can be no doubt then that the comp- 
5ition of these two chlorides is as follows :* 

Protochloride. 
Mercury 1 atom 	 100 
Chlorine 1 atom 	18 

",See Davy's observations and ekperiments, Phil. Trans. 1811, p. 24, 
2 H 2 
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Book I. Perchloride. 
Division it. Mercury 1 atom 	 100 ,.......-v.-.-.0 

Chlorine 2 atoms 	36 
07 

Iodides. 	IV. Iodine combines readily w'..th mercury!! Ncthing 
more is necessary than to place the two bodies in-intact. 
They speedily unite. 	Iodide of mercury is formed likerise 
when a hydriodate is dropped into a solution of mercury in 
an acid. According to Gay-Lussac there are two iodi4es c. 
mercury. The protiodide has a yellow colour, the perior.;':ile 
is a beautiful red, which may be employed as a paint. They 
are both insoluble in water. 	They are decomposed by 
nitric acid. 	The first, as Gay Lussac ascertained, is a com- 
pound of 1 atom mercury + 1 atom iodine; the second of 
1 atom mercury + 2 atoms iodine. 	Hence their composi- 
tion is as follows: 

Protiodide of mercury. 
Mcryry... 25 	.... 100 
Iodine 	15.625 	.... 62.5 

Periodide of mercury. 
Mercury 	 25 	.... 100 
Iodine 	 31.25 	.... 	125 

V. We do not know the action of fluorine on mercury. 
This metal does not unite with azote, hydrogen, carbon, 
baron, or silicon. 

Thosphu- 	VI. Mr. Pelletier, after several unsuccessful attempts to 
ret. 	combine phosphorus and mercury, at last succeeded by dis- 

tilling a 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 con- 
verted into a black powder before 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 in a retort filled with 
hydrogen gas to prevent the combustion of the phosphorus. 
Phosphuret of mercury is of a 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.* 

VII. Mercury combines with two proportions of sulphur' 

Ann. de Chim, xiii. 122. 
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and forms two sulphurets. 	The protoszt/phuret is black but Chap. III. 
the persulphuret is red. ......v.._, 

'\ 	1. Wh 	two parts of sulphur and one of mercury are Black slit- 
b•itur.oted . a

r3
cther in a ,mortar, the mercury gradually dis- 

appeaVndthe whole assumes the form of a black powder, 
formerly. called ethiops mineral. 	It is scarcely possible by 
this process to combine the sulphur and mercury so com- 

phurct. 

‘, etely, that small globules of the metal may not be detected 
b 	microscope. 	When mercury is added slowly to its 
own Zil`eight of melted sulphur, and the mixture is constantly 
stirred, the same black compound is formed. 	It may be ob- 
tained very readily likewise by passing a current of sulphu-
reted hydrogen gas through an acid solution of mercury. 
The black sulphuret is precipitated abundantly. 	Accord- 
ing  to Guibourt running mercury may be pressed out of the 
sulphuret prepared in this way.* 	This sulphuret according 
to him is composed of 	 ,-, . 

Mercury .... 100   25 
• Sulphur 	8'2  	2.05 

Hence it is obviously a compound of 1 atom mercury + 1 
atom sulphur. 

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

Rel
e
su

t
!. 

Ph  

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, insoluble 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 
iron filings, and distilled in a stoneware retort, the sulphur 
combines with the iron, and the mercury passes into the 
receiver, which ought to contain water. 	By this process 

• Ann. de Chim. et Phys. i. 424. 
t The word verinaion is derived from the French word vermeil, which 

comes from vermiculus, or vermiculum : names given in the middle ages 
to the kermes or coccus illicis, well known as a red dye. 	Vermilion 
originally signified the red dye of the kermes. 	See 13eckinau's History 
of Discoveries, ii. 180. 
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Book r. mercury may be obtained in a state of purity. 	The use of 
Division il• this sulphuret of mercury as a paint is well known.* 

Cinnabar may be prepared by various other. processes. , 
One of the simplest of these is tilt following, itely,disco-(  
vered by Mr. Kirchoff. 	When 300 grains of mer•Ti•:y and 
68 of sulphur, with a few drops of solution of potash to 
moisten them, are triturated for some time in a porcelain 
cup by means of a glass pestle, ethiops mineral is produced: 
Add to this 160 grains of potash dissolved in as much way.Sr. 
Heat the vessel containing the ingredients over the f!.‘me of 
a candle, and continue the trituration without interruption 
during the heating. 	In proportion as the liquid evaporates, 
add clear water from time to time, sp that the oxide may be 
constantly covered to the depth of near an inch. 	The tri- 
turation must be continued about 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 evaporated. 	It then passes very 
rapidly to a red. 	No more water is to be added ; but the 
trituration is to be continued without interruption. 	When 
the mass has acquired the consistence of a jelly, the red co-
lour becomes more and more bright, with an incredible de- 
gree of quickness. 	The instant the colour has acquired its 
utmost beauty, the heat must be withdrawn, otherwise the 
red passes to a dirty brown. 	Count de Moussin Pouschkin 
has diScovered, that its passing to a brown colour may be 
prevented by taking it from the fire as soon as it has ac-
quired 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 ex- 
posure the red colour gradually improves, and at last be- 
comes excellent. 	He discovered also, that when this sul- 
phuret is exposed to a strong heat, it becomes instantly 
brown, and then passes into a dark violet; when taken from 
the fire, it passes instantly to a beautiful carmine red.1- 

The persulphuret according to the experiments of Proust t 
is composed of 

Mercury 	 100 
• Sulphur  	17'64 

* See a description of the process of making it by Paysse, Ann. de 
Chim. li. 196 ; and by Tuckert, ibid. iv. 25. 

t Nieholson's Journal, ii. 1. 	/ Jour. de Phys. liii. 92. 
2 
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According to Guibourt * it is a compound of 	Chap. IU. 
—̀v--.../ 

	

Mercury   100 		 25 
ulphur  	16  	4 

Thu 1 ;7 analysis is Accurate. 	We see from it that the 
persulpduret of mercury is a compound of 1 atom mercury 
+ 2 atoms sulphur. 

Amalgams
ars 

 VIII. Mercury may be amalgamated with arsenic by 
wiiethe_ 

 
Lipixig them for some hours over the fire, constantly agi- 
tatiiii4he mixture. 	The amalgam is grey-coloured, and n  
compoi0 of 5 parts of mercury and 1 of arsenic.t 

IX. Mercury may be amalgamated with tellurium by Tellurium, 
trituration. 

X. Mercury may be readily amalgamated with potas- Potassium, 
aium and sodium, either by heat or by simply placing the 
two bodies in contact. 	Considerable heat is evolved during 
the combination. 	The amalgam is solid, unless the propor- 
tion of potassium or sodium be very sTall. 	It crystallizes 
and has a white colour like that of mercury. 	The potas- 
sium or sodium is speedily converted into alkali in the open 
air or under water.$ 

XI. Mercury has been amalgamated with the metallic 
Lses of the alkaline earths, by Seebeck, Berzelius, and 
Davy. 	But these amalgams have not been examined. 

We are unacquainted with the compounds which mercury 
is capable of forming with the bases of the earths proper. 

XII. Iron is not acted on by mercury : accordingly this Iron, 
last metal is usually kept in vessels of iron. 	Mr. Arthur 
Aiken, however, has shown that these two metals may be 
combined together. 	To form an amalgam of iron, he tri-
turates together iron filings and the amalgam of the metal 
called zinc, and adds to the rlixture a solution of iron in 
Inuriatie acid. 	By kneading this mixture, and heating it, 
the  iron and mercury which combine together gradually 
assume the metallic lustre. § 

XIII. Mercury does not combine with nickel, or cobalt, 
or manganese. 	We are ignorant of the action of this 
metal on cerium and uranium. 

• Ann. de Chim. et Phys. i. 425. 	 t Bergman, ii. 281. 
I Gay-Lussac and Thenard; Recherches physloo-chimiques, i. 222. 
§ Phil. Mag. xiii. 416. 
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Book I. XIV. The amalgam of zinc was examined by Malouin. 
Division!!. According to him, it is formed most readily by pouring 

mercury upon zinc, ' heated so as to char paper,, but not to '-'-v"--1  

Bismuth, 

Zinc,  
burn it. 	Its consistence varies With the proporton of zinc! 
Eight parts zinc, and .1 merry 	 Ibrm a white . .Iy.tbrittle 
compound. 	One zinc and 24- mercury form an alloy; which, 
when melted and cooled slowly, crystallizes. 	This amalgam 
is used to promote the excitement of electric machines.* 	, 

XV. Mercury combines readily'with bismuth, eitrierj,,,y 
triturating the Metals togeiheri  or by pouring 2 pi‘rts of 
hot mercury into 1 part of melted bismuth. . This r•Analgam 
is at first soft, but it becomes• gradually hard. 	When 
melted and cooled slowly, it crystallizes. 

When the quantity of mercury exceeds the bismuth con-
siderably, the antalgam..remains -fluid, and has the property 
of dissolving lead, and rendering it•alsdfluid. 	This: curious 
fact was first described by Beecher, •Who • affirmed that - a 
mixture of 3 parts mercury, .1. lead, and 1 bismuth, form a 
perfectly fluid amalgam. 	This triple compound may be 
filtered through shamois 	leather without • decompositioo. 
Mercury is sometimes adulterated with these metals; but 
the imposition . may be easily detected,  not only..bv.  the 
specific gravity of the. mercury, which is too small,. bi 
because it drags a tail, as the workmen say ; that is, when a 
drop of •it is agitated on a plain surface, the drop does not 
remain spherical, but part of it 'adheres to the surface, as if 
it were not completely fluid, or as if it were inclosed in A 
thin pellicle. 	This amalgam is used hot for silvering glass 
balls. 

Lead, XVI. Mercury amalgamates readily with lead in any 
proportion, either by triturating with lead filings, 	or by 
pouring it upon melted lead. 	The amalgam is white and 
brilliant, and when the quantity of lead is sufficient, assumes 
a solid form. 	It is capable of crystallizing. 	The crystals 
are composed of 1 part of lead and 11 of mercury.t 

Tin, XVII. Mercury dissolves tin very readily cold; and these 
metals may be combined in any proportion by pouring 
mercury into melted tin. 	The amalgam of tin, when corny 
posed of 3 parts of mercury and 1 of tin, crystallizes in the 

• It was first recommended for that purpose by Dr. Higgins. 	Sce 
Phil. Trans. 1778, p. 861. 	t Dijon Academicians. 
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form of cubes, according to Datibenton ; but, according to.  Chap. Ill. 

"`Y Sage, in grey brilliant square plates; thititoWards the edges, 	"') 
and atta*d to each other, so that the cavities between 

.them are i?olygonal.. • , 	 . 	• 
T14.54114oy is used in silvering tfie backs of looking glasses. 

:A4heet, of tinfoil is spread upon a table, and mercury rub-
bed.upon it with a hares foot,. till the two metals inborPo- 
Tte ;) then a plate. of :glass is slid over it, and kept 'down 
**weights. 	The excess of mercury is driven .Off, and iii 
a shei•A time the tinfoil adheres to:the glass and converts it 
into a iiiirror.6'.. 

XVIII. Mercury acts but feebly upon copper, and does Copper 
not` dissolve it while cold ; but if a small stream of melted 
copper be cautiously poured into mercury heated nearly to 
the boiling point, the two metals combine and form a soft 
white amalgam. j• 	Boyle.pointed out the following method, 
which succeeds very .well.: triturate together 2 parts of mer-
cury, 24• parts of verdigris; and 1 part.ipf common salt, with 

..some acetous acid, and keep them for some time over a 
'moderate fire, stirring them constantly, and supplying acid 
'as it evaporates; • then wash the amalgam and pour it into a 
In,,,a,114,-; _it is at first nearly fluid, but in a few ' hours it 

1••CryStallizes and becomes quite-  solid.t 	This• amalgam may 
be:formed also. by keeping plates of copper in a solution of 
mercury in nitric acid.. 	The plate is soon impregnated with 
mercury. 	The. amalgam of copper is .of a white colour, and. , 	'7 so soft at first . tnat it takes the most delicate impressions; 
but it soon 'becomes harder when exposed to the air. 	It is 
easily decomposed by heat; the mercury evaporates, and 
leaves the copper. 

—.-1..—. 

SECT. VII. 

OF SILVER. 

• I. SILVER seems to have been known almost as early as 
gold, which was probably the first metal employed by man. 

1. It is a meal of a fine .white colour with a shade of Properties, 

* See Watson's Chem. Essays, p. 240. 	Dr. Watson has rendered it 
Probable that the art of forming mirrors by coating glass with a plate 
of metal was known at least as early as the first century. 

f Lewis, Neuman's Chem. p. 65- 	I Shaw's Boyle, i.. 648, 
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	 SIMPLE COMBUSTIBLES. 

Book I. yellow,•  without either taste or smell ; and in point of bril- 
Di,ision.11. liancy is inferior to none of the metallic bodies, 	if we 

except polished steel. 	 , 
2. It is softer than copper, but harder than gold. 	When(  

melted, its specific gravity is 10'474 ;* when lilopmered, 
10.3104  

3. In malleability it is inferior to none of the metals, if , 
we except 	It may be beat out into leaves only gold. 	 ic0100) 
inch thick. 	Its ductility is equally remarkable: it may,..:le 
drawn out into a wire much finer. than a human h-.,if ; so 
fine indeed, that a single grain of silver may be ettended 
about 400 feet in length. 

4. Its tenacity is such, that a wire of silver 0'078 inch in 
diameter is capable of supporting a weight of 187'13 lbs. 
avoirdupois without breaking.$ 

5. Silver melts when it is heated completely red hot; and 
while melted its brilliancy is much increased. 	According 
to the calculation of Mortimer and Bergman, its fusing 
point is 1000° of Fahrenheit. 	Dr. 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 b,e vola- 
tilized ; 	but a very 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 weigh-
ing it, that it had sustained a loss of Iii.th of its weight.II 
Vauquelin however found that when, placed upon charcoal, 
urged by a current of oxygen gas, the silver was volatilized 

' in a visible smoke.** 
When cooled slowly, its surface exhibits the appearance 

of crystals; and if the liquid part of.the metal be poured out 
as soon as the surface congeals, 	pretty large crystals of 
silver may be obtained. 	By this method Tillet and Moo- 

* Brisson and Hatchett. 	Fahrenheit found it 10.481. 	Phil. Trans. 
1724, vol. xxxiii.p. 114.) 	I found pure silver melted and slowly cooled 
of the specific gravity 10'3946; when hammered it became 10'4177; 
when rolled out into a plate it became 10'4812. 	Nicholson's Jour xiv,  
397. 

1' According to Brisson. 	Muschenbroeck found the specific gravity 
of hammered silver 10100. 	Dr. Lewis makes it no less than 1.0.980. 
(Phil. Corn. p. 549.) 	 1 Ann. de Chim. xxv. 9. 

§ Sir James Hall, Nicholson's Jour. ix. 99. 
II Theatrum Chem. ii. 17. 	so Ann. de Chim. lxxxix. QV, 
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gez junior, obtained it in four-sided pyramids, both insu- Chap. III. .. lated and in groups. 	 -•"'\e"-1  

II. Silv!F is not oxidized by exposure to the air :, it gra- oxide. 1ually indtied loses its lustre, and becomes tarnished; but 
this iskq,citg.  to a different cause. 	Neither is it altered by 
beikg kept under water. 	But if it be kept for a long time 
mated in an open vessel, it gradually attracts oxygen from 
Ale atmosphere, and is converted into an oxide. 	This . -e-.2eriment was first made by Junker, who converted a 
quanilty of silver into.a vitriform oxide.* 	It was afterwards 
confirmid by Macquer and Darcet. Macquer, by exposing 
silver 20 times successively to the heat of a porcelain furnace, 
obtained a glass t of an olive green colour.t 	Nay, if the 
heat be sufficient, the silver even takes fire, and burns like 
other combustible bodies. 	Van Marum made electric 
sparks from his powerful Teylerian machine pass through a 
silver wire ; the wire exhibited a greenish white flame, and 
Was dissipated into smoke. 	Before a 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 an 
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. This oxide 
is tasteless. 	It is insoluble in water, but readily soluble in 
nitric acid. 	When heated to redness it is reduced to the 
metallic state. 	The following table exhibits the composi- 
tion of this oxide, according to the experiments of different 
chemists 

Klaproth.4 	Proust.11 	BFzelius.** 	Davy.tt 	Thomsomn 
Silver 	—100 	....100 	....100 	...100 	. • .100 
Oxygen .. 	12.36 . ... 	9.5 .. .. 	744 ... 	7'3 ... 	7.291 

We may, I conceive, without deviating from the truth, 
consider this oxide as a compound of 

''' Junker's Conspectus Chem. i. 887. 
t Metallic oxides, after fusion, are called glass, because they acquire 

4  good deal of resemblance, in some particulars, to common glass. 
t Macquer's DictiOnary, ii. 5/1. 	' 	§ Beitrage, iii. 199. 
II Nicholson's Journal, xv. 375. 
4141.  Ann. de Chim. lxxix. 132, 	An inference from the analysis of sul- 

Phuret of silver. 	ft Elements of Chemical Philosophy, p. 444. 
:$ Annals of Philosophy, iv. 15. 
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Book I. . Silver 	. 	100 
Diviiion IL 
.......v...,—.., Oxygen  	7'272 

In •that case, if we suppose it a compoundof 1 at6t3 
. silver + 1 atom oxygen, an atom 6f silver will sr,-34.,,dr13.7 
and an atom of oxide of silver 14'75. 	 ‘,...._..—' 

Chloride. III. Silver does not burn when heated in chlorine gas ; 
but it gradually absorbs the gas, and is converted into the 
well known compound called formerly horn silver, andrmoi.,J 
lately distinguished by the name of muriate of silveri,' ,(Sir 
H. Davy first showed that it is a chloride of silver. 4 

This chloride is easily obtained by dissolving Silver in 
nitric.acid, and mixing the solution with a solution of com- 
mon salt. 	A copious curdy precipitate falls. 	When this 
precipitate is washed and dried it constitutes pure chloride 
of silver. 

- Properties. This chloride is one of the most insoluble substances 
known : According lo Monnet it requires no less than 5072 
parts of water to dissolve it. 	When exposed to the air, it 
gradually acquires a purple colour. 	When exposed to a 
heat of about 500°, it melts, and assumes, on cooling, the 
form of a grey-coloured semitransparent mass, having some 
resemblance to horn, and for that reason called lunar Linea. 
A strong heat sublimes it, as Margraff ascertained.* When 
heated strongly in an earthen crucible, it passes through 
altogether, and is lost in the fire; but when mixed with 
about four times its weight of fixed alkali, formed into a ball 
with a little water, and melted rapidly in a crucible well 
lined with alkali, the silver is reduced, and obtained in a 
state of purity. 	Considerable caution is necessary in con- 
ducting this experiment. 	The easiest way of obtaining the 
silver is, by boiling the ch:.aride in an iron pot with water 
and pieces of iron. 

The chloride of silver is soluble in ammonia. 	The alka- 
line carbonates decompose it, 	but not the pure alkalies; 
neither is it decomposed by any of the acids. 	Several of 

. the metals, when fused along vith it, separate the silver 
in its metallic state; but it is always alloyed with a little of 
the metal employed. 	Copper, iron, lead, tin, zinc, anti- 
mony, and bismuth, have been used for that purpose.t 	If 

* Opusc. i. 265. 	Proust affirms that this sublimation stops after 00 
alt is in complete fusion, 	 t Margraff; Ibid. 
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the solution of this salt in Ammonia be mixed .with running Opp. Hi. 
Mercury, the silver. gradually separates, combines with the ."'"\r-aj  
,mercury, atld 'forms the crystals usually distinguished by the 

an-ie of anPor Diane. 	.Nargraff recommends .thig;arnalga_ 
Ination,as).  the best method of procuring pure silver. 	•This 
.salt dissolves in muriatic acid, and by that. means may be , obtaAD

ined' in octahedral crystals: 	When the. ammoniacal 
(7tlution of this salt is heated, fulminating silver is precipi- 
ta4.2 	All substances containing hydrogen have the .pro- 

' perty- cremoving the chlorine, but.no other bodies. 	. 
. .ConsiAterable pains have 	been taken to ascertain the 

constituents of this chloride correctly, because it is by. means 
of .it that the different muriates are analysed. The following 
-table exhibits the result of the most accurate trials hitherto 
Inade, on the supposition that the chloride is a compound 
of muriatic acid and oxide of silver : 

Proust. f 	Iti.sc. t 	Berzei i us. §. . Ma rect. D G a.y- Lust ac . * . 
-guriatic acid 	.. 	18 .. 	18.28 .. 	181 .'. 	19.05 	. : . . -19.28 

t
co

n
m

.
posi- 

Oxide of silver .. 	82 . . 81'72 . . 81'3 . . 30.95 	. . . . 80'72 io  . 	. 
. 	 — 

	

100 	100'00 	100'0 	100'00 	100'00 

When these results are 	corrected according to the 
true composition of the chloride, we obtain' the following 
numbers. 	. . 	 . . . 	 Proust. 	Rose. 	Berzclius. 	Mareet. Gay-Lussac. J.Davy.+ f 
Chlorine 23'55 . . 23'82 . . 24'21 . .. 24.'53 . . 24'75 . . 24'5 
Silver... 7645 . . 	76'18 . . 75.79 . . 	75'47 . . 75'25 	. • 75.5 

100'00 	100'00 	100.00 	100.00 	100.00 	100'0 
If we consider this chloride as a compound of 1 atom silver 

,., and 1 atom chlorine, its consticlents will be 
Chlorine .. 	4.5 	. . . . 24'66 
Silver .... 	13.75 .... 	75.34 

"•••••...... 

100'00 

4  Proust, Nicholson's Jour. xv. 369. 	t Jour. de Phys. xlix. 221. 
1 Gehlen's Journal, vi. 29. 	 § Ann. de Chim. txxviii. 114. 
II Nicholson's Joinbal xx. 30. 
-I" As quoted by Dr. Henry ; Chemistry, vol. ii. p. 77. 	I do not 

know where Gay-Lussac's experiments were published. 	In Ann. (le 
Chim. xci. 100, he adopts the analysis of Berzelius. 

ft Phil. Trans. 1812, p. 172. 
6 
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Book T. This is almost the exact mean of the analyses of Gay-Lus- 
Division 11. sac and Marcet, which in consequence we must consider as .......v......4 	. the most accurate. 	 . 
Iodide. IV. The iodide of siver is easily obtained bytdropping.,a(  t,  bydriodate into nitrate of silver. 	A'greenish yelw curdy 

precipitate falls having a good deal of resemblance to chlo- 
ride of silver. 	It melts at a low red heat and assumes a 	,. 
reddish colour. 	When exposed to light its colour is 0: 
tered more rapidly than even that of chloride of silver,.1"It 
is insoluble in water and easily decomposed whenAeated 
with potash. 	It has not been analysed ; but the 	can be 
no doubt that it is a compound of 1 atom silver + 1 atom 
iodine, or by weight of 

Silver 	 13'75 
Iodine 	 1.5'625 

. 

V. We are unacquainted with the action of fluorine on 
silver. 	This metal tloes not combine with azote, hydrogen, 
carbon, boron, or silicon. 

Phosphu- VI. Silver was first combined with phosphorus by Mr. set. Pelletier. 	If one ounce of silver, one ounce of phosphoric 
glass, and two drams of charcoal, he mixed together, and 
heated in a crucible, phosphuret of silver is formed. 	It is 
of 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 4 parts of silver and 1 of 
phosphorus. 	Heat decomposes it by separating the phos- 
phorus.* 	Pelletier has observed that silver in fusion is ca- 
pable of combining with more phosphorus than solid silver; 
for when phosphuret of silver is formed by .projecting phos-
phorus into melted silver, after the crucible is taken from 
the fire, a quantity of phosphorus is emitted the moment the 
metal congeals.t 

Sulphu- 
ret. VII. When thin plates of silver and sulphur are laid al-

ternately above each other in a crucible, they melt readily 
in a low red heat, and form sulphmet of silver. 	It 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 sufficient heat be applied, the sulphur 
is slowly volatilized, and the metal remains behind in a state 

• Pelletier ;  Ann. de Chim. i. 73. 	t Ann. de Chim. xiii. iia 
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of purity. 	This compound frequently occurs native. 	It has Chap. III. 
a dark grey colour, a metallic lustre, and the softness, flexi- ‘---"Nr--1  
bility, andtrnalleability of lead. 	Its specific gravity is about 
2. 	The i',011owing table exhibits the most correct experi- 

Ments on. the composition of this sulphuret hitherto made 
Klaproth.* 	.Vauquelin.t 	Betzelius.: 

	

Silver .... 	100 	.... 	100 	.... 	100 

	

, Sulphur ... 	17.64 	.... 	14.59 	.. .. 	11'9 
-1".--,N obvious from these analyses that sulphuret of silver 

	

is a c? wipound of 	1 atom silver + 1 atom sulphur. 	The 
correct Composition according to that supposition is 

Silver 	 1315.... 100 
Sulphur 	2 	.... 14'544 

From this it appears that Vauquelin's analysis is the most 
correct. 

It is well known that when silver is long exposed to the 
air, especially in frequented places, as churches, theatres, 
.&c. it acquires a covering of a violet colour, which deprives 
it of its lustre and malleability. 	This covering which forms 
a thin layer, can only be detached from the silver by bending 
it, or breaking it in pieces with a hammer. 	It was exa- 
mined by Mr. Proust, and found to be sulphuret of silver.§ 

VIII. Melted silver takes up iirth of arsenic.il 	The alloy Alloys with 
is brittle, yellow-coloured, and useless. arsenic, . 

IX. The alloy of silver and iron has not been examined 
by modern chemists. 	According to Wallerius, the metals 
unite readily by fusion, and when the quantity of each is 
equal, the alloy has the colour of silver, but it is harder ; 
it is very ductile, and is attracted by the magnet.** 	Mor- 
veautt has shown, that when th;s alloy is kept in fusion, the 
metals separate from each other according to their specific 
gravity, forming two buttons, exceedingly distinct. 	Neither 
of these, however, is in a state of purity. 	The silver retains 
a little iron, which makes it obedient to the magnet. 	Cou- 
lomb has shown, that the proportion of iron which remains 
in the silver amounts tooth part. The iron, on the other 

Iron, 

* Beitrage, i. 162. 	t Ann. du Musc. d'Hist. Nat. xvii. 16. 
I Ann. de Chim. lxxix. 131. 	§ Ann. de Chim. i..142. 
II Beriman, ii. 281. 	 It,  Wasserberg, i. 156. 
tt Jour de Phys. 1788. 
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Book I. hand, retains about ,1fi  of its weight of silver; which gives 
Division 11. it an excessive hardness and compactness of structure, of 

which pure iron is destitute.* "---v-1  
X. Silver does not unite with nickel by fusioi.:. 	,.. 

Cobalt, XI.--  When 2 parts of cobalt and 1 of silver are melted 
together, the two 	metals are 	obtained 	separately after 
the process ; the silver at the bottom of the crucible, and 
the, cobalt above it. 	Each of them, however, has absorber' 
a small portion of the other metal : for the silver is "br ,,le 
dnd dark coloured, while the cobalt is whiter than us -cl" ii.t 

XII. We are ignorant of the alloys of silver witimanga- 
nese, cerium, and uranium. 

Zinc, XIII. Silver unites to zinc with facility, and produces a 
brittle alloy of a bluish white colour, and a granular tex- 
ture. Its specific gravity, according to Gellert, is greater 
than the mean. 	When an alloy of 11 zinc and 1 silver is 
sublimed in open vessels, the whole of the silver arises along 
with the flowers of 2',Inc.$ 

Bismuth, 	' XIV. Bismuth combines readily with silver by fusion. 
The alloy is brittle ; its colour is nearly that of bismuth; 
its texture lamellar ; and its specific gravity greater than the' 
mean. 	According to Muschenbroeck, the specific gravity 
of an alloy of equal pitrts bismuth and silver is 10.7097.E 

Lead, XV-Melted lead dissolves' a great portion of silver at a 
slightly red-heat. 	The alloy is very brittle :0 its colour 
approaches to that of lead ; and, according to Kraft, its spe- 
cific gravity is greaser than the mean density of the two 
metals united. 	The tenacity of silver, according to the ex- 

' 	periments of Muschenbroeck, is diminished by the addition 
of lead. 	This alloy is easily decomposed, and the lead se- 
parated by cupellation. 

Copper. 	XVI. Silver is easily allOyed with copper by fusion. The 
compound is harder and more sonorous than silver, and re- 
tains its white colour even when the proportion of copper 
exceeds one-half. 	The hardness is a maximum when the 

Silver coin. copper amounts to one-fifth of the silver. 	The standard or 
sterling silver of Britain, of which coin is•made, is a com- 
pound of 12.; silver and one copper. 	Its specific gravity 

* Ann. de Chim. xliii. 47. 	t Gellert, p. 137. 
: Wasserberg, i. 160. 	 § Wasserberg, 1. 160. 
II Lewis ; Neuman's Chem. p, 57. 
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titer simple fusion is 10.200.* 	By calculation it should Chap. III. 
be 10'351. 	Hence it follows that the alloy expands, as is ---\(--) 
the case wi6 gold when united to copper. j- The specific gra- 
Oty of Paris standard silver, composed of 137 parts silver 
and seven copper, according 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 
-‘garly„ so fine, being composed of 261 parts of silver and 
2iaf copper, or one part of copper alloyed with 91 of sil-
ver. 1i specific gravity, according to Brisson, was 10.0476; 
but afteitheing coined, it became as high as 10'4077. 	The 
`Austrian silver coin, according io Wasserberg, contains 
1-1-gqr of copper.$ 	The silver coin of the ancients 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 ; at 
least a rupee which I analysed contained only -A part of 
copper; a proportion so small that it can scarcely be sup-
posed to have been added on purpose. 'A pound of stand-
and silver is coined into 62 shillings. 

XVII. The alloy of silver and tin is very brittle and Tin. 
hard. 	It was examined by Kraft and Muschenbroeck. 

• Cavallo's Nat. Phil. ii. 76. 	Dr. Shaw makes it 10.535 after ham- 
mering, as it appears from his table. 	Shaw's Boyle, ii. 345. 

f I find the specific gravity of our new silver (1817) 10.3121. 	The 
Weight of a shilling is 87.55 grains. 

/ Wasserberg, i. 155. 	The following table exhibits •the composition 
of different European coins, according to my experiments. 

Alloy per 	Weight of silver, that of 
cent. 	 the copper being 1. 

British 	7.5 .... 	 .. 	12.5 
Dutch 	8  	11.5 
French 	9  	10.1 
Austrian  	0.5 ..  	9.5 
Sardinian 	9.5  	 9.5 

	

Spanish.   r 10'5  	8.5 

	

115.5  	5.5 
Portuguese......... 	11  	8 
Danish  	12  	7.3 
Swiss  	21  	3.8 
Russian 	24 	 . 	3'6 
Hamburgh 	' 	50 	 .. 	1 

The first column of this table gives the supposed proportion of alloy 
ill 100 parts of the respective coin; the second gives the weight of silver 
contained in each coin, on the supposition that the weight of the copper 
With dvhich the silver is alloyed is always 1. 	Nicholson's Jour. xiv. 409. 

VOL. I. 	 2 1 
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SIMPLE COMBUSTIBLES. 

Book I. 	According to them, one part of tin and four of silver form 
Division II. a compound as hard as bronze. 	The addition of more tin 

softens the alloy. 	It has a granular appearance, 	and is 	I 
easily oxidized. 	According to Gellert, these metals col- 
tract in uniting.* 	Mr. Hatchet found that silvet made 
standard by tin was brittle, and did not ring well.f 

Amalgam. 	XVIII. The amalgam of silver is easily formed by throw- 
ing pieces of red hot silver into mercury heated, till 3 
begins to smoke. 	It forms dendritical crystals, which,- ac.- 
cording to the Dijon academicians, contain eight -. rts of 
mercury and one of silver. 	It is of a white colove:, and is 
always of a soft consistence. 	Its specific gravity is greater 
than the mean of the two metals. 	Gellert has even re- 
marked, that when 'thrown in 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. 

FAMILY V. 

This family contains the five following metallic bodies. 
1. Gold 	4. Rhodium 
2. Platinum 	5. Iridium 

• . 3. Palladium 
They all require a strong heat to fuse them ; they are 

• all insoluble in nitric acid, and their oxides are reducible 
to the metallic state by the application of mere heat, 

SECT. I. 
OF GOLD. 

GOLD seems to have been known from the very beginning 
of the world. 	Its properties and its scarcity have rendered 
it more valuable than any other metal.§ 

* Metallurgic Chem. p. 140. 	t On the Alloys of Gold, p. 93: 
I Gellert's Metallurgic Chemistry, 142. 
§ The fullest treatise on gold hitherto published is that by Dr. Lewis 

in his Philosophical Commerce of the Arts. 	The account of gcld is 
2 
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1. It is of an orange-red, or reddish-yellow colour, and Chap. III. 
has no perceptible taste or smell. 	• Its lustre is consider- 1 /4"Tht—/  
able, yielding only to that of platinum, steel, silver, and 

,.• 

mercury..  	•) 	• 
2. 'It is rather softer than silver. 

Proper6es 
or gold. 

,Its specific gravity is 191.*  
3. No other substance is equal to it in ductility and mal- Malleabi- 

leabtlity. 	It .may be beaten out into leaves so thin, that lity. 
ORE grain of gold.  will cover 561 square inches. 	These 
leava 	only 	of an inch thick. 	But the 	leaf ,are 	 gold it 8 810 0 0 

With vi;:ktich silver wire is covered has only TIT  of that thick- 
ness. 	An ounce of gold upon silver wire is capable of being 
extended more than 1300 miles in length4 

4. Its tenacity is considerable; though in this respect it 
yields to iron, copper, platinum, and silver. 	From the 
experiments of Sickingen, it appears that a gold wire 

Tenacity. 

0'078 inch in diameter is capable of supporting a weight of 
150'07 lbs. avoirdupois, without.  breaking.f • 

5. It melts at 82° of Wedgewood's pyrometer. § 	When Action of 
melted, it assumes a bright bluish-green colour. It expandsin heat' 

Wasserberg's Institutiones Chemin, vol. i. is, a great part of it at least, 
nearly a translation of Dr. Lewis; but it contains likewise several dis- 
coveries of posterior date, chiefly made by Bergman. 	Mr. Ilatchett's 
Experiments and Observations on the Alloys, Specific Gravity, and com-
parative wear of Gold, published in the Phil. Trans. for 1803, are of 
the utmost importance, on account of the care with which they were 
made, and the many mistaken notions which they have enabled us to 
rectify. 	Proust published a valuable paper on gold in the Journal de 
Physique. 	It was afterwards examined by Vauquelin ; (Ann. de Chim. 
lxsvii. 321), Oberkamp, (Ibid. lxxx. 144 and Berzelius, (Ibid. lxxxiii. 
166.)  

• 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 niany 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, (Philosophical Com- 
merce of the Arts, p. 41). 	Brisson found the specific gravity of another 
specimen of fine gold, hammered, 19.861. 	Mr. Hatchett tried gold of 
23 carats Si grains, (or gold containing 1-96th of alloy); its specific 
gravity was 19-277. 

t See Shaw's Boyle, i. 404,, and Lewis's Philosoph. Commerce of the 
Arts. p. 44. 	 I Ann. de Chim. xxv. 9. 

§.' 'According to the calculation of the Dijon academicians, it melts at 
12)8° Fahrenheit; according to Mortimer, at 1301°. 

2 I2 
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Book I. the act of fusion, and consequently contracts while becom- 
Division I. ing solid more than most metals ; a circumstance which ..—...,„—.3 

renders it less proper for casting into moulds.* 	:I 
It requires a very violent heat to volatilize it; it is thercv` 

fore, to use a chemical term, exceedingly fixed. 	Gusto 
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 keptit in a strte of 
fusion for two months, yet it did not loge the smallest prim 
tion of its weight.t 	Kunkel relates a similar exile' rnent 
attended with the same result ; $ neither did gold ...1,=se any 
perceptible weight, after being exposed for some hours to 
the utmost heat of Mr. Parker's lens.§ 	Homberg, how- 
ever, observed, that when a very small portion of gold is 
kept in a violent heat, part of it is volatilizeddi 	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 
sensibly;" and Mr. Lavoisier observed the very same thing 
when a piece of silver was held over gold melted by a fire 
blown by oxygen gas, which produces a much greater heat 
than common air.tt 	. 	 . 

After fusion, it is capable of assuming a crystalline form. 
Tillet and Mongez obtained . it in 	short 	quadrangular 
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.. 	Neither 
has water the smallest action upon it. 

Oxides. II. It is capable, however, of combining with oxygen, 
and even of undergoing combustion in particular circume 
stances. 	The resulting compound is an oxide of gold. 
Gold must be raised to a very high temperature 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 

* Lews's Philosophical Commerce, p. 67. 
t " Nec minimum de pondere decidisse conspexi." 	Gastonis Clavei 

Apologia Argyropoeix et Chrysopoeze adversus Thomam Erastttm, Their 
trum Chemicum, ii. IT. 	I Lewis, Philosophical Commerce, p. 70. 

§ Kirwan's Mineralogy, i. 92. 	II Mem. Par. 1702, p. 447. 
'1' Dictionnaire de Chimie, ii. 148. 	, 	ft Kirwan's Min. ii. )92. 
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( 
• 

of it wg- converted into a purple-coloured oxide; and the 
truth of kis observations was confirmed by the subsequent 
experimeds of Macquer with the very same burning-glass.* 

Chap. 111. 
"v"-d  

'-hut the portion of oxide formed in these trials is too small 
to adit of being examined. 	Electricity furnishes a method 
of oxidizing 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 together, 
and a strong electrical explosion be passed through it, the 
gold W is missing in several places, and the glass is 
tinged ka. purple colour by the portion of the metal which 
has been oxidized. 	This curious experiment .was first made 
by Dr. Franklin ; t it was confirmed in 1773 by Camus. 
The reality of the oxidizement of gold by electricity was 
disputed by some philosophers, but it has been put beyond 
the reach of doubt by the experiments of Van Marum. 
When he made electric sparksfrom the powerful Teylerian 
machine pass through a gold wire suspended in the air, it 
took fire, burnt with a green-coloured flame, and was com-
pletely 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 suspended in hydrogen gas, 
and other gases which are not capable of supporting com- 
bustion. 	The combustion of gold is now easily effected by 
exposing 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 acquainted only with two oxides of gold. 
The protoxide has a green colour, the peroxide is reddish-
brown. 

1. Of these the peroxide is most easily procured ; it is, Peroxide. 
therefore, best known. 	It may be procured in the following 
manner : 	1 	part of nitric and 4 of muriatic acid are 
mixed together, and poured upon gold : an effervescence 
takes place, the gild is gradually dissolved, and the liquid 
assumes a yellow colour. 	Let this solution be rendered as 

s ,I,ict. ii. 153. 
t,  Lewis's Philosoph. Commerce, p. 175. 	This work was published 

In 1.763. 
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Book I. neutral as pogsible by cautiously evaporating it td 'dryness 
Divisica II. 
L--y—j  

and re-dissolving it in water. 	Into the solution pour a i. 
quantity of potash, and then heat the liquid. 	A voluminous 
precipitate gradually appears. 	It must be carefully Ny.ashri 
with water and dried. 	In this state it is a reddish-brown 
powder, tasteless and insoluble in water, but readily sokble 
in muriatic acid. 	When exposed to even a moderate heat, 
it is deprived of its oxygen, and reduced to the metallic 
state. 	The following table exhibits the composition of this 
oxide, according to the most accurate experiments 1-Stherto 
made: 	 • 	..•:; 

Bergman.* 	Proust.+ 	Oberkampft 	Berzelius.§ 
Gold —10o 	....100 	....100 	....100 
Oxygen . 	9.889.... 	8.57.... 	10'01 .. .. 	12'077 

2. When the permuriate of gold is heated till it ceases to 
give out chlorine gas, •a straw-yellow mass remains which is 
insoluble in cold water, and which is a protomuriate of gold. 
When this substance is treated with caustic potash a green-
coloured powder is separated, which is protoxide of gold. 
In a short time this protoxide divides itself into two parts. 
One-third deprives the other two-thirds of the whole of their 
oxygen arid becomes peroxide, while the two-thirds are 
reduced to the metallic stated' 	From this it is obvious that 
the peroxide of gold contains'only one-third of the oxygen 
which exists in the peroxide. 	If, 	therefore, 	we adopt 

Protoxide. Berzelius's 	analysis of the peroxide as most 	correct, it 
follows that protoxide of gold is composed of 

Gold 	 100 
Oxygen  	4'026 

If we take the quantity of oxygen which unites with 100 
gold at 4'02 ; and suppose tAle protoxide a compound of I 
atom gold + 1 atom oxygen, then the weight of an atone 
of gold will be 24.875, the weight of an atom of protoxide 
will be 25'875, and the weight of an atom of peroxide 
'27'875. 	We have no means of verifying these numbers, as 
we are not in possession of accurate analyses of any of the 
salts of gold.** 

* Opusc. ii. 201. 	 j- Nicholson's Journal, xiv. 238, 324. 
I Ann. de Chim. lxxx. 155. 	§ Ann. de Chim. lxxxiii. 166. 
II Berzelius, Ann. de Chim. lxxxiii. 166. 
** I think it probable that the equivalent number for peroxide otigold 

is 9.25. 
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3. 13 	elius thinks that there exists an intermediate oxide, Chap. III. 
Which con titutes a component part of the purple of Cassius. .̀"—v—i  
But he haS not established its existence by decisive experi- 
kents. 	 ,0 

III?! We are not in possession of any accurate experiments 
either respecting the chloride, iodide, or fluoride of gold. 

IV. Gold does not unite with azote, hydrogen, carbon, 
boron,'  or silicon. 

V.. Margraff failed in his attempts to unite gold with 
phosphorus;* but Pelletier was fortunate enough to succeed 
by meliAspg together in a crucible half an ounce of gold and 
an ounce of phosphoric glass,t surrounded with charcoal. 
The phosphuret of gold thus produced was brittle, whiter Phosphu- 
than gold, and had a crystallized appearance. 	It was com- 
posed of 23 parts of gold and one of phosphorus.$ 	He 
rormed the same compound by dropping small pieces of 
phosphorus into gold in fusion. § 	By the application of a 
sufficient heat, the phosphorus is dissipated and the gold 

er t. 

. 
.remains. 	Oberkampf formed phosphuret of gold by pre- 
cipitating muriate of gold by means of water impregnated 
With phosphureted hydrogen gas. 

VI. Sulphur, even when assisted by heat, has no action 
on gold whatever; nor is it ever found naturally combined 
with sulphur, as is the case with most of the other metals ; 
yet it can scarcely be doubted that sulphur exercises some 
action on gold, though but a small one : for when an alkaline 
hydro-sulphuret II is dropped into a solution of gold, a black 
powder falls to the bottom, which is found to consist of gold 
and sulphur; and when potash, sulphur, and gold, 	are 
heated together, and the mixture boiled in water, a con-
siderable portion of gold is dissolved; as Stahl first disco- 
vered. 	Three parts of sulphur, and three of potash, are 
sufficient to dissolve one of gold. 	The solution has a yellow 
colov. 	When an acid is dropped into it, the gold falls 
down, united to the sulphur in the state of a reddish powder, 

Sulphuret. 

. 

Which becomes gradually black.** 	The composition of this 

. Opusc. i. 2. 
t Phosphoric acid "vaporated to dryness, and then fused. 
1 Ann. de Chim. i. 71. 	 § Ann. de Chim. xiii. 104. 
H By this is understood a -combination of sulphureted hydrogen and 

an alkali. 	These compounds will be described hereafter. 
". Stahl's Opusc. Chynx.-Phys,-Aled. p. 606. 
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	 SIMPLE COMBUSTIBLES. 

Book I. 	sulphuret has been investigated by Bucholz * e,--1t1 Ober- .) Divisionli• kampft 	The following are the results which thel, obtained : 
L-Thr—I 

Bucholz. 	Oberkampf. 
Gold 	100 	.......100 	.; . ., 
Sulphur 	2P95 	21'39 	: 

The analysis of Oberkampf nearly agrees with Berzelius' 
estimate of the composition of the peroxide of gold. 	The 
two, therefore, serve to confirm each other. 

Alloys with 	VII. There appears to be a strong affinity between gold 
arsenic, 	and arsenic : but in consequence of the great volctility of 

the latter metal, it is difficult to unite them TV fusion. 
Bergman succeeded in making gold take up,-6-th of its 
weight of arsenic.t 	Mr. Hatchett added 453 grains of 
arsenic to 5307 grains of melted gold, and, stirring the 
whole rapidly with an iron rod, poured the mixture into an 
iron mould. 	Only six grains of the arsenic were retained; 
so that the 	contained only 	of arsenic. 	It had alloy 	 Thth 
the colour of fine gold ; and though brittle, yet it bent in 
some measure before it broke. 	When once united to gold, 
arsenic is not easily expelled by heat. 	Mr. Hatchett dis- 
covered that gold readily imbibes, 	and combines with, 
arsenic, when heated- to redness. 	A plate of gold was ex- 
posed red hot to the fumes of.  arsenic by suspending it near 
the top of a dome, made by luting one crucible inverted 
over another. 	In the lower crucible some arsenic was put, 
and the whole exposed to a common fire for about 15 
minutes. 	The arsenic had acted on the gold, and combined 
with its surface. 	The alloy being very fusible had dropped 
off as it formed, leaving the gold thinner, but quite smooth. 
The alloy of gold and arsenic formed a button in the under- 
most crucible. 	This button had a grey colour, and wag 
extremely brittle.§ 

Potassium, 	VIII. Potassium and sodium may readily be combined 
with gold by heat, as Davy ascertained. 	The alloys are 
destroyed in the open air, or when put into water. 

IX. We are not acquainted with the action of gold 
on the metallic bases of the alkaline earths or 	earths 
proper. 

Iron, 	X. Iron unites very readily with gold by fusion in all its 

* Beitrage, iii. 171. 	 } Ann. de Chim. Im. 14. 
/ Opusc. ii. 281. 	 § On the Alloys of told, p. lr 
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states' 	ft iron, cast iron, and steel. 	The alloy 	cx- .was Chap. Ill. 
amined b" Mr. Hatchett, who found it remarkably ductile 
when composed of 11 gold and 1 iron. 	It was easily 

"—Thr"---d  

1k4led into plates, cut irgo blocks, and stamped into coin, 
wilkoth its being necessary to anneal it. 	The colour was a 
pato yellowish grey approaching to a dull white; its specific 
gravity was 16-885. 	The bulk of the metals before fusion 
was 2.799 ; after their union the bulk was 2843. 	Hence 
they suffer an expansion, as had been previously noticed by 
Gellert. 	Suppose the bulk before union to have been 1000, 
after unitem it becomes 1014-7.' 	This alloy is harder than 
gold. 	Dr. Lewis even says that it is fit for making edge- 
tools; but in that case the proportion of iron was doubtless 
increased. 	When the iron is three or four times the quan- 
tity of gold, the alloy, according to Dr. Lewis, has the 
colour of silver: t according to Wallerius it still continues 
In agneti c.t 	Gold answers well as a solder for iron. 

XI. Mr. Hatchett melted a mixture of 11 gold and 1 
nickel, and obtained an alloy of the, colour of fine brass. 

Nickel, 

' It was brittle, and broke with a coarse-grained earthy frac- 
ture. 	The specific gravity of the gold was 19.172 ; of the 
nickel 7.8 ; that of the alloy 17'068. 	The bulk of the 
Metals before fusion was 2792, after fusion 2812. 	Hence 
they suffered an expansion. 	Had their *bulk before fusion 
been 1000, after fusion it would have become 1007. 	When 
the proportion of nickel is diminished, and copper sub-
stituted for it, the brittleness of the alloy gradually diminishes, 
and its colour approaches to that of gold. 	The expansion, 
as was to be expected, increases with the proportion of 
copper introduced.§ 

XII. Mr. Hatchett melted together 11 parts of gold and 1 Cobalt, 
Part of cobalt. The alloy was of a dull yellow colour, very brit 
tle and the fracture exhibited an earthy grain.- 	Its specific 
gravity was 17.112. 	The bulk of the metals before fusion 
being 1000, after fusion, became 1001. 	Hence they ex- 
perienced a very small degree of expansion. 	The brittle- 
Less of gold alloyed with cobalt continues when the cobalt 
does not exceed .5th ,of the whole; but when it is reduced 
below that proportion, the gold becomes somewhat ductile, l 

* Hatchett on the Alloys of. Gold, p. 37. 	t Phil. Com. p. 85.  
/ Wasserberg, i. 115. 
4 liatchett on the Alloys of Gold, p. 9,1- 
11  Llatchett on the Alloys of Gold, p. 1.9. 
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Division II. 	X III. We are indebted to Mr. Hatchett for so 	etiriotto 
Book I. experiments on the alloy of manganese and gold.§, Olive oil 

Manga- was repeatedly mixed and burned with black oxide of man- 
mese, ganese, after which a piece of geld was imbeded in 0!>s 

oxide, placed in a crucible lined with charcoal, affd well 
luted. 	The crucible was exposed for three hours ts1 a 
strong heat. 	By this means a portion of manganese was 
reduced and combined with the gold. 	The alloy was ex.- 
ternally of a pale yellowish-grey colour, with a considerable 
lustre, almost equal to that of polished steel. 	It was very 
hard, 	and possessed some ductility. 	The fractnre was 
coarse, very spongy, and of a reddish-grey colour. 	It was 
not altered by exposure to the air. 	From the analysis of 
Mr. Bingley, the alloy was found to vary in the proportion 
of manganese froth ith to +th of the whole. 	It is more 
difficult of fusion than gold. 	When kept melted with access 
of air, the whole manganese is oxidized, and swims on the 
surface. 	The manganese may be separated by cupellation 
with lead.* 

XIV. The alloys of gold with uranium and cerium are 
unknown. 

Zinc, XV. Zinc may be united to gold in any proportion by 
fusion. 	The alloy is the whiter and the more'brittle the 
greater quantity or zinc it contains. 	An alloy, consisting 
of equal parts of these metals, is very hard and white, 
receives a fine polish, and does not tarnish readily. 	It has, 
therefore, been proposed by Mr. Hellott as very propet 
for the specula of tellescopes. 	Mr. Hatchett united 11  

• parts of gold and 1 of zinc. The alloy was of a pale green' 
ish-yellow like brass, and very brittle. 	Its specific gravity 
was 16•937. 	The bulk of the metals before union was 
1000; after it, 997 nearly. 	Hence the union is acconr 
panied with a small degree of contraction. 	The brittleness 
continued though the zinc was reduced to leth of the alloY0 
r4T,-ths of copper being added to reduce the gold to the 
standard value. 	Even the fumes of zinc near melted gold 
are sufficient to render the precious metal .brittle.t 	Hellot 
affirms, that when 1 part of gold is alloyed with 7 of zinc, 
if the zinc be elevated in the state of flowers, the whole of 
the gold rises along with it. 

• 
Hatchett on the Alloys of Gold, p. 22, 	t Mem. Acad. Par. 1735. 

I Hatchett on the Alloys of Gold, p. 17. 
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GOLD. 	 491 
combines very readily with bismuth by fusion. Chap. 111. 

of 11 gold and 1 bismuth was found by 1 /4--Ne—d  
a greenish yellow colour, like bad brass. It Bismuth, 

and had, a fine grained earthy fracture. 	Its 
was 18'038. 	The bulk of the metals before 

after it only 988. 	They had suffered, 
contraction. 	The properties of 

nearly the same when the bismuth 
of the compound; the requisite quantity 

reduce the gold to standard being added. 
was diminished beyond this proportion, 

the alloy became nearly that of gold; but its 
even when the bismuth did not exceed 

• mass. 	As the proportion of bismuth dimi- 
of the copper increased (the gold being 

the contraction disappeared, 	and an 
place, which was soon much greater than 

alone was used to alloy the gold. 	This curious 
appear evident from the following table.* 

nished, and that 
,always standard), 
txpansion took 
:when copper 
progression will 

Metals. Grains. Specific gra- 
vity of alloy. 

Bulk be- 

fusion. fore of 
Do.  after. Change 

bulk. 

Gold 
Bismuth. 

442 
38 18'038 1000 988 —12 

Gold 
Copper 
Bismuth 

44,2 
30 
8 

17'302 1000 1018 +18 

Gold 
Copper 
Bismuth 

112 
31 

4 
16'8161 1000 

1000 

1000 

1014 

1047 

1027 

+ 44, 

+47  

+ 27 

Gold 
Copper 
Bismuth 

Gold 
Copper 
Bismuth 

44.2 
37.5 

0'.3 
16.780 

14,2 
37.75 
0'25 

17'195 
. 

So great is the tendency of bismuth to give brittleness to 
sold, that the precious metal is deprived of its ductility, 

' The specific gravity of the gold was 19.172 (it was 23 carats 8 i 
Ine„ of the bismuth 9.822, of the copper 8895. 
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Book I. 

Division II. to 

SIMPLE 

merely by keeping it, 
the  same temperature.* 
XVII.  When 11 parts 

an alloy is formed, 
but is rather more 

like glass, and 
a pale brown colour, 

the appearance 
even when the proportion 

it amounts only to 
lead are sufficient to 

gravity of the alloy 
is somewhat less 

an expansion. 
diminishes (the gold 

being supplied by 
the lead amounts 

knowing table exhibits 

gold, 
breaking 
of 
having 
nues 
that 
of 
specific 
which 
undergo 
lead 
ciency 
when 

while in fusion, 

of gold 
which 

pale. 
exhibiting 
without 

of porcelain. 

of ,_,.1„th 

COMBUSTIBLES. 

of 

near bisqat.ii raised 
, 

are melted With one of 
has externally the colourif 

It is exceedingly '16ritilet  
a fine-grained fractme, 

any metallic lustre, and 
The brittleness,conti-

lead is so far diminished 
the alloy. Even the fumes 

	

ductility of grid. 	The 
gold and 1 lead is 18'080, 
mean ; so that the metals 

increases as the 
the same, and the defi-

and becomes a maximum 

	

nth of the alloy. 	The 
this remarkable expansion: 

This expansion 

—̀v---1  
Lead, 	lead, 

• 

destroy the 
of 11 

than the 

remaining 
copper), 
only to 

a view of 

Metals. Grains. Specific gra- 
vity of alloy. 

Bulk be- 
fore  

union. 
, 	after. Do . E

s
x
io
p
n
an
.
.. 

Gold 
Lead 

442 
38 18'080 1000 1005 5 

Gold 
Lead 
Copper 

Gold 
Copper 
Lead 

Gold 
Copper 
Lead 

.442 
19 
19 

442 
30 
8 

442 
54 
4 

17'765 1000 1005 

---, 

1022 

1035 

1057 

1031 

6 

— 

22 

— 

35 

57 

--. 

31t 

17'312 

—.--- 

17'032 

1000 

1000 

1000 

1000 

Gold 
Copper 
Lead 

442 
57'5 
0'5 

16'627 

17.039 
442  Gold 

Copper 
Lead 

37.73 
0'25 

* See Hatchett on the Alloys of Gold, p. 26. 
t See Hatchett on the Alloys of Gold, p. 29 and A/ 
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XVI 	. Tin unites readily with gold by fusion, and was Chap. IL 
k. .—v....., supposed I, 	the older chemists to have the property °f  communicating brittleness to the alloy in how small a por-

tiosn soever it was united to the precious metal; but later 
and ihtl/v precise experhnents have shown that this opinion 
livas,,ill founded. 	The mistake was first removed by Mr. 

Tin , 

Alchorne, in a set of experiments on this alloy published in 
the Philosophical Transactions for 1784 ;• and these have 
been amply confirmed by the subsequent trials of Mr. Hat- 
chett. 	An alloy of 11 gold and 1 tin has a very pale whi- 
tish colour.; brittle when thick ; but when cast thin, it bends 
easily, but breaks when passed between rollers. 	The 
fracture is fine grained, and has an earthy appearance. The 
specific gravity of this alloy was 17'307. 	The bulk of the 
two metals before fusion being reckoned 1000, after fusion, 
it was reduced to 981; so that the metals contract very con- 
siderably by uniting together.* 	When gold was made 
standard by equal parts of tin and copper, an alloy was 
obtained of a pale yellow colour, and brittle ; but when the 
tin amounted only to .6!s of the whole, the alloy was perfectly 
(luctile.f 	Indeed, from the experiments of Mr. Alchorne, 
we learn, that when gold is alloyed with no more than -311-th 
of tin, it retains its ductility sufficiently to be rolled and 
stamped in the usual way. 	But Mr. Tillet showed, as was 
indeed to have been expected, that when heated to redness, 
it falls to pieces, owing to the fusion of the tin. 	Both of 
these facts have been confirmed by the late experiments of 
Mr. Bingley. 	He found that an alloy of gold with nth of 
tin, when annealed in a red heat, just visible by day-light, 
Which is equal to .5° of Wedgewood, was quite ductile, and 
capable of being worked into any, form ; but when heated to 
a cherry red, or to 10° Wedgewood, blisters began to 
appear on the surface of the bar; its edges curled up ; and 
at last it lost its continuity, and fell into a dark-coloured 
mass with little of the metallic lustre.t 

XIX. The alloy of gold and copper is easily formed by 
tnelting the two metals together. 	This alloy is much used, 
because copper has•the property of increasing the hardness 
of gold without injuring its colour. 	Indeed a little copper 

• Hatchett, on the Alloys of Gold, p. Se. 	t Hatchett, Ibid. 

coppu, 

Ibid. 
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Book T. heightens the colour of gold without.diminishim;efil ducti- 
Mvis....i"  II-  The—) litY. 	This alloy is more fusible than gold, and is therefore 

used as a solder for that precious metal.* 	Copper increases 
likewise the hardness of gold. According to Musclrii-
broeck, the hardness of this alloy is a maximum when it is 
composed of 7 parts of gold and 1 of coppent Gold all9yea 
with ,illth of pure copper by Mr. Hatchett, was perfectly 
ductile, and of a fine yellow colour, inclining to red. 	Ils 
specific gravity was 17.157. 	This was below the mean,  
Hence the metals had suffered an expansion. 	Their bulk 
before union was 2732, after union 2798. 	So that 9161 of 
gold and 834- of copper when united, instead of occupying 
the space of 1000, as would happen were there no expansion, 
become 10244 

Gold coin. Gold coin, sterling or standard gold, consists of pure gold 
alloyed with yvth of some other metal. 	The metal used i5 
always either copper or silver, or a mixture of both, as is 
most common in British coin. 	Now it appears 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 ,14-th of silver and ,' 	of 
copper was 17.344. 	The bulk of the metals before combing' 
tion was 2700; after it 27674. 	We learn from the experi.. 

' Wasserberg, i. 112. 	 f Ibid. 
X I-Iatchett on the Alloys of Gold, p. 66. 	The gold was already al' 

loyed with 1-96th of copper; the expansion, had the gold been pure, 
would have been greater. 	For the specific gravity of an alloy of 11 
gold and 1 copper, (supposing the specific gravity of gold 19.3, of cop' 
per 8.9), should be by calculation 17.58.

• 
Its real specific gravity if 

only 17.157. 
.§ The first guineas coined were made standard by silver, afterward9 

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 specific gravity of gold made standard by silver is 	* 17.052/ 

	

copper 	 11.10 
silver and copper 17.31) 

The following trials made by 11r. Hatchett will show the specili& 
gravity of our coins in different reigns. 

Reign. 	 Date. 	SpeciEc gravity. 
Cu A II LES IL a five-guinea piece.  	1681 	17.825. 
JAxits II. 	a two-guinea piece  	1687 	17.634., 
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Inenis -F Mr. FIatehett that our standard gold suffers less Chap. III: 
from frict... n than pure gold, or gold made standard by any 
other metal besides silver and copper; and that the stamp 

"--v-1  

;snot so liable to be obliterated as in pure gold. 	It there- 
fortirtswers better for coin. 	A pound of standard gold is 
'coined into 444-, guineas. 

XX. The amalgam of gold is formed very readily, be- 
cause, there is a very strong affinity between the two metals. 

Mercury.' 

If a bit of gold be dipped into mercury, its surface, 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 whiteness. 	By squeezing it through leather, the 
excess of mercury may be separated, and a soft white amal-
gam obtained, which gradually becomes solid, and consists 
of about 1 part of mercury to 2 of gold. 	It melts at a mo- 

. derate temperature; 	and in a heat below redness the 

Reign. 	 Date. 	Specific gravity. 
WILLIAM III. a five-guinea piece 	 1701 	17/10. 
GEORGE I. 	a quarter-guinea 	  1718 	16'894. 
GEORGE II. 	a guinea 	  1735 	17.637. 

1740 	17.848. a two-guinea piece 	 
GEORGE III: 	a one guinea 	  1761 	17137. 

 	1760 	17'655. a one guinea 	 
1774 	17126. a one guinea 	  
1775 	17'698. a one guinea .. 	 
1776 	17'486. a one guinea 	  
1777 	17150. a one guinea 	  

a 	 1782. 	17•201. one guinea 	  
one 	 1786 	17'465. ...----- 	a 	guinea 	  

a one guinea 	  1788 	17'418. 
' 	five guineas., 	1793 	17112. 

ten half-guineas 	  1801 	17.750.  
15 seven-shilling 	 1802 	17.793. pieces* 	 

* Supposing guineas, half-guineas, and seven-shilling pieces, to be 
made from the same metal, there is reason to expect (in a given compa-
rative sum of each) an increase of specific gravity in the smaller coins, 
as a natural consequence of rolling, punching, annealing,. 	blanching, mil- 
ling, and stamping; Ole effects o 	which must become more evident in 
proportion 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:, Wily probably be estimated at 17/24. 
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Book I. mercury evaporates, and leaves the gold in a state,r4i)nrity. 
Division II. It is much used in gilding. 	The amalgam is si„kead upon 

the metal, which is to be gilt ; and then by the application 
of a gentle and equal heat, the meretnry is driven off, and OW 
gold left adhering to the metallic surface ; this sutiat:e is 
then rubbed with a brass wire brush under water, and after-
wards burnished.* 

‘—`"--) 

Silver. XXI. When silver and gold are kept melted together, 
they combine, and form an alloy composed, as Homberg 
ascertained, of 1 part of silver and 5 of gold. 	He kept 
equal parts of gold and silver in gentle fusion for ,a quarter 
of an hour, and found, on breaking the crucible, two masses, 
the uppermost of which was pure silver, the undermost the 
whole gold combined with .. of silver. 	Silver, however, 
may be melted with gold in almost any proportion ; and if 
the proper precautions be employed, the two metals remain 
combined together. 

The alloy of goldfand silver is harder and more sonorous 
than gold. 	Its hardness is a maximum when the alloy 
contains 2 parts of gold and 1 of silver.t 	The density of 
these metals is a little diminished,t and the colour of the 
gold is much altered, even when the proportion of the silver 
is small; 1 part of silver produces a sensible whiteness in.  
20 parts of gold. 	The colour is not only pale, but it has 
also a very sensible greenish tinge, as if the light reflected 
by the silver passed through a very thin covering of gold. 
This alloy, being more fusible than gold, is employed to 
solder pieces of that metal together. 

. 

SECT. II. 

OP PLATINUM.  
GOLD, the metal just described, was known in the earliest 

ages, and has been always in high estimation, on account of 
its scarcity, beauty, ductility, and indestructibility. 	But 
platinum, though perhaps inferior in few of these qualities, 

* Gellert's Metallurgic Chemistry, 375y and Lewis, Phil. Corn. p. 75. 
t Muschenbroek. 	 1 Hatchett. 

1 
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tind cerfittoly far superior in others, was unknown in Europe)  Chap. III. 
...-,v.--., 

as a distiOt metal, before the year 1749.* 
I. It has hitherto been found only in America, in Choco History of 

i..., Peru, and in the mine of Santa Fe, near Carthagena. .-s 
Platinum. 

Vaittfrit\lin has lately discovered it in considerable quantity 
in the silver mines of Guadalcanal, in the province of Estre- 
rnadura in Spain.t 	The workmen of the American mines 
must no doubt have been early acquainted with it; and in-
deed some of its properties are obscurely mentioned by some 
of the writers of the 16th century. 	Mr. Charles WTood, 
assay-master in Jamaica, saw it in the West-Indies about 
the year 1741. He gave some specimens of it to Dr. Brown- 
rigg, who presented it to the Royal Society in 1750. 	In 
1748 it was noticed by Don Antonio de Lilloa, a Spanish 
mathematician, who, in 1735, had accompanied the French 
academicians to Peru in their voyage to measure a degree 

. 
* Father Cortinovis, indeed, has attempted to prove that this metal 

was the electrunz of the ancients. 	See the Chemical Annals of Brug- 
natelli, 1790. 	That the electrum of the ancients was a metal, and a 
very valuable one, is evident from many of the ancient writers, parti- 
cularly Homer. 	The following lines of Claudian are alone sudicient to 
prove it: 

• 

" Atria cinxit ebur, trabibus solidatur ahenis 	• 
" Culmen et in celsas surgunt electra columnas." 	L. I. v. 164. 

Pliny gives us an account of it in his Natural History. 	He informs 
us that it was a composition of silver and gold; and that by candle-light 
it shone with more splendour than silver. 	The ancients made cups, 
statues, and columns of it. 	Now, had it been our platinum, is it not 
rather extraordinary that no traces of a metal, which must have been 
pretty abundant, should be perceptible in any part of the old continent? 

As the passage of Pliny contains the fullest account of electrum to be 
found in any ancient author, I shall give it in his own words, that every 
one may have it in his power to judge whether or not the description 
will apply to the. platinum of the moderns. 

" Omui auro inert argentUm vario pondere.—Ubicunque quinta argen- 
ti portio est, electrum vocatur. 	Scrobes eat reperiuntur in Canaliensi. 
Fit et cure electrum argento addito: 	Quod si quintam poi tionem ex- 
cessit incudibus non restitit. 	Et electro auctoritas, Homero teste, qui 
Menelai regiam auro, electro, argento, chore fulgere tradit. 	Minerva: 
tempi= habet Lindos insular Rhodiorum in quo Helena sacravit cali-
cam ex electro.—Electri nature est ad lucernarum lumina clarius argento 
splendere. 	Quod est nativum et venena deprehendit. 	Nareque discur- 
runt in calicibus arcus ccelestibus similes cum igneo stridore, et pulina  
ratione pradicunt."—Lib. xxxiii. cap. iv. 	 _ 

71- Ann. de Chilli. lx. 317. 
VoL. I. 	 2 ic 
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Book I.  of the meridian. 	A paper on it was publishey" Mr. 
Division II. ,..—.v.--., Wood in the 44th volume of the Philosophical," Transac- 

t. ons for 1749 and 1750. 	Dr. Lewis began a set of expe- 
riments on it in 1749, the result 'of which was published ip 
four papers in the Philosophical Transactions for 174,-quid 
afterwards two other papers were added.* 	These exnri- 
ments demonstrate its peculiar nature and its remarkable 
properties. 	In 1752, Scheffer of Sweden publisheka dis- 
sertation on this metal, remarkable for its precision, if we 
consider the small quantity of ore on which be had to work, 
which was not more than 40 grains. 	The experiments of 
Lewis were repeated, and many curious additions made to 
them by Margraff in 1757.-1-• These dissertations having 

. been translated into French, drew the attention of the che-
mists of that country, and induced Macquer and Baum 
to make a set of experiments on platinum, which were soon 
followed by the experiments of Buffon, Tillet, and Mor-
veau ; § Sickengen,II Bergman,** Lavoisier,tt and more 
lately Mussin Puschkin,It and Morveau ;§§ and several other 
chemists of eminence have added to our knowledge of this 
mineral. But the experiments of Berzeliusin and Edmond 
Davy***  have added most to our knowledge of its combi-
nations. 

Crude platina comes from America in small flat grains of 
a silvery lustre. In this state it is exceedingly impure, con-
taining, either mechanically mixed, or chemically united, no 
less than nine other metals; but it may be reduced nearly to 

Purifica- a state of purity by the following process. 	Dissolve the 
Lon. grains in concentrated nitro-muriatic acid with as little heat 

as possible. Decant the solution from the black matter which 
resists the action of the acid. 	Drop into it a solution of sal 
ammoniac. 	An orange yellow-coloured precipitate falls to 
the bottom. 	Wash this precipitate ; and when dry, expose 
it to a heat slowly raised to redness in a porcelain crucible. 

14' Phil. Trans. xlviii. 638, and 1. 148. 	See also Phil. Corn. p. 443, 
for a full detail of all the experiments on this metal made before 1763. 

t Mern. Berlin. 1757, p. 31, and Margraff's Opusc. ii. 226. 
I Mem. Par. 1758, p. 119. 	§ Jour. .de Phys. iii. 234. 
ll Macquer's Dictionary. 	" Opusc. ii. 166. 
ft Ann. de Chim. v. 137. 	t t Ann. de Chim. xxiv. 205. 
.§4 Ibid. xxv. 3. 	 MI Ibid. lxxxiii. 167. 
*I's Phil. Mag. ii. 27, 209, 263, 350. 
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The*plitder which remains is platinum nearly pure. 	By Ch ap. Ili 
redissolvi.4g it in nitro-muriatic acid, and repeating the 
whole process, it may be made still purer. 	When these 
trains are wrapt up in a thin plate of platinum, heated to 
rectiiat, and cautiously hammered, they unite, and the whole 
mgy be formed into an ingot 

1. Platinum, thus obtained, • is of a white colour like sil- 
ver, but not so bright.t 	It has no taste nor smell. 

2. Its hardness is intermediate between that of copper 
and iron. 	Its specific gravity when reduced from the am- 
monio-muriate by heat is 2P47. 	By hammering it may be.  
increased 	so that its maximum specific 	is Th-,th ; 	 gravity 

"--"'"d  

Properties. 

• 

21•5313.$ 
3. It is exceedingly ductile and malleable; it may be 

hammered out into very thin plates, and drawn into wires 
not exceeding 	inch in diameter. 	In these -.-- 	 properties 
it is probably inferior to gold, but it seems to surpass all the 
other metals. 

4. Its tenacity is such, that a wire of platinum 0.078 inch 
in diameter is capable of supporting a weight of 274.'31 lbs. 
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 strongest artificial 
heat which can be produced. 	Macquer and Baumt 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. II 	It may indeed be melted without difficulty when com- 
bined or mixed with other bodies, 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, 

• Phil. Mag. xxi. 175. 
t To this colour it owes its name. 	Plata, in Spanish, is " silver;" 

and platina, "little silver," was the name first given to the metal 
,Bergman changed that name hit° platinum, that the Latin names of all 
the metals might have the same termination and gender. 	It had been, 
however, called platinuni by Linnaeus long before. 

I Dr. Wollaston. 	 § Morveau, Ann. de Chim. xxv. 7. 
II Dr. Clarke, by means of his oxygen and hydrogen gas blow-pipe, 

melted pieces of platinum weighing 100 grains. 
2 X. 2 
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Book I. II. It cannot be combined with oxygen and fieliii;erted. 
Division it. 
%.......„--, into an oxide by the strongest artificial heat of out,' furnaces. 

Oxides. Platinum, indeed, in the state in which it is brought from 
America, may be partially oxidized by exposure to a violer, e. 
heat, as numerous experiments have proved; but fa Iliat 
state it is not pure, but combined with a quantity of iron. 
It cannot be doubted, however, that if we could subject it 
to a sufficient heat, platinum would burn, and be oxidized 
like other metals: for when Van Marum exposed a wire of 
platinum to the action of his powerful electrical machine, it 

• burnt with a faint white flame, and was dissipated into 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. 

At present only two oxides of platinum are known; the pro- 
/oxide has a black colour but the peroxide is dark brown or grey. 

protoxide. 1. The protoxide may be obtained by pouring a neutral 
solution of mercury into a dilute solution of muriate of pla- 
tinum in hot water. 	A dense powder precipitates, varying 
in colour from deep brown to yellow and sometimes olive 
green. • It is a mixture of caloniel and protoxide of plati- 
num. 	It must he carefully washed and dried and then ex- 
posed to a heat just nifficient to volatilize the calomel. 	A 
deep black powder remains which is the protoxide. 	One 
hundred grains of it when heated to redness give off 121 
cubic inches of oxygen gas and are reduced to the metallic 
state. 	When heated with lamp black it gives out the 'same 
proportion of carbonic acid and is reduced to the metallic 
state. 	Mr. Cooper to whom we are indebted for the dis- 
covery of this oxide found that it might be heated strongly 
when mixed with enamellers' flux without boing reduced 
On this account he considers it as a valuable addition to the 
colours of enamellers.* 	From the preceding experiments 
it follows, that protoxide of platinum is composed of 

Platinum 	 100 
Oxygen  	4.1q3 

Hence an atom of platinum must weigh 22'6251  and an 
atom of protoxide of platinum 23'625. 

Royal Institution Journal iii.119. 
6 
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2.
-. 
 YiLz peroxide of.platinum appears to be a compound Chap. III. 

v......./ of 1 aton-imetal and 3 atoms oxygen, or to be a tritoxide. pa
.......  •de. 

No accurate account of it has been hitherto published. But 
Mr. Edmond Davy has..ascertained that when his fulminat-
inepratinum is treated with nitric acid and heated cautiously 
a grey oxide remains, which he concludes from his experi-
ments to be composed of 

Platinum 	 100 
. 	. 	Oxygen 	11.36 

Berzelius endeavoured to obtain the peroxide of platinum 
by the following process. 	He decomposed the muriate by 
adding an excess of sulphuric acid. 	This excess was 
distilled off and the sulphate of platinum decomposed by 
caustic potash added in slight excess. 	The peroxide sepa- 
rates in the form of a light yellowish-brown bulky powder. 
When this powder is heated it becomes dark brown, almost 
black, and gives out water. When the Peroxide of platinum 
is exposed to a, high temperature it is reduced to the metallic 
state givino• out oxygen gas. 	It dissolves in the fixed alka- 
lies both when caustic and when in the state of carbonates. 
It combines ,likewise with lime, strontian, and barytes. This 
is the oxide which constitutes the base of the platinum salts.* 
According to, the experiments of Berzelius it contains twice 
as much oxygen as the protoxide. 	It is therefore a com- 
pound of 

Platinum 	 100 
Oxygen  	16'191 

The mean of Berzelius' numbers and those of Edmond. 
Davy would give 14•177 for the oxygen in the peroxide. 
Now this does not differ much crom 13'269 the quantity of 
oxygen, which would be requisite to form a tritoxide. 

III. Platinum does not take fire when introduced into 
chlorine gas ; but it slowly imbibes the gas and is converted 
into a chloride. 	Mr. Edmond Davy, to whom we are in- 
debted for all the facts respecting this combination at pre,  
sent known, is of opinion that there are two chlorides of 
platinum. 	The protochloride - is soluble in water and hat 

Chlorides. 

1101 been much examined. 	The perchloride is an insoluble 

* Berzelius; Larbok i Kemieu, ii, 422. 
t Phil. Nag. xl. q71. 
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Book I. powder. 	But the existence of this last only has beefiktiArly 
Division IL ..—v...../ made out.* 	 ii 
Perchlo- 'A) obtain this chloride pure platinum is to be boiled in 
ride• strong muriatic acid adding occasionally a little nitric acilifil 

• The solution is to be evaporated to dryness and thiLtitti- 
Bested with a little muriatic acid which is likewise to 1:ie 
driven of • The dry mass is to be cautiously heated nearly 
to redness and boiled with a considerable quantity of wafer. 
Being now dried it is pure chloride of platinum. 

Its colour is dull olive brown or green. 	It has rather a 
harsh feel; but is destitute of taste and smell. 	It is infusi- 
ble. 	It does not appear to be altered by exposure to the 
atmosphere and it is scarcely soluble in water. • When 
heated to redness the chlorine is driven off and pure plati- 
num remains. 	It is slightly soluble in boiling muriatic acid 
but it is insoluble in nitric, sulphuric, phosphoric, and acetic 
acids. 	When boiled in potash ley a black powder is ob- 
tained which-  yields both oxygen and chlorine by heatt 
When it is heated with sulphur or phosphorus, chloride§ of 
sulphur and phosphorus are obtained and phosphorus or 
sulphuret of platinum. 	According to the experiments of 
Mr. Edmond Davy, the chloride of platinum is composed of 

Platinum .... 100 	or nearly 12.125 
Chlorine .... 	37.93. 	4.5 

From this analysis we see that it is a compound of 1 atom 
platinum + 2 atoms chlorine. 	The soluble chloride, if it 
be really distinct, must be the protoehloride. 

IV. The iodide of platinum has not been examined. 
We are ignorant of the action of fluorine on this metal. 

It does not combine with azote, hydrogen, carbon, boron, 
or silicon. 

V. It unites in two proportions with phosphorus. 	For 
our knowledge of these two combinations we are indebted 
to Mr. Edmond Davy.t 

Protophos- 1. Protophosphuret of platinum may be obtained by heat- 
Phuret" ing phosphorus and platinum in an exhausted glass tube. 

At a temperature considerably below redness they combine 
with vivid ignition and flame. Protophosphuret of platinum 
has a bluish gray colour. 	When it has undergone fusion 

• Phil. Mag. xl. 271. 	f Is not this the protoxide of Berzelius 
$ Phil. Mag. xl. 32. 
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its lu-slie is little inferior to that of lead. 	It crystallizes in Chap. III. 
cubes. 	Its specific gravity while porous is 6. 	It is desti- L—v—d  
tute of taste and smell. 	It is a nonconductor of electricity. 
When strongly heated on platinum it unites with the metal 
wigEhtlit perforates with holes. 	According to the experi-
ments of Mr. Edmond Davy it is composed of 

Platinum 	 100 
Phosphorus  	2P21 

2. Perphosphuret of platinum is obtained by heating to- Perphos-
gether ammonio-muriate gl platinum with about two thirds phuret. 

Of its weight of phosphorus in small bits in a retort over 
mercury. 	TOwards the end of the experiment the retort 
should be heated to a dull red to expel every thing volatile. 
The perphosphuret ofplatinum has an iron grey colour and 
a slight metallic lustre. 	It stains the fingers or paper, but 
the lustre is inferior to that communicated by persuiphuret 
of platinum. 	Specific gravity .5•28. 	It is destitute of taste 
and 'smell, and is a nonconductor of electricity. 	When 
heated it becomes ignited and diminishes in bulk without 
changing its colour. 	According to the experiments of Mr. 
Edmond Davy, it is composed of 

Platinum 	 100 
Phosphorus  	42.85* 

VI. Platinum combines with three proportions of sulphur. suiphurets.• 
Tor the investigation of these compounds also we are in-
debted to Mr. Edmond Davy.t 

1. Protosulphuret of platinum was formed by mixing Protosul-
equal weights of sulphur and platinum in an exhausted glass phuret. 
tube and heating them together. 	Towards the end of the 
process the mass was heated nearly to redness to expel every 
thing volatile. , Protosulphuret of platinum thus formed is 
of a dull bluish grey colour. 	Its lustre is earthy; but when 
rubbed on paper it leaves a metallic stain. 	Its feel is rather 
harsh. 	It has no smell or taste. 	Its specific gravity is 6•2. 
It is a nonconductor of electricity. 	It is decomposed when 
heated with zinc filings. 	According to the analysis of 
Mr. Edmond Davy, its constituents are, 

• The analyses of these two phosphurets agree very well with each 
other, but they do not correspond with the numbers which we have 
..nopted for the weight of an atom of phosphorus and platinum. 

t Phil. Mag. xl. 27, 219. 
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Book I. Platinum 	 100 
Divisionlf. 
.......v-..., Sulphur 	19'04 

Deutosul- 2. Deutosulphuret of platinum is obtained by precipitat- 
phurct. ing 	from its Solution by 	hydroam (re, platinum 	

vessels and heating the, precipitate which falls in. close vessels. 	It 
is a tasteless loose powder, of a bluish black colour, stair4ng 
paper and the fingers like black lead. 	It, is composed of 

Platinum 	 , 	100 
Sulphur 	28.21* 

Persulphu- 3. Persulphuret of platinum is obtained by heating a mix- 
rer. Vt.,: of 3 parts of ammonio-muriate of platimim and 2 parts 

of sulphur in a glass retort over mercury. 	The mixture 
must be gradually heated to redness and continued for some 
time in that heat till every thing volatile be expelled. 	It 
has a dark iron grey colour approaching to black. 	When 
in lumps it has a slight metallic lustre. 	It.has a soft feel 
and when rubbed on paper leaves a stain similar to that of 
black lead. 	Its specific gravity is 5.5. 	It is a noncon- 
ductor of electricity. 	it does not melt though exposed to a 
very strong heat. 	When heated with zinc filings combus- 
tion takes place and gulphuret of zinc is formed. 	When 
heated to redness in the open air the sulphur is expelled and 
pure platinum remains. 	According to the analysis of Mr. 
Edmond Davy, its constituents are, 

Platinum 	 '100 
• Sulphur 	38'8 

The sulphur in these three compounds is as the numbers 
1, 4, 2. 	Hence the first should be a compound of 1 atom 
platinum and 1 atom sulphur, the second of 2 atoms plati-
num and 3 atoms sulphur, and the third of l•atom platinum 
and 2 atoms sulphur. 	But the numbers do not correspond 
with the weight of an atom of platinum as deduced from 
the experiments hitherto made on the subject. 	Hence 
it is probable that this number is incorrect. 	-We cannot 
venture to determine the weight of an atom of phosphorus 
from these experiments of Mr. Edmond Pavy, because the 
numbers for the phosphurets and sulphurets do not acco,r4 
pith each other. 

* Phil. Mag. xl. 219. 
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Vif,7 The alloy of arsenic and platinum was first examined Chap. III. 

"---v---1  by Scheffer, and afterwards by Dr. Lewis. 	The addition of 
white oxide of arsenic causes strongly heated platinum to Alloys with 

;pelt; but the mixture  does not flow thin, and cannot be arsenic,  
polLiki out, of the crucible., 	The alloy is brittle and of a 
gr,ey colour. 	The arsenic is mostly expelled in a strong 
heat, leaving the platinum in the state of a spongy mass.* 	' 

VIII. Platinum unites with potassium and sodium with Potassium, 
ignition, as Sir H. Davy first ascertained. 	The alloy is sodium, 

decomposed by the action of air or water. 
IX. We are ignorant of the alloys which platinum is ca-

pable of forming with the metallic bases of the alkaline 
earths and earths proper.  

X. Platinum is usually found alloyed with iron. 	Dr. Iron, 
Lewis did not succeed in his attempts to unite these metals 
by fusion, but he melted together cast iron and crude platina, 
and likewise, steel and crude platina. • The alloy was exces-
sively hard, very tough, and possessed some ductility when 
the iron was about 13-ths of the alloy. 	The specific gravity 
greatly exceeded the mean; the platina having destroyed 
the property which cast iron has of expanding when it 
becomes solid. 	This alloy, after being kept ten years, was 
very little tarnished. 	At a red .heat it was brittle, and 
appeared, when broken, to be composed of black grains, 
without any metallic lustre.t 

XI. We are unacquainted with the alloys which platinum 
forms with nickel, cobalt, manganese, uranium, and cerium. 

XII. Dr. Lewis found that platinum unites with the zinc, 
fumes of zinc reduced from its ore, and acquires about 4-d 
of additional weight. 	The two metals very readily melt, 
even when the zinc does not exceed 4-th of the platinum. 
The alloy is very brittle, of a bluish white colour, and much 
harder than zinc. 	One twentieth of platinum destroys the 
malleability of zinc, and nth of zinc renders platinum brittle.f 

XIII. Bismuth and platinum readily melt and combine Bismuth, 
when exposed rapidly to a strong heat. 	Dr. Lewis  fused 
the metals in various proportions, from 1 of bismuth to 
24. with 1 of platinum. 	The alloys were all as brittle, and 
nearly as soft as bismuth; and when broken, the fracture 

• Phil. Corn. p. 515. 	t Ibid. p. 534, tuid 55A, 
/ Ibid. p. 520, 
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Book I. had a foliated appearance. 	When this alloy is exiled to 
Division II. the air, it assumes a purple, violet, or blue colour. 	The 

bismuth can scarcely be separated by heat.* —̀v-1  
Lead, XIV. Dr. Lewis fused crude plgtina and lead together 

in various proportions ; a violent heat was necesgiii-rto 
enable the lead to take up the platinum. 	Hence a portipn 

• of the lead was dissipated. 	The alloys had a fibrous or 
leafy texture, and soon acquired a purple colour when 
exposed to the air. 	When equal parts of the metals were 
used, the alloy was very hard and brittle; and these quali- 
ties diminished with the proportion of platinum. 	When the 
alloys were melted again, a portion of the platinum subsided.t 
Many experiments have been made with this alloy, in order, 
if possible, to purify platinum from other metals by cupella- 
tion, as is done successfully with silver and gold. 	But 
scarcely any of the experiments have succeeded; because 
platinum requires a much more violent heat to keep it in 
fusion than can be e`sily given.$ 

Tin, XV. From the experiments of Dr. Lewis we learn, that 
tin and platinum readily melt, and form an alloy which 
is brittle and dark coloured when the proportions of the two 

• metals are equal, and continues so till the platinum amounts 
only to +th of the alloy; after this the ductility and white 
colour increase as the proportion of platinum diminishes. 
When this alloy is kept, its surface gradually tarnishes and 
becomes yellow, but not so readily if it has been polished.§ 

Copper, XVI. 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 Composing the mir- 
rors of reflecting telescopes. 	The platinum dilutes the 
colour of the copper very much, and even destroys it, unless 
it be used sparingly. 	For the experiments made upon it 
we are indebted to Dr. Lewis. II 	Strauss has lately proposed 
a method of coating copper vessels with platinum instead of 
tin ; it consists in rubbing an amalgam of platinum over the 
copper, and then exposing it to the proper heat.** 

Copper and 
zinc, 

XVII. Mr. Cooper has formed an alloy of 7 parts plati- 

* Philos. Commerce, p. 509, 513. 	t Ibid. p. 512. 
/ Ibid. p. 561. 	 4 Ibid. p. 510. 
" Nicholson's Jour. ix. 303. 	 it Ibid. p. 529. 
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tium, 13 copper, and 1 zinc, that has much the appearance Chap. III. 
of pure gold. 	The copper and platinum are first fused with 
the usual precautions of covering the metals with charcoal 
acid adding a flux of borax. 	-When it is in perfect fusion 
it isl'ilt-noved from the fire, the zinc is added, and the mix- 
ture stirred. 	This alloy is very ductile, is not oxydized by 
exposure to the air, and is not dissolved by nitric acid 
except at a boiling heat.* 

""\e-1  

XVIII. Dr. Lewis attempted to form an amalgam of 
platinum, but succeeded only imperfectly, as was the case 
also with Scheffent 	Guyton Morveau succeeded by means 
of heat. 	He fixed a small cylinder of platinum at the bot- 
tom of a tall glass vessel, and covered it with mercury. The 
vessel was then placed in-a 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 platinum partly oxidated. 	It is 
remarkable that the platinum, notwithstanding its superior 
specific gravity, always swam upon the surface of the mer-
cury, so that Morveau was under the necessity of fixing it 
down.t 

Mercury, 

. 

The simplest and easiest way of combining platinum and 
mercury was pointed out by Muschin Pushkin. 	It consists 
in triturating with mercury the fine powder obtained by 
precipitating platinum 	from 	nitro-muriatic acid by sal 
ammoniac, and exposing the precipitate to a graduated heat. 
Some trituration is necessary to produce the commence-
ment of combination ; but when once it begins it goes on 
rapidly. 	Small quantities of the platinum and mercury are 
to be added alternately till the proper portion of amalgam 

* Journal of the Royal Institution, iii. 119. 

. 

. 	1- • Lewis, Phil. Corn. p. 508. 
1 Ann. de Chim. 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 account of its weight ; but a small slip (a platinum wire, for in-
stance) swims, being unable to overcome the cohesion of the mercury. 
however, if you pluilge it to the bottom, it remains there in conse- 
quence 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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Book 1. is procured. 	The excess of mercury is then separated by 
Diviswin H. 
....... 	i v.— 

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, acquires 	hardness. 	E. 
adheres readily to the surface of glass, and convertsoieitto 

, a smooth mirror. 	 c 
Silver, XIX. When silver and platinum are fused together (for 

which a very strong heat is necessary), they form a mixture, 
not so ductile as silver, 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 circumstance would induce one to suppose 
that there is very little affinity between them. 	Indeed Dr. 
Lewis found, that when the two metals were melted toge-
ther, they sputtered up as if there were a kind of repugnance 
between them. 	The difficulty of uniting them was noticed 
also by Scheffer.'4: 

1. Gold. XX. Dr. Lewis 'found that gold united with platinum 
when they were melted together in a strong heat. 	He em- 
ployed only crude plating; but Vauquelin, Hatchett, and 
Klaproth, have since examined the properties of the alloy 
of pure platinum and gold.t 	To form the alloy, it is neces- 
sary 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 colour is remarkably injured ; 
the alloy having the appearance of bell-metal, or rather of 
tarnished silver. 	Dr. Lewis found, that when the platinum 
amounted only to kth, the alloy had nothing of the colour 
of gold ; even il,yd part of platinum greatly injured the 
colour of the gold. 	The alloy formed by Mr. Ilatchett of 
nearly 11 parts of gold to 1 of platinum, had the colour of 
tarnished silver. 	It was very ductile and elastic. 	From 
Klaproth we learn, that if the platinum exceed Ti:rth of thee  
gold, the colour of the alloy is much paler than gold; but 
if it be under /1-/-th, the colour of the gold is not sensibly 
altered. 	Neither is there any alteration in the ductility of 
the gold. 	Platinum may be alloyed with a considerable 
proportion of gold without sensibly altering its colour. Thus 

* Lewis's Philosoph. Commerce, p. 522. 
t Vauquelin, Manuel de l'Essayeur, p. 44.—Ilatchett, on the Alloys 

of Gold, &c. Phil. Trans. 1803.—Klaproth, Journal de Chimie, iv. 29, 
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an alloy of 1 part of platinum with 4 parts of gold can Chap. III. 
scarcely be distinguished in appearance from pure platinum. \--v""")  
The colour of gold does not become predominant till it 
constitutes eight-ninths of the alloy.* 

F'S.im these facts it follows, that gold cannot be alloyed 
:with -fl„th of its weight of platinum, without easily detecting 
the fraud by the debasement of the colour; and Vauquelin 
has shown, that when the. platinum does not exceed -ricth, 
it may be completely separated 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 yoth, it cannot be 
separated completely by that method.t 

SECT. III. 

OF PALLADIUM. 

THIS metal was discovered by Dr. 'Wollaston in 1803, 
and the first account of its properties circulated without any 
intimation of the discoverer, or the source whence the metal 
was .obtained. 	It was examined by Mr. Chenevix, who 
endeavoured to show that it was a compound of platinum 
and mercury. 	But his attempt was, unsuccessful. 	Soon 
after Dr. Wollaston announced thdt *he was the discoverer 
of palladium, and that he had obtained it from crude plati- 
num. 	It has been since examined by M. Vauquelin,t and 
a set of experiments on its oxide has been published by 

Discovery. 

Berzelius.§ 
Dr. Wollaston separated palladium from crude platina by 

the following process : 
Dissolve crude platina in nitro-muriatic acid, and into How Oh.. 

the solution, previously freed from any excess of acid, drop 
a quantity of prussiate of mercury.II 	In a short time the 
liquid becomes muddy, and a pale yellowish white matter 
falls down. • This precipitate, washed, dried, and exposed 

* Klaproth, Journal de Chimie, iv. 29. 
-I- Manuel de l'Essayeur, p. 48. 	t Ann. de Chim. lxxxviii. 167. 

tained. 

. 
§ Annals of Philosophy, iii. 354. 
ll A salt to be described in a subsequent part of this Work. 
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Book I. to a strong heat, leaves a white matter, which is palladium. 
Division II. 
.....„........) By heating it with sulphur and borax it may be obtained in 

the state of a metallic button, which will bear hammering or 
rolling. 	 e 	 e 

Properties. 1. Palladium thus obtained is a white metal, Giiiiich, 
when polished, bears a very close resemblance to platinum. 

2. It is rather harder than wrought iron. 	Its specific 
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 varying from 11.3 to 11.8. 
Vauquelin obtained it when rolled as high as 12 and a small 
fraction. 	This nearly agrees with an experiment of Mr. 
Lowry who found it 12'148. 

3. It seems to be as malleable as platinum itself. 	It 
'possesses but little elasticity, breaks with a fibrous fracture, 
and appears of a crystallized texture.  

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

Vauquelin fused it on charcoal by a jet of oxygen gas. 
When the heat was continued the metal boiled and burnt, 
throwing out brilliant sparks. 	A portion of the nrew.1 
which escaped the combustion was dissipated and condensed 
on the surface of the charcoal in very small grains. 	Plati- 
num melted in the same way does not burn like palladium, 
which shows that this last metal is more volatile and more 
combustible. 	 . 

Oxides. 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. 	Berzelius was able to 
obtain only 1 oxide of palladium. 	He formed it by heating 
palladium filings in a platinum crucible, along with caustic 
potash and a little nitre. 	The oxide has a chesnut-brown 
colour and readily dissolves in muriatic acid. 	According 
to the experiments of Berzelius it is composed bf 

Palladium . 	 100 
Oxygen 	....... . 	11.209 

Wollaston on the Discovery of Palladium, Phil. Trans. 18135. 
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Vauquelin found that when this oxide is reduced to the Chap. III. 

metallic state by being heated to redness it loses 20 per 
cent. of its weight. But we are not certain that it had been 
previously deprived of all its water. 	If we suppose this 
oxiat t'a be  a compound of 1 atom palladium and 1 atom 
oxygen, and to consist of 100 palladium + W285 oxygen, 
the weight of an atom of palladium will be 7, and the weight 
of oxide of palladium 8. 

`"Nr"' 

III. The chloride, iodide, and fluoride of palladium are 
still unknown. 

IV. It is not probable that palladium combines with 
azote, hydrogen, carbon, boron, or silicon. 	The phosphu- 
ret of palladium has not been examined. 

V. Palladium unites very readily to sulphur. 	When it 
is 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. 	According to the experiments of Vauquelin 
the sulphuret of palladium is a compound of 

sulphuret. 

Palladium 	 100 	• 
. 	 Sulphur  	24 

If we suppose the analysis of the oxide of palladium by 
Berzelius to be correct, 100 palladium ought to combine 
with 28+ sulphur. 	 • 

. 

VI. Mr. Chenevix alloyed palladium with various metals. Alloys witk 
The following are the results which he obtained. 

1. " Equal parts of palladium and gold were melted toge- 
ther in a crucible. 	The colour of the alloy obtained 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 repeated percussions. 	Its 
fracture was coarse-grained, and bore marks of crystalliza- 
tion. 	Its specific gravity was 11.079. 

2. " Equal parts of platinum and palladium entered into 
fusion at a heat not much superior to that which was capa- 
ble of fusing palladium alone. 	In colour and hardness this 
alloy resembled the former; but it was rather less malleable. 

Gold, 

Platinum, 

Its specific gravity I found to be 15'141. 
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Book I. s. " Pallikdium alloyed with an equal weight of silver, 
Division II. ..._v_.... gave a button of the same, colour as the preceding alloys. 

Silver, 

Copper, 

This 'was harder than silver, but not so hard as wrought • 
iron; and its polished surface wall somewhat like plating; 
but whiter. 	Its specific gravity was 11'290. 	a.('-f, 

4. " The alloy of equal parts of palladium and copper was 
a little more yellow than any of the preceding alloys, and 
broke more easily. 	It was haider than wrought iron..; and 
by the file, assumed rather a leaden colour, specific gravity 
10'392. 

Lead, .5. 44  Lead increases the fusibility of palladium. 	An alloy 
of these metals, but in unknown proportions, was of a grey 
colour, and its fracture was fine-grained. 	It was superior 
to all the former in hardness, .but was extremely brittle. 	I 
found its specific gravity to be 12.000. 

Tin, 6. " Equal parts of palladium and tin gave a greyish 
button, inferior in hardness to wrought iron, and extremely 
brittle. 	Its fracture was compact and fine-grained. 	Speci- 
fic gravity 8.175. 

Bismuth, 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 powder it was much.  
darker.. 	Its specific gravity I found to be 12'587. 	t 

Iron. 8. " Iron, when alloyed with palladium, tends rriIziat?.,i 
diminish its specific gravity, and renders it brittle. 	Arsenic 
increases the fusibility of palladium, tod renders it extremely 

• brittle." 

SECT. IV. 

of RHODIUM. 

Discovery. RHODIUM was discovered by Dr. Wollaston in 1801. 
While Mr. Smithson Tennant was engaged in the exami• 
nation of the black powder that remains undissolved when 
crude platina is treated with nitro-muriatic acid, Dr. Wol- 

, 
* See Chenevix's Enquiries concerning the Nature of a Metallic Sub- 

stance called Palladium, Phil. Trans. 1803; and Wollaston's Paper on 
a New Metal found in Crude Platina, Ibid. lAna .......... ; anal on the Disco- 
very of Palladium, Ibid. 1805. 	From these, most of the facts con- 
tained in this Section have been extracted. 
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laston produced soda-muriate of rhodium, and presented it Chap. III. 
to Mr. Tennant as containing one of the new substances of 	 --\e"--°  
which he was in quest. 	Mr. Tennant soon satisfied himself 
that it was quite different from his new metals. 	Upon this, 
Dr. •11.1/441aston investigated its properties, and gave it the 
name of rhodium. 

I: It may be procured from crude platina by the follow- P
.on.
repara- 

ing method of 'Wollaston : 	 tion.  

The platina was freed from mercury by exposure to a 
Ted heat, and from gold and other impurities by digestion 
in a small quantity of dilute nitro-muriatic acid in a mode--
rate sand heat, till the acid was saturated, and the whole 
was dissolved, except a shining black powder, from which 
the solution was separated. 	A solution of sal ammoniac in 
hot water was poured into this solution, in order to separate 
the platinum; the greatest part of which was precipitated 
in the form of a yellow powder. 	Into the solution thus 
freed from its platinum, a piece of clear zinc was immersed, 
and allowed to remain till it ceased to produce any farther 
effect. 	By the zinc a black powder was thrown down, 
which was washed and treated with very dilute nitric acid 
in a gentle heat, in order to dissolve some copper and lead 
Nv411  which it was contaminated. 	It was then washed and 	, 
dil'.4.1-.1;efein 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 dryness, 
and the residuum washed repeatedly with small quantities of 
alcohol till it came off nearly colourless. 	By this means 
two metallic oxides are washed off in combination with 
common salt, namely, the oxides of platinum and palla- 
dium. 	There remained behind  a deep red-coloured sub- 
stance, 	consisting 	of the 	oxide of rhodium united to 
common salt. 	By solution in water and gradual evapora- 
tion, 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 precipitates; which being strongly 
heated with borax becomes white, and assumes a metallic 
lustre. 	In this 	state it is rhodium. 	From 	Wollaston's 
analysis it follows)  that crude platina contains about 1 part 
in 250 of rhodium. 

1. Rhodium, thus obtained, 	is of a white colour, not 
VOL. I. 	 2 L 
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Book I. 	much differing from that of platinum. 	Its specific gravity, 
Division II. according to Mr. Lowry, is 10•619. 	It is brittle, amd 

requires a much higher temperature to fuse it than any 
other metal, unless iridium be an exception. 	Vauquelip ,i 

 though the com.vmation was unable to fuse it on charcoal, 
was increased by a jet of oxygen gas. 	Dr. Wollaston has 
never been able to fuse it so completely as to obtain it in a 
solid mass free from cavities. 	Its fracture is granular, and 
in hardness it appears fully equal to iron. 

It has the remarkable property of being insoluble in all 
acids. 

Oxides. 11. From the experiments of Berzelius upon this metal, 
we learn that it is capable of combining with three propor- 
tions of oxygen. 	The protoxide is black, the deutoxide 
brown, and the peroxide red. 

1. The protoxide is obtained by reducing rhodium to 
powder, and exposing it to a moderate red heat in an open 
vessel. 	It slowly combines with oxygen, and is converted 
into protoxide. 	Its colour is black, and it is .destitute of 
metallic lustre. 	When heated with tallow, or sugar, it is 
reduced with detonation to the metallic state. 	It is insolu- 
ble in acids. 	According -to the experiments of Berzelius, 
this oxide is composed of 	 t 

Rhodium . .  	100 	• 	.---21e,.. 
Oxygen  	611* 

2. Deutoxide of rhodium is obtained by calcining rho- 
- dinm in powder with caustic potash and a little saltpetre. 
The alkali is removed by water ; and if any portion of 
metal remain it is separted by levigation. 	The oxide thus 
obtained is light and flea-coloured, and retains between 15 
and 16 per cent. of potash. 	Sulphuric acid separates the 
potash, but leaves the oxide untouched. 	This ;oxide com- 
bines readily with alkaline substances, but scarcely with 
acids. 	According to the calculation of Berzelius, the deu- 
toxide of rhodium is composed of  

Rhodium .. .. 100 
Oxygen 	13.42 

3. The peroxide of rhodium is obtained by precipitating 

This proportion is an inference from the supposed composition of 
the muriate of rhodium. 
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soda-muriate of rhodium with caustic potash. 	A red Chat. III. 
powder falls, which is a compound of peroxide of rhodium 
and water. 	When heated, it gives out its water, 	and 
assumes a darker colour,. 	At a heat below redness it takes 
firergives out part of its oxygen, and is converted into 
prptoxide. 	This oxide, like the protoxide, has the pro- 
perty of combining with acids, and forming salts. 	Berze- 
lius, without having analysed it, supposes that it contains 
three times the quantity of oxygen in the protoxide, or that 
it is a compound of 

...̀ '̀rr0  

Rhodium .. 	 100 
Oxygen 	20.13* 

If we suppose the protoxide of rhodium to be a compound 
of 1 atom rhodium and ] atom oxygen, and that it consists 
of 100 rhodium united to 6'66 oxygen, which comes suffi-
ciently near Berzelius' calculation, then the weight of an 
atom of rhodium will be 15. 

III. Rhodium has been too imperfectly examined to 
enable us to state the compounds which it forms with the 
other supporters of combustion. 

IV. Rhodium unites readily with sulphur, and, like pal-
lariium, is rendered fusible by it; so also is it with arsenic. 
''' 't•:,..i.enic or sulphur may be expelled by means of heat; 
but the metallic button obtained does not become malle-
able. 

V. The following are the result of the experiments made 
by Dr. Wollaston to alloy rhodium with other metals. 

66  It unites readily with 	all 	metals that 	have 	been 
tried, excepting mercury; and with gold or silver it forms 
very malleable alloys, that are, not oxidized by 	a high 
degree of heat, but become incrusted with a black oxide 
when very slowly cooled. 

" When 4 parts of gold are united with 1 of rhodium, 
although 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 6 parts  of gold are alloyed with one of rho-
dium, the compound may be perfectly fused, but requires 
far more heat than fine gold. 	There is no circumstance in 

Alloys. 

* Annals of Philosophy, iii. 25t. 
2 L 2 
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Book I. which rhodium differs more from platina than in the colour 
Division II. 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 theccontrary, the colour a 
an alloy containing the same proportion of platina elaers 
but little from that of platina. 	This was originally observed 
by Dr. Lewis. 	4  The colour was still so dull and pale, that 
the compound (5 to 1) could scarcely be judged by tin eye 
to contain any gold.'* 

" I find that palladium resembles platina in this pro-
petty of destioying the colour of a large quantity of gold. 
When 1 part of palladium is united to 6 of gold, the alloy 
is nearly white. 

., When I endeavoured to dissolve an alloy of silver or of 
gold with rhodium, the rhodium remained untouched • by 
either nitric or nitro-muriatic acids; and when rhodium 
had been fused with arsenic or with sulphur, .or when 
merely heated by itself, it was reduced to the same state of 
insolubility. 	But when 1 part of rhodium had been fused 
with 3 parts of bismuth, of copper, or of lead, each of 
these alloys could be dissolved completely in a mixture of 
2; parts, by measure, of inuriatic acid with 1 	of nitric. • 
With the two former metals, the proportion of the gas i'o 
each other seemed not to be of so much conseqcer.g:z,:ii!:i 
with lead ; 	but the lead. appeared on another account 
preferable, as it was most easily separated when reduced to 
an insoluble muriate by evaporation. 	The muriate of rho- 

-dium had then the - same colour and properties as when 
formed from the yellow oxide precipitated from the original 
salt.t " 

SECT. V. 

OF IRIDIUM. 
History. THIS metal was discovered by Mr. Smithson Tennant in 

1303; but before he communicated the result of his experi-
ments, a dissertation was published on it" by Descotils in the 

I' Lewis's Phil. Corn. p. 526. 
t See Dr. Wollaston's paper, Phil. Trans. 1804, from which all the facts 

contained in this Section have been extracted: 
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Annales de .Chimie, who had made the same discovery; and Chap. III. 
the subject was afterwards .prosecuted more in detail by \--"v"--)  
Vauquelin and Fourcroy. 
• When crude platina is dissolved in nitro-muriatic acid, 
espetially if the acid be dilute, and only a moderate heat 
applied, there remains behind a quantity of black shining 
powder in small scales, which preceding chemists had mis- 
taken ,for black lead. 	Mr. Tennant examined these scales, 
found their specific gravity to be 10.7, and that they con- 
sisted of two unknown metals united together. 	The first of 
these metals he called iridium, 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 distinctly 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 exceeding 17.5. 	These metallic grains are 
si j'iaratfd when the platina is dissolved in nitro-muriatic 

i-1,;  :I:Dr. Wollaston has ascertained them to be a com- 
pound 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 Prepara- 
powder is to be heated to redness in a silver crucible 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 undissolved is to be digested in muri- 
atic acid. 	The acid becomes first blue, then olive-green, 
and lastly deep-red. 	The residual powder, 	which has 
resisted the action of these agents, is to be treated alter-
nately with potash and muriatic acid, till the whole of it is 
dissolved. 	By this process two solutions are obtained: first, 
the alkaline solution, of a deep orange-colour, which con-
sists chiefly of the potash united to the oxide of osmium ; 
second, the acid solution, of a deep red, which consists 
chiefly of the muriatic acid united to the oxide of iridium. 

ti°n' 
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Book I. I. By evaporating this last solution to dryness, dissolving 
Division II. the residuum in water, and evaporating again, octahedral 

crystals are obtained, consisting of muriatic acid united to 
oxide of iridium. 	These crystals ii,eing dissolved in water; 
give a deep red solution, from which the iridium eta,' 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. 

`--v."-1  

In this state it is pure iridium. The metal may be obtained 
also by exposing the octahedral crystals to a strong heat. 

• Properties. It has the appearance of platinum, and seems to resist the 
action of heat at least as strongly 	da that 	metal ; for 
neither the French chemists nor Mr. Tennant were able to 
fuse it. 	Vauquelin has lately succeeded in fusing a little of 
it, and found it possessed of a certain degree of ductility.* 
Mr. Children has succeeded in fusing it by means of his 
immense galvanic battery, and found its specific gravity 
18•684 	As the globule was porous, it is obvious that this is 
considerably under the truth. 

It resists the action of all acids, even the nitro-muriatic, 
almost completely ; much more than three hundred parts 
being necessary of that acid to dissolve one of iridium.-.$ 	k 

Oxides. II. The affinity between iridium and oxygen seen :. t7-1:i}e ,  
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 diluting the solution with water it 
becomes green. 	By digestirg the blue solution in an open 
vessel, or by adding nitric acid, it becomes dark red. 	In 
this state theeinetal appears to be united to a maximum of 
oxygen. 

Most of the metals destroy the colour of these solutions 
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 occasion 
no precipitate. 	The alkalies precipitate the oxide of iri- 
dium, but retain a portion of it in solution. 

• Ann. de Chim. lxxxix. 240. 	f Phil. Trans.  1815, p. 310. 
; rourcroy and Vauquelin, Ann. de Chim. L 22. 
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We neither know the composition nor the number of its chap. III. 

oxides. 	Neither have any experiments been made on its 
compounds with chlorine, iodine, or fluorine. 

""The -'s  

III. It is probable that it does not combine with azote, 
hydr.vn, carbon, boron, 	or silicon. 	Its combination 
with phosphorus has not been examined. 

Vauquelin formed a sulphuret of iridium by leafing a 
mixture of ammonio-muriate of iridium and sulphur. The 
sulphuret formed was a black powder composed of 

Iridium 	 100 
Sulphur  	33'3*  

If we suppose this sulphuret a compound of 1 atom iri-
dium and 1 atom sulphur, it will follow that the weight of 
an atom of iridium is 6. 

IV. The following are the results of Mr. Tennant's ex-
periments to alloy iridium with the metals: 

64  It does not combine with arsenic. 	Lead easily unites 
with it: but is separated by cupellation, leaving the iridium 
upon the cupel as a coarse black powder. 	Copper forms 
with it a very malleable alloy, which, after cupellation with 
the addition of lead, left a small proportion of the iridium, 
bilt much less than in the former case. 	Silver may be 
onited:.with it, and the compound remains perfectly malle- 

Alloys. 

...).-.• -1he 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 com- 
pound was malleable, and did not differ much in colour from 
pure gold; though the proportion of alloy was very con- 
siderable. 	If the gold or silver is dissolved, the iridium is 
left in the form of a black powder.t" 

* Ann. de Chim. lxxxix. 236. 
f See Mr. Tennant's'paper on Two Metals found in the Powder re• 

maining after the Solution of Platina, Phil. 'Trans. 1804. 	Descotils did 
not succeed in obtaining it in a separate state ; but he showed that the 
red colour which the precipitates of platinum sometimes assume is 
owing to the presence of iridium. 	See his paper, Ann. de Chim. xlviii. 
153. 	Fourcroy and Vauquelin confounded together the properties of 
osmium and iridium, ascribing both to one metal; to which they hays 
given the name of ptene. 	See Ann. de Chita. xlix. 177, and 1. 5. 
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	 SIMPLE COAIBUSTIELES. 

Book I. Vauquelin has more lately alloyed this metal with lead, 
Diviston II. 

......v_s  copper, and tin. 	All these alloys were malleable and the 
hardness of the different metals was greatly increased by the 
addition of the iridium.* 

Thus *e have finished the description of the second genus 
of simple combustibles. 	It includes 28 substances, all of 
which arc metals, though the first ten have such a disposi-
tion to unite with oxygen, that it is with difficulty they can 
be preserved in the metallic state. 	Indeed the earths pro- 
per have not yet been reduced to metals. 

The weight of an atom of each of these substances, as it 
has been deduced from the combinations into which they 
enter, is as follows : 

Weight of 
an atom of 
each. 

Potassium .. 	5 	Cerium 	5.75 
Sodium .... ' 3 	Uranium 	 15'625 
Calcium .... 	2'625 	Zinc  	4.125 
Barium .. .. 	8.75 	Lead 	 13 
Strontium .. 	5.5 	Tin 	7.375 
Magnesium . 	1.5 	Copper 	8 
Yttrium .. .. 	4 	Bismuth  	8.8-7,5 
Glucinum .. 	2'25 	Mercury 	 25 
Aluminum .. 	P125 	Silver 	 13'75 
Zirconium .. 	4•625?. 	Gold. 	 24'875 
Iron  	3'5 	. Platinum ... 22'625 

' Nickel  	3.375 	Palladium... 	7 
Cobalt  	3'625 	Rhodium ... 15 
Manganese  	3.5 	Iridium .... 	6 

But the weights of the atoms of the last 5 metals must be 
considered as still imperfectly known ; because the salts 
which their oxides form are of so peculiar a nature that it 
has not been hitherto possible to analyse them with suffi-
cient exactness to determine the equivalent numbers for 
these oxides. 

The following table exhibits the colour, specific gra-
vity, hardness, fusibility, and tenacity of the different metals 
belonging to this genus as far as these properties have been 
ascertained. 

• Ann. de Chim. lxxxix. 237. 
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' 	Metals. . 	Colour. Hard- 
nest.. 

c  
'''P' 	gravity' 

Melting point. chap. III.  ‘.......v....../ 
Tenacity. 

General Fahren- 
belt. 

Wedge- 
wood. 

Potassium 
Sodium 	' 
Calcium 
Borium 
Strontium 
Magnesium 
Yttrium 
Glucinum 
Aluminum 
Zirconium 
Iron 
Nickel 
Cobalt 
Manganese 
Cerium 
titanium. 
Zinc 
Bismuth  
Tin 
1,ead r 
C6k,iier 
Mercury 
Silver 
Gold 
Platinum 
Palladium 
Rhodium 
Iridium 

White 
White 
White 
White 
White 

Grey? 
Grey? 
Grey? 

—
Grey 
White 
Grey 
Grey 
White? 
Grey 
White 
Reddish 
white 

White 
Blue 
Red 
White 
White 
Yellow 
White 
White 
White 
White 

4 
4 

— 

— 

9 
8.5 
6 
8 
— 
8 
6.5 
7 

6 
5'5 
7.5 
0 
7 
6'5 
8 
9 
9 
9 

White  

0'86507 
0'97223 

— 

. 
_. 

7'8 
8'82 
8'7 
8'013 

— 
9 
7.1908 
9'822 
7.299 

11'352 
8'895 

13'568 
10.510 
19'361 
215313 
12'148 
10'649 
18'68 + 

136'5°  
194 

.— 

— 

— 
— 
— 
— 
— 
— 

680° 
476 
442 
612 

— 
39 
— 
— 
— 
— 
— 
— 

— 
— 

— 

_. 

158° 
160 + 
130 
160 

— 
170+ 

— 
— 
— 
— 
27 
— 
22 
32 

170 + 
170 + 
180 + 
180 + 

properties. 
— 

— 

— 

549'25 
— 
— 
— 
— 

109'8 
20.1 

34'7 
27/ 

302'26 
— 

187•13 
150'07 
274'3/ 

— 
— 
— 

S. The following table exhibits the different combina-
tions which these metals are capable of forming with oxygen. 
The oxides distinguished by the mark * are those which 
combine most readily with acids, and form neutral salts, 
The oxygen is the quantity by weight which combines with 
100 metal. 
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took I. 
Division IL Weight of 

Metals. Oxides. Colour. Oxygen. an atom of 

Oxides. q 
oxide. 

Potassi•um 	{ 1* 
2 

White 
Yellow 

20 
60 

6` 
8 	0 

1* White 33'3 4 
' 

Sodium 2 Yellow 50 9 
Calcium. 1* White 38'39 3.65 

' _.1 1* White 11'12 9.75 Borium 	1 2 . 
Strontium 1* White 18.18 6'5 
Magnesium 1* White 66'6 2.5 
Yttrium 1* White 25 5 
Glucinum 1* White 41'4 3'25 
Aluminum 1* White 88'8 2.125 
Zirconium 1* White 23'78? 5'625? 

j 1* Black 28"75 4'5 Iron 	1 2 Red 43'12 10 
Nickel 	f 

i 
1* 
2 

Grey 
Black 

29.63 
41'115 

4'375 
9'75 

Cobalt 	f 
I 

1* 
2 

Blue 
Black 

27.58 
36.77 

1'625 
10'25 

Manganese { 1' 
2 

Green 
Black 

28'75 
r,,  - or a 

4'5 

1:i White 17.39 t'''/-5,- 
Cerium Reddish 1 2 { brown f 26.01 11.5 

• { 
Uranium 

pe  f Greyish 
1 black 

1 
f 6'4 16'625 

2 Yellow 9'6 34'25 
Zinc 1* White 24'24 4.125 
Bismuth 1* Yellow 11.2672 9.875 

1* Yellow 7.692 14 
Lead 

f 
2 Red 11'538 29 
3 Brown 15.381 15 

"Tin 	
c 

1* Black 13'55 8'375 
2 Yellow 27.1 9'275 

Copper 1 
2* 

Red 
Black 

12'5 
25 	' 

9 
10 

14' Black 4 26 Mercury 2* Red G 27 
Silver 1* Olive 7.272 14.75 

1 Green 1'02 25'875 
Gold 	f 

2*  C Reddish 
Z.  brown 

1 12•06 27'875 
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Chap. III. 

Weight of 	.........v.......0 
atom of 

oxide. 
Metals. Oxides. Colour. Oxygen. an 

Platinum  	i 
t 

1 
2'# 

BlaCk 
Brown 

4'4.19 
13.257 

23'625 
25'625 

Palladium 1*  Brown 14'285 8 
1 Blacks  6'666 16 

Rhodium 2 Brown 13'333 17 
3* Red t20 18 

Iridium 7? 

These oxides amount to about 47 in number; but not 
more than 28 or 29 have the property of neutralizing acids, 
and forming neutral salts. 

4. The chlorides of these metals have been but imperfectly 
examined. 	The following table exhibits such of them as 
we are at present acquainted with : • 

• Chlorine Weight of an 	Chlorides.  
Metes. Chlorides. Colour. united to 100 

metal. 
atom of Oslo- 

ride. 

I'otasssium 1 White 90 9•5 
Sodium 1 White 150 7'5 
Calci...1:in 1 White 171'42 7'125 
Barium 1 White 51'42 13.28 
Strontium 1 White 69'23 11 
Magnesium 1 White 300 6 
Yttrium 1 White 
Glucinum I White 
Aluminum 1 White 
Zirconium . 	1 

1 
White 

Iron { 2  
Grey 
Brovii:, 

128'37 
256.74 

8 
12'5 

Nickel 1 Olive 
Cobalt 1 
Manganese 1 Pink 
Cerium 
Uranium 
Zinc 1 White 112.5 8'625 
Bismuth 1 Grey 50'7 13'375 
Lead 1 White 31.61 17'5 

1 Grey ; 	61'01 1 P875 
Tin 	z 2 Liquid 122.02 16'375 

White 56'25 12•5 
Copper 	{ ,I2  Yellow 112.5 17 

   
  



SIMPLE, COMBUSTIBLES. 

Book I. 
Division II. Metals. Chlorides. Colour. 

Chlorine 
united to 100 

metal. 

Weight of au 
atom of sulpha- 

let. 
.........v.......0 

Iodides. 

Mercury 	{ 
Silver 
Platinum 

21  
1 
1 

White 
White 
Grey 
Green 

18 
36 
32.'73 
19'88 

2g 5* 
34. 
18.25 
27.125 L 

The chlorides of the 5th family of metals, with the 
exception of that •of platinum, have not hitherto been ex-
amined.  

5. The iodides are still more imperfectly known than the 
clorides. 	The following table exhibits the composition of 
such of them as we are acquainted with : 

Metals. Iodides. Colour. 
Iodine combin- 
lug with too 

metal. 
Weight of an 

atom of iodide. 

Potassium 
Soaiam 
Cal- i um 
Bt . ium 
Strontium 
Iron 
Zinc 
Bismuth 
Lead 
Tin 
Copper 
Mercury 

Silver { 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 2 
1  

White 
White 
White 
White 
White 
Brown 
White 
Orange 
Yellow 
Orange 
Brown 
Yellow 
Red 

f Greenish-1 
1 yellow 	f 

512'5 

390'6 

62.5 
125 

20'625 
18'625 
18.250 
24'375 
.T '125 
1t.1.1-25 
19'625 
24'5 
28'625 

23.625 
40'625 
56'25 
29.375 

6. Of the acidifiable combustibles there are four which 
seem capable of uniting with most of the metals belonging 
to this genus; I mean phosphorus, sulphur, arsenic, and 
tellurium. 	Carbon is known to combine with three metals 
only ; namely, 

Iron  
Nickel 
Manganese. 

The phosphurets have been too imperfectly examined 
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to warrant any general statements respecting their 
tion. 

The following table exhibits the sulphurets, as 
are acquainted with them : 

composi-. Chap. HI. 
`1"- ----" 

far as we 
• 

i. 
Metals. 

.----. 

Sulp11(1 
refs . Colour. sp. gravity. 

Sulphur 
united to 

100 metal. 

Sulphurets Weight of 
an atom of 
suiphuret. 

Potassium 
Sodium 
Iron 	C 

Z.  
Cobalt 
Manganese 
Uranium 
Zinc 
Bismuth 5 t 
Lead { 

Tin 	{
1 

Copper 
•MercVry { 

Silver 
Gold 

Platinum 
{ 

Palladium 
Rhodium 
Iridium 

1 
1 
1 
2 
1 
1 
, i 
1 
1 
2 
1 
2 

2 
I 
1 
2 
1 
1 
1 

3 
 

1 
1 
1 

2Bluishblack 

Grey 
Grey 
Yellow 
Yellow 
Yellow 
Green 
I.  Blackish 
1 brown 
Yellow 
Blue 
Blue 
White 
White 
Blue 
Yellow 
Black 
Black 	 1 
Red 	1 
Black 
Black 
Bluish grey 

, D 
	

rtre33.5 
Whitet'  
White 
Black 

1.518 
4'83 

1.019 
, 

8.16  { 
7.215 

6'2 

7'60215.384 

40 
66'6 
57.1 

1111 
55'16 
28'57? 

48.84 
22.52 
45 

30.768 
27.1 
54'2 
25 
8 

16 
14•544 
24'39 
19'04. 
28.21 
38'8 
28.5 

33'3 

7 
5 
5.5 
7'5 
5'625 
9? 

6'125 
10.875 
12'875 
15 
17 
9'375 

11'375 
10 
27 
29 
15'75 
11.25 

9 

8? 

7. Almost all the metals are capable of combining with Alloys. 
each other, and of forming alloys; many of which are of 
the greatest utility in the arts. 	This property was long 
reckoned peculiar to metals, and is at present one of the 
best criterions for determining the metallic nature of any 
substance. 	Much is wanting to render the chemistry of 
alloys complete. Many of them have never been examined; 
and the proportions of almost all of them are unknown. 
Neither has any accurate method been yet discovered of 
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SIMPLE COMBUSTIBLES. 

Book I. determining the affinities of metals for each other. 	These 
Division II. alloys are much better known to artists and manufacturers 

than to chemists : but an examination of them, guided• by 
the lights which chemistry is now, able to furnish, would 
undoubtedly contribute essentially to the improvement of 
some of the most important branches of human industry. 

Their most interesting qualities, in an economical point of 
view, are their brittleness or malleability; while the change 
of bulk which they undergo during their combination is of 
considerable importance to the chemist. 	The three follow- 

Table of ing tables exhibit a view of these properties, as far as ascer- 
the alloys. tained in all the metallic alloys. 	The first comprehends the 

alloys of the malleable metals with each other; the second, 
the alloys of the brittle metals ; and the third, the alloys of 
the malleable with the brittle metals.$ 

41  In these tables, the letter M signifies malleable; B, brittle; S, sub-
malleable, used when foe alloy is malleable in certain proportions, but 
brittle in others. 	0 is used when the metals do not unite. 	The sign + 
is used when the alloy occupies a greater bulk than the separate metals; 
the sign —, when the alloy occupies a smaller bulk. 	The first indicates 
an expansion, the .second a condensation. 
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Zinc 

M 
.—.._ 
M 
--- 
t:Y 

Lead 
— 
M :- 

0 

Tin 
---r• 
13 

TABLE I. MALLEABLE METALS. 	 Chap. III. 
‘.....iv., 

Nickel 

S 13+ M M Iron 

8— B+ B— B S Copper 

M 	Ilriditim 

B B B S Potassium 

B B B Sodium 

13 B+ B S— B Palladium 

BBB O B B B B B Mercury 

B— B— B— 0 M M+ M At — 13— Silver 

B. S— S— AI — M — M M+ B M + PlatinuM 

B— B+ SL M+M+M+M IM B 11 -I-  M + 'Gold 

TABLE II. BRITTLE METALS. 
Titanium 

Tungsten 

Chromium 

Uranium 

Molybdenum 

B 13 Manganese 

B 
i 
i
Cobalt 

—........ 
B B Arsenic 

Tellurium 

B B 0 B Antimony 

B S 0 0 B B IBismuth 
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Book I. 	 TABLE II/. 
Division IL 
`..-Ne.--, 

,-0 
... :_, 

E. 
0:1
.-u) 

›-. P 
0 
E —
E  ' 

<1 

0 .... = c., Cl, 
.., 

, 
4.a _ cs 
'O c...) 

o.) 
v cn 
0 cl to 
ro .,( 

,ti i
..0 

r4 

Gold B-- B— B B— M B 

Platinum B B B B — 

Silver B— B— B B B 

Mercury B B B 0 0 0 

Palladium B — B 

Rhodium 

Potassium B B B 

Sodium B B . B 

Copper B= B— M M S 

Iron B+ B+ B B S B 

Nickel B B + B S 

Tin M M? + B B 

Lead M— M— B B S 

Zinc 0 B + I B 0 0 0 

GENUS III. 	INTERMEDIATE COMBUSTIBLES. 

The substances belonging to this genus may be consi-. 
dered as intermediate between the first and,the second genus. 
They differ from those of the second genus, by forming com-
pounds with oxygen which do not neutralize acids; and from 
those of the first genus, by not entering into any gaseous 
combinations. 	They agree with the bodies of the first 

2 
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genus because' their oxides possess acid properties: 	They Chap. III. 
` -̀v."'" agree with the bodies of the second genus ; because these 

acids are but imperfectly soluble in water and act with but 
little energy upon animal and vegetable bodies. 

The :substances belonging to this genus are the following 
sixC)metals. 

1. Antimony. 	4.. Tungsten. 
2. Chromium. 	S. Columbium. 
S. Molybdenum. 	6. Titanium. 

SECT. L 

OP ANTIMONY. 

Tnt ancients were acquainted with an oxide of anti- History. 
knony, to which they gave the names or riltkr.p.i and stibium. 
Pliny* informs us, that it was found in silver ore; and we 
know that at present there are silver orest in which it is 
contained. 	It was used as an external application to sore 
eyes; and Pliny gives us the method of preparing it.t 	It 
is probable that a dark bluish grey mineral, of a metallic 
lustre, was also known to them by the same names. 	It cer- 
tainly bore these names as early at least as the eighth cen- 
tury. 	This mineral is composed of the metal now called 
antimony and sulphur; but it was known by the name of 
antimony ever since the days of Basil Valentine till very 
lately. 	The metal itself, after it was discovered, was deno- 
minated regulus of antimony. 	The Asiatic § and Grecian 
ladies employed this mineral to paint their eyebrows black. 
But it does not appear that the ancients considered this sub-
stance as containing a metal, or that they knew our anti- 
mony in a state of purity. ii 	Who first extracted it from its 
ore we do not know; but Basil Valentine is the first who 

• .!: Pliny, lib. xxxiii. cap. 6. 	I.  Kirwan's Miner. ii. 110. 
1 Pliny, lib. xxxiii. cap. 6. 	§ 2 Kings, ix. 30, and Exek. xxiii. 40. 
I) Mr. Roux, indeed, -who at the request of Count Caylus analysed 

an ancient mirror, found it composed of copper, lead, and antimony. 
This would go far to convince us that the ancients knew this metal, 
provided it could be proved that the mirror was really an ancient one; 
but this point appears to be extremely doubtful. 

VOL. I. 	 2 m 
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'Book 1. describes the process. 	' To his Clams Triumphalis Anti- 
Division 11. .........v..... monii, published towards the end of the fifteenth century, 

and to the exertions of those medical alchymists who fol-
lowed his career, we are indebted for almost all the proper- 
ties of this substance. 	 c , 	• 

No metal, not even mercury nor iron, has attracted so 
much of the attention of physicians as antimony. 	One party 
extolled it as an infallible specific for every disease : while 
another decried it as a most virulent poison, which ought to 
be expunged from the list of medicines. 	Lemeri, about the 
end of the 17th century, was the first chemist who attempted 
a rational account of its properties; and Mender, in 1788, 
published the first accurate analysis of its ores."' 	But the 
number of writers who have made this metal their particular 
study is so great, that it would be in vain to attempt even a 
list of their names. Bergman, Berthollet, Thenard, Proust, 
and Berzelius, are the modern chemists who have thrown 
the greatest light upon its propertics.t 

Properties. 1. Antimony is of a greyish white colour, and has a good 
deal of brilliancy. 	Its texture is laminated, and exhibits 
plates crossing each other in every direction, and sometimes 
assuming the appearance of imperfect crystals. 	Haily has.  
with great labour ascertained, that the primitive form of 
these crystals is an octahedron, and that the integrant par- 
ticles of antimony have the figure of tetrahedrons.$ 	When 
rubbed upon the fingers, it communicates to them a peculiar 
taste and smell. 

• 2. Its hardness is nearly the same as that of gold. 	Its 
specific gravity is, according to Brisson, 6.702; according 
to Bergman, 6.86. 	Hatehett found it 6.712.§ 

3. It is very brittle, and,may be easily reduced in a 'nor- 

' Analysis Antimonii Physico-chim. Rationalis. 
j• The word alcohol, which is still employed in chemistry, was, if we 

believe llomerus Poppius Thallinus, first applied to this mineral. 	" His- 
panicis niulierculis ejus usus in ciliorum pulchritudine concilianda fuit 
usitatissimir3 : pulverem autem vocabant alcohol  (quit i.ox etiam adlpt, 
in Hermeticcrum lahoratoriis sonat); uncle antimonium crudiun et non- 
dum contusurn piedra de alcohol notninarunt." ' It was known among 
the alchyniists by a great variety of• absurd names ; such as, Othia, alko-
fol, alkosol, aries, Saturnus philosophorum, magnesia Saturni, filius et 
not h us Saturni. 	 I Jour. de Min. An. v.601. 

§ On the Alloys of Gold, p. 68. 
1 
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tar to a fine powder. 	Its tenacity, from the experiments of Chap.III. 
Muschenbroeck, appears to be such, that a rod of .11,-,th inch —̀ 1̀—"d  
diameter is capable of supporting about 10 pounds weight. 

'i. 'When heated to sip° Fahrenheit, or just to redness, 
it melts:* 	If after this the heat be increased, the metal 
evaporates. . 	On cooling, it assumes the form of oblong 
crystals, perpendicular to the internal surface of the vessel 
in which it cools. 	It is to this crystallization that the lami- 
nated structure which antimony always assumes is owing. 

II. When exposed to the air, it undergoes no change ex- Oxides. 
cept the loss of its lustre. 	Neither is it altered by being kept 
under water. 	But when steam is made to pass over red 
hot antimony, it is decomposed so rapidly that a violent de-
tonation is the consequence.t 

When heated in an open vessel, it gradually combines 
with oxygen, and evaporates in a white vapour. 	This 
vapour, when collected, constitutes a white coloured oxide, 
formerly called argentine flowers of antimony. When raised 
to a.  white heat, and suddenly agitated, antimony burns, and 
is converted into the same white coloured oxide. 

The oxides of antimony have been investigated with con-
siderable care by Thenard,t Proust,§ Bucholz, and Berze- 
lius. II 	According to Thenard this metal forms no fewer 
than six oxides; according to Proust and Bucholz, whose 
researches coincide with those of Proust, it forms only two : 
while according to Berzelius it is capable of forming four 
oxides. 	The protoxide of Berzelius is obtained by expos- 
ing antimony to the air or to the action of the galvanic bat- 
tery. 	It was a grey powder. 	When acted on by muriatic 
acid it was separated into the protoxide of Proust and me- 
tallic antimony. 	Hence it is probably merely a mixture of 
the two. 	The two oxides of Proust are easily obtained and 
possess specific characters. 	Berzelius has shown that the 
second of them possesses the properties of an acid. 	The 
peroxide of Berzelius is also readily obtained; though it is 
not easily freed from water. 	It likewise possesses the pro- 

* Mortimer; Phil. Trans. for 1747, vol. 44, p. 672. 	In the plate 
attached to the paper. 

t Lavoisier and Meusnier, Mem. Par. 1781, p. 274. 
1 Ann. de Chini. xxxii. 259. 	 § Jour de Phys. lv. 3i8. 
II Nicholson's Journal, xxxiv. 241, 313, and xxxv. 38,—Annals of 

Philosophy, iii, 248. 
2 M 2 
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Book  j.  perties of an acid. 	We know therefore three oxides of 
Division II. antimony. 	The protoxide is grey, antimonious acid is white, 

and antimonic acid is straw fellow.Protoxide. L—v-1  
1. The protoxide of antimonygmay be obtained by the 

following process. 	Dissolve antimony in muriatic dZid, and 
dilute the solution with water : a white precipitate appe?rs, 
composed of the protoxide of antimony combined with a 
little muriatic acid.* Wash this precipitate with water, and 
boil it for some time in a solution of carbonate of potash. 
Then wash it well, and dry it on a filtent 

The protoxide thus procured is of a dirty white colour, 
without any lustre. 	When raised to a moderate red heat it 
melts, and may be kept for a long time in fusion in a retort. 
When allowed to cool, its surface becomes covered with 
small opaque crystals lying close together, and of a yellow- 
ish white colour. 	It is indeed extremely fusible, and always 
becomes opaque on cooling. 	A part of it is volatilized with 
a moderate heat, prOvided air be present. 	This oxide may 
be kept melted in contact with antimony any length of time 
without alteration.$ 

According to the experiment of Proust it is composed of 
Antimony 	 100 
Oxygen 	• 	22.7 

According to Berzelius, its constituents are, 
Antimony 	 100 
Oxygen ..  	18'6 

. This composition is deduced from his analysis of sulphuret 
of antimony. 	If we were to consider my analysis of this 
sulphuret as more correct,§ it will follow from it that the 
protoxide of antimony is a compound of 

AntimonY .. .. 100 
Oxygen 	17.775 

Deutoxicle. 2. Antimonious acid or deutoxide of antimony may be ob-
tained by heating the protoxide in an open vessel nearly to 
redness. 	It takes fire, absorbs oxygen, and is converted 
into deutoxide. 	It is obtained also by exposing the met I., 

* The white powder thus obtained was forme'rly called powder of Al-
garoth, from Victor Algarothi, a physician in Verona, who first pro-
cured it in that manner from muriate of antimony. 

t Proust, Jour. de Phys. lv. 328. 
I Proust, Jour. de Phys. lv. 328. 	§ Annals of Philosophy, iv. 99. 
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in the open air to a violent heat : it takes fire, and a white Chap. M. 
oxide is sublimed, formerly called argentine flowers of anti- 
many. 	It is obtained also by causing hot nitric acid to act 
upon antimony. 	t. 

‘---v--1  

This 'oxide is of a fine white colour ; it is insoluble in 
water, and 'not nearly so soluble in acids as the protoxide. 
Neither is it so fusible as that oxide, requiring a pretty vi'-
lent Ipiat ; but it is volatilized at a lower temperature, form-
ing white prismatic crystals of a silvery lustre. When melted 
with a fourth part of antimony, the whole is converted into 
protoxide.* It combines with bases, and forms salts to which 
the name of antiinonites may be given. According to Proust 
it is composed of 

Antimony 	 100 
Oxygen 	29.87 

According to Berzelius, its constituents are, 

• 
Antimony 	 100 
Oxygen 	21.8 

It is quite clear from its conversion into protoxide when 
fused with one fourth of its weight of antimony, an experi-
ment confirmed by Berzelius, that the oxygen in the den- 
toxide is to that in the protoxide as 4 to 3. 	Hence if the 
composition of the protoxide as deduced from my experi-
ments be correct, antimonious acid must be a compound of 

Antimony 	 100 
Oxygen 	23.7 

3. Antimonic acid or peroxide of antimony is obtained Antimonic 
when antimony in powder is mixed with six times its weight 
of nitre and exposed for an how in a silver crucible to as 
strong a heat as the crucible can bear. 	The potash and 
nitre are then to be washed off with water. 	The white 
powder remaining is to be digested for a long time in muri- 
atic acid to deprive it of the potash which it contains. 	It 

acid. 

-I then to be dried and exposed to a heat sufficiently strong 
to drive off the water with which the oxide still continues 
united. It is now a straw coloured powder and is considered 
by Berzelius as pure antimonic acid. 	It is obtained also 
when antimony is digested in nitric or nitromuriatic acid 

* Proust;  Jour. de Phys. lv. 328. 

   
  



534 
	 SIMPLE COMBUSTIBLES. 

Book I. and the white powder obtained is dried at a temperature 
Division II. sufficient to drive off the water with.out disengaging any 
-̀-J  oxygen. 	This oxide is insoluble in water but it reddens 

vegetable blues. 	It appears likewise to be incapable of com- 
bining with acids. 	When heated to redness it gives out 
oxygen and is converted into antimonious acid. 	Berzenus 
did not succeed in analysing it but he concludes from ana-
logy that it contains twice as much oxygen as exists ,in the 
protoxide, or that it is composed of 

Antimony 	 100 
Oxygen 	 .. 	37'2 

according to his analysis of the sulphuret ; or of. 
Antimony 	 100 
Oxygen 	3.5.556 

according to mine. 
Our knowledge of the composition of the oxides of anti-

mony is still too imperfect to enable us to determine the 
weight of an atom of this metal with any great accuracy. 
But there seems every reason to conclude that the sulphuret 
of antimony, from which the composition of the protoxide 
has been deduced is a compound of 1 atom metal -I- 1 atom 
sulphur. 	On that supposition the weight of an atom of an- 
timony will be 5.625. 	 . 

The protoxide of antimony is soluble in acids, and forms 
salts, some of which, (tartar emetic for instance) are nearly 

• neutral ; but the deutoxide and peroxides of antimony pos- 
sess the characters of acids. 	Hence antimony might have 
been placed under the preceding genus as well as the pre- 
sent. 	I was induced to give it the present position, because 
the deutoxide of antimony, which is the most intimate com-
pound of this metal and oxygen, possesses acid characters. 

Chloride. Iii. Antimony has a strong affinity for chlorine. When 
introduced into chlorine gas it takes fire and is converted 
into  chloride of antinuyny. 	This chloride is most easily ob- 
tained by distilling a mixture of 2 parts of corrosive sunc-. 
mate and i part of antimony. 	A fatty, mass of a greyish 
white colour comes over, often crystallized in four-sided 
prisms. 	This substance was formerly distinguished by the 
name of butter of antimony. 	It melts at a moderate heat, is 
very volatile, and is decomposed when mixed with water, 

   
  



ANTIMONY. 	 535 
white oxide of antimony and muriatic acid being formed. Chap. III. 
According to the analysis of Dr. John Davy,* the chloride `"—v."-"" 
of antimony is a compound of 

Antimony .. 	 5/y88 	.. . . 	100 	.. .. 5.4.72 
Chlorine  	4.5.12 	.. . . 	82'22 	.. .. 4.'5 

Hence it is obvious that the chloride of antimony is a 
compound of 1 atom antimony and 1 atom chlorine. 	This 
analysis then serves to confirm the weight of an atom of 
antimony. 

IV. Antimony is easily united with iodine by heat. 	The 	Iodide. 
iodide of antimony has a dark-red colour. 	When digested 
in water, 	it is entirely decomposed, 	and converted into 
hydriodic acid and oxide of antimony. 	It has not been 
analysed ; but it is probably a compound of 1 atom anti-
mony + 1 atom iodine, or by weight of 

Antimony .. 	5'625 
• Iodine 	 15'625 
V. We are ignorant of the action of fluorine on anti- 

mony. 	This metal does not combine with azote nor hydro- 
gen. 	We are acquainted with no compound that it forms 
with carbon, boron, or silicon. 

VI. When equal parts of antimony and phosphoric glass Phospbu-
are mixed together with a little charcoal powder, and ret• 
melted in a crucible, phosphuret of antimony is produced. 
It is of a white colour, brittle, appears laminated when 
broken, and at the fracture a number of small cubic facettes 
are observable. 	When melted it emits a green flame, and 
the white oxide of antimony sublimes. 	Phosphuret of 
antimony may likewise be prepared by fusing equal parts of
antimony and phosphoric glassi-or by dropping phosphorus 

 
 

into melted antimony.t 
VII. Sulphuret of antimony may be formed by mixing Sulphuret. 

its two component parts together, and fusing them in a 
crucible. 	It has a dark bluish-grey colour, with a lustre 
'nproaching the metallic. 	It is much more fusible than 
antimony, and may be crystallized by slow cooling. 	This 
sulphuret occurs native, and constitutes almost the only ore 

Phil. Trans. 1812, p. 189. 	I have corrected his numbers by my 
analysis of the sulpliuret of antimony. 

t Pelletier, Ann. de Chim. xiii. 132. 
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Book 7. of antimony. 	It has a light leaden-grey colour, and the 
Division 11. metallic lustre. It has usually a foliated or radiated texture, 
1/4"--v--j  and a specific gravity of about 4.368. 	The following table 

exhibits its composition, according to the most accurate 
experiments hitherto made: 	 c. 

Antimony. 
Wenzel* 	 100 + 29'870 sulphur 
Proustt 	 100 + 33'333 
Vauquelint 	 100 + 33'333 
John Davy§ — 100 + 34'960 
Bergman II . . . 100 + 35'035 
Thomson** 	 100 + 35'572 
Berzeliustt — 100 + 87.000 

My own analysis having been made with great care, and 
being nearly a mean of all the others (leaving out that of 
Wenzel), I am disposed to consider it as the most correct. 
I consider the sulpharet as a compound of 1 atom metal 
+ 1 atom sulphur; and, therefore, deduce from it the 
weight of an atom of antimony to be 5'625. 

Alloys with VIII. Antimony forms with arsenic an alloy which is 
arsenic, very brittle, very hard, and very fusible : and composed, 

according to Bergman, of 7 parts of antimony and 1 part of 
arsenic. 

Potassium, IX. Antimony combines with potassium with great 
energy when heated with it; the alloy becoming red-hot 
at the moment of union. 	This alloy is brittle, not so white 
as tin, and not very fusible. 	In the air, or under water, 
it is speedily destroyed.tt 

It may be alloyed nearly in the same way with sodium. 
The alloy possesses the same properties.§§ 

Iron, 	X. Iron combines with antimony by fusion, and forms a 
brittle hard white-coloured alloy, the specific gravity of 
which is less than intermediate. 	The magnetic quality of 
iron is much more diminished by being alloyed with anti. 

• Annals of Philosophy, iv. 96. 	 t Jour. de Phys. lv. 32(:':. 
/ Ann. des Mus. d'Hist. Nat. xvii. 133. 
§ Phil. Trans. 1312, p. 231. 	 II Opusc. iii. 167. 
" Annals of Philosophy, iv. 99. 
it Nicholson's Journal, xxx iv. 244. 
I I Gay-Lussac and Thenard ; Recherches Physico-chirniques, i, 21,R, 
§§ Ibid. p. 244. 
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mony than with most other metals.* 	This alloy may be Chap. III. 
obtained also by fusing in a crucible 2 parts of sulphuret ''''...V..".1  
and 1 of iron. 	It was formerly called martial regulus. 

XI. The 	alloys which 	antimony forms with nickel, zinc, 
cobalt,' manganese, cerium, and uranium, are unknown. 

XII. Zinc may be readily combined with antimony by 
fusion. 	The alloy is hard and brittle, and has the colour 
of steel. 	Its specific gravity is less than intermediate.t 

XIII. Antimony forms a brittle alloy with bismuth; Biimuth„ 
to manganese it unites but imperfectly : $ the compounds 
which it forms with nickel and cobalt have not been ex-
amined. 

XIV. When equal parts of lead and antimony are fused, Lead, 
the alloy is porous and brittle : 3 parts of lead and 1 of 
antimony form a compact alloy, malleable, and much 
harder than lead : 12 parts of lead and 1 of antimony form 
an alloy very malleable, and a good deal harder than lead: 
16 parts of lead and 1 of antimony form an alloy which does 
not differ from lead except in hardness.§ 	This allby forms 
printers' types. 	Its tenacity is very considerable, (l and its 
specific gravity is greater than the mean." 

XV. The alloy of tin and antimony is white and brittle; Tin, 
its specific gravity is less than intermediate. ft 	This alloy 
is employed for different purposes; particularly for making 
the plates on which music is engraved.tt. Pewter often con• 
sists chiefly of this alloy. 

Thenard has pointed out a remarkable property in this 
alloy. 	If its solution in muriatic acid be diluted with water 
the whole of the two metals is precipitated.§§ 

XVI. Copper combines readily with antimony by fusion. Copper, 
The alloy is brittle when it consists of equal parts of the 
two metals, is of a beautiful violet colour, and its specific 
gravity is greater than intermediated' 11 Timis alloy was called 
regulus of Venus by the alchymists. 

XVII. Pott first observed that antimony, reduced from Mercury, 
its sulphuret by means of iron and chalk, unites readily 
,vith mercury by trituration. 	Antimony may be easily 

* Gellert, p. 136. 	 t Ibid. 
1 Gmelin, Ann. de Chin,. xix. 367. 
§ Gmelin, Ann. de Cltini. viii. 319. 	II Mushenbroeck. 
** Gellert, p. 136. 	fit Gellert, 9.136. 	It Fourcroy, vi. 25. 
I§ Ann. do aim. lv. 216. 	 II II Gellert, p. 136, 
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Book I.  amalgamated by pouring it while in fusion into mercury 
Division-II. almost boiling hot.*;' 	When 3 parts of mercury are mixed 

in this manner with 1 part of melted antimony, a soft 
amalgam is obtained, which very soop decomposes of itself.t 

"v--1  

Gellert also succeeded in forming this arnalga.m.$ 	P 

Silver, XVIII. Silver may be alloyed with antimony by fusion. 
The alloy is brittle, and 	its 	specific gravity, as Gellert 
has observed,§ is greater than intermediate between the pe-
cific gravities of the two metals which enter into it. 

Gold, XIX. Antimony and gold may be combined by fusion, 
and form a brittle compound of a yellow colour. 	Great at-
tention was paid to this alloy by the alchyrnists, who affirmed, 
that the quantity of gold might be increased by alloying it 
with antimony and then purifying it.li 

Gold made standard by antimony, in Mr. Ilatchett's ex-
periments, was of a dull pale colour, not unlike tutenague. 
It was exceedingly brittle, and in the fracture was of an 
ash-colour, with a fine close grain, not unlike that of 
porcelaifi. 	Its specific gravity was 16.929. 	The bulk of 
the two metals before fusion being 1000, after fusion it was 
987. 	Hence they suffer a considerable contraction. 	A 
very small proportion of antimony destroys the ductility of 
gold; the .alloy was perfectly brittle when the antimony did 
not exceed 	 of the mass. 	Even the fumes of , ol,, 0 th part 
antimony, in the neighbourhood of melted gold, are suffi-
cient to destroy its ductility.** 

Platinum. XX. Platinum easily combines with antimony. 	The 
alloy of equal parts is brittle, and of a much duller colour 
than antimony. 	The antimony cannot afterwards be com- 
pletely separated by heat. 	When the antimony exceeds, 
the platinum is apt to subside in slow cooling.tt 

* Lewis, Neuman's•Chem. p. 131. 	f Wallerius. 
/ Metall. Chem. I,. 141. 	§ Metallurgic Chemistry, p. 136. 
II This made them give antimony the name of balnewn regale. 	The 

cause of their mistake is obvious; they did not separate the whole of 
the antimony from the gold ; hence the increase of weight. ' 	'I. 

** Hatchett on the Alloys of Gold, p. 13. 
1-1-  Lewis, Phil. Corn. p. 521. 
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SECT. II. 	 Chap. III. 
..—..v..—...0 OF CHROMIUM. 

IN the year 1766, Lehman, in a letter to Buffon, pub- History. 
fished the first description of a beautiful red mineral with a 
shade of yellow, crystallized in four-sided prisms, which is 
found in the mine of 	Lieresof. 	near 	 in .Ekaterimbourg 
Siberia. 	This mineral, known by the name of red lead ore 
of Siberia, was used as a paint, and is now become exceed- 
ingly scarpe pnd dear. 	It was examined soon after by 
Pallas, who considered it as a compound of lead, arsenic, 
and sulphur. 	Macquart, who in 1783 was sent upon a 
mineralogical expedition to the north of Europe, having 
brought a quantity of it to Paris, analysed it in 1789, in 
company with Mr. Vauquelin. These gentlemen concluded, 
from their analysis, that it is a compound of the oxides of 
lead and of iron. 	On the other hand, Mr. Bindliehn of 	. 
Moscow concluded, from an analysis of his own, that its 
ingredients are lead, molybdic acid, and nickel. 	These 
discordant analyses destroyed each other, and prevented 
mineralogists from putting any confidence in either. 	This 
induced Vauquelin, who had now made himself a consum-
mate master of the art of analysing minerals, to examine it 
again in 1797.* 	He found it a combination of the oxide 
of lead and an acid, with a metallic basis, never before ex- 
amined. 	By exposing this acid to a violent heat along with 
charcoal powder, . he reduced it to the metallic state; and to 
the metal thus obtained he gave the name of ehromium.t 
The experiments of Vauquelin have been since repeated and 
verified by Klaproth,t Ginelin, § and Moussin Pouschkindl 
Richter has succeeded in reducing chromium to the metal-
lic state, and in ascertaining some of its most important 

* Ann. de Chim. xxv. 21, and 194. 
t From xe,./2,, because it possesses the property of giving colour to 

other bodies in a remarkable degree. 
1 Crell's Annals, 1798, 1. 80. 	Mr. Klaproth had examined the red 

lead m‘e in consequence of the analysis of Dindheim. 	Ills experiments 
led him to conclude, that the metallic acid, combined with the lead, 
was not the molyhdic, but the acid of some new unknown metal ; but 
his specimen was too small to enable him to decide the point. 	In the 
mean time, Vauquelin's experiments were published. 

§ ibid. 1799, i. '275. 	 II ibid. 1798, i. 355, &c. 
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Book i. properties. * 	Vauquelin has published a second paper on 
Division  IL chromium, in which he examines the properties of chromic 

acid, and described several of its combinations.t 	And a'—'sr"."1  
Berzelius has made a set of experiments to determine the 
composition of the oxides of this metal:$ 	0  

Chromium may be obtained by the following process;. 
Two parts of the mineral called chromate of iron in powder 
are mixed with one.part of nitre, and calcined for some time 
in a crucible. 	The mass is digested in water, the liquid 
separated, and the residue treated with muriatic acid. 	The 
acid solution is speedily decanted off, and the residue, which 
is chromate of iron undecomposed, is to be calcined a second 
time with the fourth part of its weight of nitre, and treated 
as before. 	When the ore is completely decomposed, the 
aqueous solutions, which contain the oxide of chromium, are 
to be collected, saturated with nitric acid, and crystallized, in 
order to separate some impurities. 	The salt is then to be 
dissolved in water, and mixed with a solution of nitrate of 
mercury, containing as little excess of acid as possible. 	A 
red precipitate falls, consisting of the chromic acid combined 
with the mercury. 	It is to be thoroughly washed, and ex- 
posed to heat in a stoneware retort. 	The oxide of chro- 
mium remains in a state of purity. 	Richter obtained the 
metal by exposing a mixture of oxide of chromium and 
charcoal to a violent heat in a porcelain furnace. He found 
charcoal from sugar to answer the purpose best. 

Proptnies. I. 	The colour of chromium is white, intermediate be- 
tween that of tin and steel. 	Its specific gravity is only 5•90. 

It is extremely brittle, assumes a good polish, and, ac-
cording to the observation of Ritter, is magnetic, but infe- 
rior in this respect to iron, nickel, and cobalt. § 	Acids act 
upon 	it 	with great 	difficulty. 	According to Richter, 
neither nitric nor muriatic acid dissolve it, even at a boiling 
heat; but nitro-muriatic acid converts it very slowly into 
muriate of chromium. 

It requires a very high temperature to melt it; but the 
precise degree has not been ascertained. 	Richter succeeded 
in melting it in small grains in a porcelain furnace. 

• Gehlen's Jour. v. 351. 

	

f Ann. de Chiw. lxx. 70. 	t Annals of Philosophy, iii. 101. 
§ Geblen's Jour. v. 394. 
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IL Chromium is not altered by exposure to the air : but Chap. Hi. 

when 	heated 	it 	is gradually converted into an oxide. `---v---0  
Whether it is altered by being kept under water has not 
been ascertained. 	Chromium seems capable of combining 
with three different proportions of oxygen, and of forming 
three oxides; namely, the green, the brown, and the yellow 
or chromic acid. 

1. The protoxide or green oxide is obtained by the pro- 
cess above described. 	It may be procured likewise by 
exposing chromic acid to heat in close vessels ; oxygen gas 
passes over, and the green oxide remains behind. 	When 
this oxide is precipitated from its solution in acids, it has a 
dark green colour, and contains water, from which however 
it is easily separated by heat. 	It is easily dissolved by acids. 

Oxides. 

Protoxide. 

But if it be exposed to a heat rather below redness, it becomes 
ignited, diminishes in bulk, and assumes a fine light green 
colour. 	It is now quite insoluble in acids, yet it has lost no 
weight.* 
• 2. The deutoxide, or brown oxide, is intermediate between 
the green oxide and chromic acid. 	Moussin Pouschkin, 
who first described this oxide, compares it to the brown 
oxide of iron.t 	It has been since more particularly exa- 
mined by Vauquelin. 	It may be obtained thus : Dissolve 
protoxide of chromium in nitric acid, evaporate the solution 
to dryness and expose the dry mass to heat till it ceases to 
give out nitrous fumes. 	A brown brilliant powder remains 
which is scarcely soluble in alkalies, and not at all in acids. 

Deutoxide. 

When heated with muriatic acid, chlorine gas is exhaled 
and it is converted into protoxide. 	Hence we see that it 
contains more oxygen than the protoxide. 	. 

3. Chromic acid has a deep, red colour, and a sharp and chromic 
metallic taste. 	It is soluble in water, and crystallizes with 
difficulty in small ruby red crystals, Which slowly absorb 
moisture from the atmosphere. 	It is converted into green 
oxide by the action of sulphureted hydrogen, sulphurous 
acid, protoxide of iron, protoxide of copper, and protoxide 
of tin. 	It combines with the different bases, and forms salts 
which have been called chromates. 

acid. 

* Berzelius; Annals of Philosophy, iii. 10.5. 
t Crell's Annals, 1798, ii. 445. 
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I. _po?k Fiona the experiments of Berzelius it appears,. that the 

w  • I9nth  chromates of lead and barytes are composed as MOWS.: 

Chromate of lead. 
ChroMid acid   100 a 	- 	 .. 	• 6.54.7. 
Protoxide of lead 	 21344.1   14 r.  

Chromate of barytes. 
Chromic acid 	 100   .614.1 
Barytes  	14.9'066 	..... .. 	9.750 

From these analyses we see that the equivalent number 
for chromic acid is 6144. 	We may therefore take 6.5 as 
that number without :any sensible. error.. 	Berzelius is of 
opinion that chromic. acid contains twice as much oxygen 
as green oxide of chromium, and that 31.5 of chromic acid 
consist of 24.'14 green oxide + 716 oxygen.* 	Hence it 
follows that chromic acid is composed of 

Chromium 	'  ,16•78 	100   3.5 
Oxygen   14.72 	 87'72 	 3'03 

3110 
From the numbers in the last column we set, that on the 

supposition that Berzelius' experiments are correct, chromic 
acid must be a compound of 1 atom chromium and 3 atoms 
oxygen. And the weight of an atom of chromium must be 
31. If the protoxide of chromium contain only half the 
oxygen in chromic oxide, it must be a compound of 2 atoms 
chromium and 3 atoms of oxygen, and its weight must 
10. The composition of the deutoxide is still unknown. 

The remaining properties of chromium are still unknown. 

• SECT. III. 

or MOLYBDENUM. 
, 	 . 

history. 1. THE Greek word ti.oXuacant, and its Latin translation • 
plumbago, seem to have been employed by, the ancients to 
denote various oxides of lead ; but by the moderns they 
were applied indiscriminately to all substances possessed of 

"; Annals of Philosophy, iii. 102. 
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the following properties : light, friable, and soft, of a dark Chap. III. 

colour and greasy feel, and which leave a stain upon the 
fingers. 	Scheele first examined these minerals with atten- 
tion. 	He found that t-,wo very different substances had been 
confouided together. 	To one of these, which is composed 
of carbon. and iron, and which has been already described, 
he appropriated the word plunzbago ; the other he called 
mokbdena. 

"--'1.—°  

Molybdena is composed of scaly particles 	adhering 
slightly to each other. 	Its colour is bluish, very much 
resembling that of lead. 	Scheele analysed it in 1778, and 
obtained sulphur and a whitish powder, which possessed the 
properties of an acid, and which, therefore, he galled acid of 
molybdena.* 	Bergman suspected this acid, from its proper- 
ties, to be a metallic oxide; and at his request, Hjelm, 'in 
1782, undertook the laborious course of experiments by 
which he succeeded in obtaining a metal from this acid. 
His method was to form it into a paste with linseed oil, 
and then to apply a very strong heat. 	This process he 
repeated several times successively.f 	To the metal which 
he obtained he gave the name of molybdenum.* The experi-
ments of Scheele were afterwards repeated by Pelletier,§ Ilse-
man,11 and Heyer; ''#* and not only fully confirmed, but many 
new facts were discovered, and the metallic nature of mo-
lybdic acid was put beyond a doubt : though, in consequence 
of the very violent heat necessary to fuse molybdenum, only 
very minute grains of it have been hitherto obtained in the 
state of a metal. 	Still more lately Mr. Hatchett published 
a very valuable set of .experiments, which throw much new 
light upon the nature of this metal.tt We are indebted to 
Bucholz for the last and not t1).e least elaborate and import-
ant set of experiments on this refractory metal and its 
compounds.# 

The simplest method of procuring molybdenum in a state How pro- 
of purity seems to be that put in practice by Hjelm. 	Mo- 
lyndena 	is roasted in a moderate red-heat slowly and 
repeatedly, till the whole is reduced to the state of a fine 

, 
* Scheele, i. 236. 	-1-  Bergman's Sciagraphia, p. 19, Eng. transl. 

cured. 

I Crell's Annals, 1790, i. 39. &c. 	§ Jour. de I'hys. 1785, Decembre. 
li Crell's Annals, 1787,1. 407. 	l'e Crell's Annals, 1781, ii. 27, and 124. 
ft Phil. Trans. 1795, p• 323. 	-;i4  Gefilen's Jour. iv. 398. 
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Book L powder, and passes through a sieve. 	The powder it to bt 
Division i. ..--,.v:—..... dissolved in ammonia, the solution filtered, and evaporated 

to dryness. 	The residuum being moderately heated (adding 
a little nitric acid) leaves a white powder, which is the pure 
oxide of molybdenum.* 	By mixing this oxide with some 
oil or charcoal powder, and exposing it to a violent heat, it 
is reduced to the metallic state. 	The method followed by 
Bucholz was nearly similar. 	He has shown that heat 
reduces the oxide to the metallic state without its being 
necessary to add any charcoal. 	But no heat which he 
could raise was high enough to melt this refractory metal 
into a solid button. 	The experiments of preceding che- 
mists had been equally unfortunate. 

Properties. I. Hitherto the metal has been obtained only in small 
grains, or in pieces imperfectly agglutinated, and which 
break readily when struck. 	Its colour, from the observe.. 
tions of Bucholz, seems to be silvery white, but it frequently 
has a shade of yellow. 	Hjelm found its specific gravity 
only 7.400 ; but Bucholz, whose specimens had doubtless 
been exposed to a more violent heat, and were more com-
pact, found it as high as 8•611.t 

Molybdenum is brittle. 	It is not altered though kept 
under water. 	The effect of exposure to the air has not 
been ascertained in a satisfactory manner. 

Oxides. II. When exposed to heat in an open vessel, it gradually 
combines with oxygen, and is converted into a white oxide, 
which is volatilized in small brilliant needle-form crystals. 
This oxide, having the properties of an acid, is known by 
the name of molybdic acid. 

The combinations of molybdenum with oxygen have 
been but imperfectly investigated. 	From the experiments 
of Bucholz there seem to be three oxides very well distin- 
guished from each other. 	The first is a tasteless powder, 
but the second and third have the properties of acids. 	The 
protoxide is brown; molybdous acid, blue; and molybdic acid, 
white. 

Protoxide. 
1.• The protoxide or brown oxide may be obtained by the i; , 

following process. 	Heat molybdena in the open air till the 
sulphur is burnt off, and the metal converted into molybdic 
acid. 	Dissolve the acid in ammonia. 	Evaporate the mo- 

• Crell's Annals, iii. 338, Eng. Trans, j• 	Gehlen's Jour. iv. 618. 
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lybdate of ammonia to dryness, put the dry mass into a Chap. III. 
crucible, cover it with charcoal powder and expose it to a ̀ ""—Nr---i. 
White heat. 	The brown oxide will be found at the bottom 
of the crucible. 	It has a crystallized appearance, a copper 
brown colour, and a specific gravity of .5'666. 	It is inca- 
po.ble of forming salts with acids. 

2. The blue oxide or molybdous acid may be obtained by molybdous 
the following process: 	Mix together 1 part of molybde- 
hum in powder and 2 parts of molybdic acid, and triturate 
them in a porcelain mortar made into a pap with hot 
water till the mixture becomes blue, then add 8 or 10 parts 
of water, and boil the whole for a few minutes. 	Filter the 
solution, and evaporate in a temperature not exceeding 120°. 

acid. 

The blue oxide remains in the state of a fine powder. 	If 
the whole of the mixture of molybdenum and molybdic acid 
be not dissolved, the process may be repeated with the 
residue as often as is necessary. 	This blue oxide possesses 
in fact the properties of an acid. It converts vegetable blues 
to red, is soluble in water, combines with the saline bases, 
and forms salts. 	Molybdenum 	appears always to be 
converted into this oxide when left in contact with water 
and air, or when water mixed with it is slowly evapo- 
rated. 	The blue oxide seems to be composed of about 100 
parts metal and 81 oxygen. 

3. The white oxide, or molybdic acid, is obtained most Molybdic 
easily from native molybdena, by roasting it for some time, 
and then dissolving the grey residue in ammonia. 	Nitric 
acid dropped into the solution precipitates the molybdic acid 
in a state of purity.* The acid thus obtained is in fine white 
scales; but when melted and sublimed it becomes yellow. 

acid. 

Its properties were first investigated by Scheele. It converts 
vegetable blues to red ; but according to Bucholz, not with 
so much readiness as the blue oxide, which in his opinion is 
the more powerful acid of the two. 
. prom the- experiments of Berzeliust it appears, that 

wiolybdate of lead is composed of 
. 	Molybdic acid   100  	9'023 

Protoxide of lead 	 155'15   14. 
From this we see that the equivalent number for molyb- 

* Bucholz, Ghelen's Journ. iv. 604. 
t Annals of Philosophy, iii. 101. 

VOL. I. 	 2 N 
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Book I. dic acid is 9. 	From the experiments of Bucholz we learns  
Division II.  that molybdic acid is composed of 100 molybdenum, and 

between 49 and 50 oxygen. 	By dividing 9 in this propor- 
tion, we obtain the constitution of molybdic acid as follows: q 	 , 

Molybdenum 	 6 	 100 
Oxygen   3  	50 

Hence we see that the weight of an atom of molybdenum 
is 6, and that molybdic acid is a compound of 1 atom niolyb-
denum + 3 atoms oxygen. 

According to the experiments of Bucholz, molybdous 
acid is composed of 

Molybdenum 	 100 
Oxygen  	31 

Hence it follows that it is a compound of I atom molyb-
denum + 2 atoms oxygen, or by weight of 

Molybdenum 	 6 	 100 
Oxygen 	.. 	 2  	33.3 

The protoxide has not been analysed; but there can hst 
no doubt that it is a compound of 1 atom molybdenum + 
atom oxygen, or by weight of 

Molybdenum . 	 6 	 100 
Oxygen   1  	16'6 

III. We are unacquainted with the combinations which 
molybdenum may be capable of making with chlorine, 
iodine, and fluorine. 

We know nothing about the compounds which it may be 
capable of forming with any of the acidifiable combustibles?  
excepting with sulphur and arsenic. 	Pelletier indeed ascer- 
tained that molybdenum may be combined with phosphorus; 
but he did not examine the properties of the phosphuret.. 

'Onion wi th IV. Molybdenum combines readily with sulphur; and 
embus ti- 
ides. 

the compound has exactly the properties of molybdena, !the 
substance which Scheele decompounded.t 	Molybdena;;  
therefore sulplutret of molybdenum. 	The reason that Scheelrk,  
obtained from it molybdic acid was, that the metal com- 
bined with oxygen during his process. Sulphuret of molyb- 
den urn may be formed also by distilling together 1 part of 

s Ann. de Chilli. ziii. 137. 	t' Pelletier, Jour. de Phys. 1785. 
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Inolybdic acid and 5 parts of sulphur. 	According to the Chap. M. 
,----,„.......i experiments of Buell°lz this sulphuret is composed of 

Molybdenum 	 100 
-.. 	Sulpliar  	66.5 

„Hence it is obviously a compound of 1 atom molybdenum 
+ 2 atoms sulphur. 	For this compound gives by weight, 

Molybdenum 	6 	 100 
Sulphur 	 4 	 .. 	66'6 

'Which corresponds almost exactly with Bucholz's analysis. 	Alloys with 
V. When arsenic and molybdenum are melted together, Arsenic, 

the whole of the arsenic sublimes ; but when oxide of arsenic 
is employed, a combination takes place, from which the 
arsenic is not easily separable again.* 

VI. Nothing is known respecting the alloys of molybde-
num with the metals of the fixed alkalies, alkaline earths, 
and earths proper. 	 • 	 . 	. 

	

. VII. Equal quantities of iron and 	molybdenum melt 	Iron, 
readily, and form a brittle alloy, of a bluish grey colour, 
and considerable hardness. 	Its fracture was fine, scaly, and 
granular. Before the blow-pipe it melted with intumescence, 
but without sparks. 	One part of iron and two of molybde- 
num formed a ,brittle 	alloy -of fine grained texture, and 
light-grey colour. 	It was magnetic, and did not melt before 
the blow-pipe.. 	Of all the metals, iron seems to unite most 
readily with molybdenum.t 

VIII. Equal quantities of molybdenum and nickel melted Nickel, 
into a button, internally of a light-grey colour, yielding 
somewhat to the hammer before it broke, and exhibiting a 
granular texture. 	It was not magnetic, and did not melt 
before the blow-pipe. When the proportion of molybdenum 
is increased, the 	fusion of the alloy becomes more diffi- 
Cult ; in other respects, its properties continue nearly the 
stuye.t. 
.%i..X. Equal parts of cobalt and molybdenum melted into Cobalt, 

it button of a grey colour, brittle, and of difficult fusion. 
Two parts of cobalt and four of molybdenum gave an alloy 
of a sparkling reddish-grey colour, hard, brittle, not at- 

Crell's Anna's, p. 368. 	f Ihid. p. 310. 	 iii. 361. 
2 N 2 
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Book r. tracted by the magnet, internally granular, and of a bluish- 
Division ii. grey colour.* 
Man ga- X. Equal parts of manganese and molybdenum melted 
nese, into an irregular button, not fusible before the blowy-pipe, 

and not colouring borax till after it had been roastea..t 
Zinc, XI. The volatility of zinc renders it difficult to alloy that 

metal with molybdenum. 	Equal parts of the two metals; 
strongly heated in a covered crucible, left a black „mass 
almost in a powdery state.t 

Bismuth, XII. The combination of bismuth and molybdenum is 
equally obstructed by the volatility of the former metal. 
When they are melted together, the bismuth is driven off, 
and a black brittle mass remains, consisting chiefly of 
molybdenum. 	Four parts of bismuth and one of molybde- 
num, being melted together in a bed of charcoal, gave a 
black brittle mass, together with a button of bismuth, which 
retained a portion of molybdenum. 	This button bore a 
few strokes of the hainmer, but at length broke in pieces. 
Its texture was closer than bismuth, and it was very fusible.§ 

Lead, XIII. Ten parts of lead and one of molybdenum, when 
melted together, form an alloy which is some what malleable, 
and whiter than pure lead. 	When kept heated, the lead 
partly eliquates. 	When the proportion of molybdenum is 
increased, the alloy becomes brittle, dark-coloured, and 
more difficult of fusion. II 

Tin, XIV. Equal parts of tin and molybdenum melted into a 
blackish-grey, granular, brittle, soft mass. 	When 2 parts 
of tin and 1 of molybdenum were melted together, the 
alloy is harder than the preceding, but in other respects 
agreed with it. 	Four parts of tin and one of molybdenum 
formed a still harder alloy, which admitted of being ham.. 
mered a little, did not crackle like tin when bent, and in its 
fracture exhibited a greyish colour and granular texture. 
When strongly heated, the tin did not eliquate till the 
alloy was pressed with the forceps.** 	 't 

Copper, XV. Equal parts of molybdenum and copper formed aii  
alloy which yielded to the hammer a little, but at length',,  
broke in pieces, exhibiting a granular texture, and a bluish 
colour mixed with red. 	It admitted of being filed ; and the 

* Crell's Annals, p. 371. 	t Ibid. p. 376. 	I Ibid. p. 375. 
§ Ibid. p. 363. 	 II Ibid. p. 388. 	os Ibid. p. 373. 
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surface thus exposed was paler than copper, and did not ChapAll. 
lose its lustre by exposure to the air. 	Four parts of copper 
and 14- molybdenum formed an alloy not very different in 
its properties; but when, the metals were mixed in the pro-
portica of 1 part copper and 2 molybdenum, the alloy 
was brittle, and of a reddish-grey colour. 	Nitric acid 
dissolved the copper, and left the white oxide of molybde-
num 1 

""--v—j  

XVI. Hjelm could not succeed in his attempts to unite 
mercury and molybdenum.f 

XVII. Four parts of silver and two of molybdenum were 
strongly heated in a crucible, but did not yield a button. 

silver, 

By continuing the beat a portion of the silver eliquated, 
still retaining a part of the molybdenum, and becoming 
bluish when heated. 	The residuum being melted again in 
charcoal, became more compact, was brittle, of a grey co- 
lour, and a granular texture. 	When melted by itself silver 
eliquidated. 	By nitric acid the silver was taken up from 
this alloy, and the molybdenum converted into white oxide. 

Four parts of silver and 1 of molybdenum gave a malle-
able compound, but it could not be melted into a round 
button. 	It was of a silver colour and granular texture. 

One part of silver and 2 of molybdenum melted into a 
granular, brittle, greyish lump. 	When heated on charcoal 
the molybdenum evaporated and the silver remained. 
The molybdenum may be separated from silver by cupella-
tion, especially if the alloy has been previously calcined.I 

XVIII. With gold it melts only imperfectly, and forms 
a blackish brittle mass, from which a considerable portion 
of the gold eliquates when it is kept in a strong heat. 	The 
alloy is attacked by nitric acid. 	The gold subsides in the 
state of a fine powder, and the molybdenum lies over it in 
the form of white oxide. 	The proportions tried were 

. - 
	Gold 	 6, 4, 2. 

*, 	 Molybdenum 	 2, 2, 2. d. 

Gold, 

None of these compounds could be brought into perfect Platinum, 
•fusion even by the assistance of borax. § 

XIX. Equal parts of platinum and molybdenum melted 
into a hard irregular brittle mass, of a close texture, a light 

• Crell's Annals, p. 366. 	t Ibid. iii. 358. 	I Ibid. iii. 361 
§ Hjelm, Crell's Annals, iii. 356, Eng. Trans. 
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Book I. grey colour, and a metallic lustre. 	Three parts of molyb- 
Division H. denum, and one of platinum, did not melt completely. The 

• same difficulty, of fusion was experienced when the proporr 
tion of platinum was augmented. ,, The specific gravity of 

.., this alloy was found by Hjelm to be 20.' 

SECT. IV. 

OF TUNGSTEN. 

History. THERE is a mineral found in Sweden of an opaque white 
colour and great weight ; from which last circumstance it 
got the name of tungsten, or ponderous stone. 	Some minera- 
logists considered it as an ore of tin, others supposed that it 
contained iron. 	Scheele analysed it in 1781, and found that 
it was composed of lime and a peculiar earthy-like substance, 
which he called froin its properties tungstic acid.t 	Berg- 
man conjectured that the basis of this acid is a metal; 	and 
this conjecture was soon after fully confirmed by the experi-
ments of Messrs. D'Elhuyary,who obtained the same sub-
stance from a mineral of a brownish-black colour, called by 
the Germans wolfrant,§ which is sometimes found in tin 
mines. 	This mineral they found to contain -A-5, of tungstie 
acid ; the rest of it consisted of manganese, iron, and tin. 
This acid substance they mixed with charcoal powder, and 
heated violently in a crucible. 	On opening the crucible 
after it had cooled, they found in it a button of metal, of a 
dark brown colour, which crumbled to powder between the 
fingers. 	On viewing it with a glass, they found it to consist 
of a congeries of metallic globules, some of which ivere as 
large as a pin-head. 	The metal thus obtained is called 
tungsten. 	The manner in which it is produced is evident: 
tungstic acid is composed of oxygen and tungsten; flit ox-
ygen combined with the carbon, and left the metal i's A 
state of purity. II 

• Hjelm, Crell's Annals, p..52, and Ann. de China. iv. 17. 
1-  Scheele, ii, 81. 	 I Scheele, ii, 51. 
§ Wolfram had been analysed in 1761 by Lehmann. 	He imagined it 

a compound of iron and tin. 	See his Probierkunst, p. 8. 
II Mem. Thoulouse, ii. 141. 	This memoir has been translated into 

English. 
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The experiments of the Elhuyarts were repeated in 1796 Chap. m. 

by Vauquelin and Hecht, in general with success ; but they 
were unable to procure the metal completely fused, though 
this,14a4 been accomplished by the Spanish chemists.* Nor 
is this to be wondered at, as Dr. Pearsont and Mr. Klap-
rcAt had made the same attempt before them without suc- 
ceeding. 	The fusion of this metal has been also accom- 
plishe by Messrs. Allen and Aiken of London. 	They 
succeeded by applying a strong heat to the combination of 
the oxide of tungsten and ammonia$ 	Since that time a 
set of experiments on tungsten has been published by Bu-
cholz,li and some valuable investigations on the composi-
tions of its oxides have been made by Berzelius." 

1. Tungsten, called by some of the German chemists schee- 
filtm, and by Berzelius wolframiztm, is of a greyish-white 
colour, or rather like that of steel, and has a good deal of 
brilliancy. 

2. It is one of the hardest of the metals ; for Vauquelin 
and Hecht could scarcely make any impression upon it with 
a file. 	It seems also to be brittle. 	Its specific gravity, ac- 
cording to the D'Elhuyarts, is 17.6 ; according to Allen 
and Aiken, 17.3341- Bucholz found it 17.1,U which being 
nearly a mean of the preceding results may be taken as very 
near the truth. 	It is therefore the heaviest of the metals 
after gold, platinum, and iridium. 

3. It requires for fusion a temperature at least equal to 

L—v-1  

Properties. 

170° Wedgewood. 	It seems to have the property of crys- 
tallizing on cooling, like all the other metals; for the im-
perfect button procured by Vauquelin and Hecht contained 
a great number of small crystals. 

4. It is not attracted by the magnet. 
II. When heated in an open vessel, it gradually absorbs 

oxygen, and is converted into an oxide. 	Tungsten seems 
pr..031e of combining with two different proportions of oxy-car. .',le  4 

 

..;' .. 	• 

oxides. 

'' '4.  Jour. de Min. No. xix. 3. 	t Transl. of the Chem. Nomenclature. 
I Observ. on the Fossils of Cornwall, p. 77. 

.i. § Aiken's Dictionary of Chemistry, ii. 445. 
II Schweigger's Journal, iii. 1; and Annals of Philosophy, vi. 1914.  
" Annals of Philosophy, iii. 244. 
ft Aiken's Dictionary of Chemistry, ii. 445. 

411 Annals of Philosophy, vi. 205. 
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Book I. gen, and of forming two different oxides; the brown and. 
Divisionti. .-....„,-..-.  the yellow or tungstic   acid. 
Protoxide. 1. Brown oxide of tungsten seems to have been observed 

by Bucholz; but its nature was first accurately investigeted 
by Berzelius. 	He obtained it b3r putting a quato _ity of 
tungstic acid in a glass tube, heating it to redness and pav-
ing through it while in that state a current of hydrogen gas..  
Water was formed and the acid deprived of a portion of its 
oxygen. 	The oxide formed had a flea-brown colour, and 
when heated in the open air takes fire and burns like tinder, 
and is converted into tungstic acid. 

Peroxide. 2. The peroxide or yellow oxide, known also by the 
name of tungstic acid,* may be obtained by boiling 3 parts 
of muriatic acid on 1 part of wolfram. 	The acid is to be 
decanted off in about half an hour, and allowed to settle. 
A yellow powder gradually precipitates. 	This powder is 
to be dissolved in ammonia, the solution is to be evaporated 
to dryness, and the dry mass kept for some time in a red 
heat. 	It is then yellow oxide in a state of purity.- 	This 
oxide has no taste. 	It is insoluble in water, but remains 
long suspended in that liquid, forming a kind of yellow milk, 
which has no action on vegetable colours. 	When heated in 
a platinum spoon it becomes green; but before the blow- 
pipe on charcoal it acquires a black colour. 	Berzelius has 
shown that the blue oxide of Bucholz obtained by decom-
posing the tungstate of ammonia by heat in a retort is the 

• The tungstic acid of Scheele is different from this oxide. 	It is a 
white powder of an acid taste, and soluble in water. 	The D'Elhuyarts 
have demonstrated that it is a triple salt, composed of the yellow oxide 
of tungsten, potash, and the acid employed to decompose the mineral 
from which it is obtained. 

t A more economical process for procuring this oxide has been pro- 
posed by Bucholz. 	His formula is as follows : Mix 1 part of wolfram 
in fine powder with 2 parts of subcarbonate of potash ; keep the enix.. , 
ture melted in a crucible for an hour, stirring it occasionally. Then pouf, 
into an iron cone. 	Before the mass be quite cold, reduce it to powe:. 4  
and boil water on it repeatedly till the liquid comes off tasteless. 	Mix 
all the watery solutions together, and pour muriaticacid into them as long 
as any precipitate appears. 	Wash the precipitate; dissolve it in boiling 
carbonate of potash, precipitate again by muriatic acid, wash the precipi- 
tate, and 	dry it upon filtering paper. 	It is pure peroxide of tungsten. 
See Jour. de Chim. iii. 220. 
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same as the yellow. 	Both possess the properties of an acid Chap. III. 
and form the same compounds with bases. 	 1/4—,.,—..• 

From the experiments of Berzelius it appears that tung- 
stakofolime* is composed of 

ti 
Tuna0stic acid 	 100 	.... 15'03 
Lime  	21'12 	.. .. 	3.625 

Frorg this it follows that the equivalent number for tung-
stic acid is 15.2, Messrs. D'Elhuyarts, Bucholz, and Ber-
zeliust have shown that tungstic acid is composed of 

Tungsten 	 100 
Oxygen 	25 

If we divide 15 in the proportion of 100 to 25, we obtain 
the composition of tungstic acid as follows : 

Tungsten 	 12 	 100 
Oxygen ...  	3  	25 

Hence it appears that tungstic acid is a compound of 1 
atom tungsten and 3 atoms oxygen, and that an atom of 
tungsten weighs 12. 

Berzelius has shown that brown oxide of tungsten con-
tains very nearly two thirds the quantity of oxygen that 
exists in tungstic acid, or that it is a compound of about 

Tungsten 	 100 
Oxygen  	16.6 

If we consider it as a compound of 1 atom tungsten + e 
atoms oxygen, its composition will be 

Tungsten .. 	 12 	 100  
Oxygen  	2 	 .. 	16'6 

Which corresponds exactly with the analysis. 
III. We are ignorant of the compounds which tungsten 

ii.!;H s with chlorine, iodine, and fluorine. 
ki-e ,:, ., probably does not combine with azote nor with hydro- 

:Aim. We are unacquainted with all the combinations which 
it may form with the simple acidifiable combustibles except 
the sulphuret. 	Pelletier indeed ascertained that it combines 

Afhanclliogar, iv. 407. 	f Annals of Philosophy, iii. 245. 
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Book'. with phosphorus; but the properties of the phosphuret were 
Division II.  •-,...\,—.) not examined.* 

I V. Sulphuret of tungsten was first formed by the D'El- 
huyarts. Berzelius obtained it by 'Fixing tungstic acid"ith sulphurct. 

four times its weight of sulphuret of mercury, putting the 
mixture into a crucible, covering its surface with charcoal 
powder, and exposing it for half an hour to a violent heat. 
Sulphuret of tungsten thus formed is a greyish black ,pow-
der, which when rubbed upon a polished hematite assumes 
a beautiful metallic lustre. Berzeliust found it a compound of 

Tungsten 	 100 
Sulphur  	33'26 

Thus it contains twice as much sulphur as the brown oxide 
does oxygen. 	It is therefore a compound of 1 atom tung- 
sten + 2 atoms sulphur. 

Alloys. V. The Elhuyarts alone attempted to combine tungsten 
with other metals. 	'They mixed 100 grains of the metals 
to be alloyed with 50 grains of the yellow oxide of tungsten 
and a quantity of charcoal, and heated the mixture in a 
crucible. 	The result of their experiments is as follows : 

1. With gold it did not melt completely. 	The button 
weighed 139 grains. 	By cupellation with lead the gold was 
reduced to its original purity. 	With platinum it refused 
likewise to melt. 	The mass obtained weighed 140 grains. 

2. With silver it formed a button of a whitish-brown co-
lour, something spongy, which with a few strokes of a ham-
mer extended itself easily, but on continuing them it split in 
pieces. 	This button weighed 142 grains. 

3. With copper it gave a button of a copperish red, 
which approached to a dark brown, was spongy, and pretty 
ductile, and weighed 133 grains. 

4. With crude or cast iron, of a white quality, it gave 
a perfect button, the fracture of which was compact, 3^14 of 
.a whitish brown colour : it was hard, harsh, and weig: 4 1 
137 grains. 

5. With lead it formed a button of a dull dark brown, 
with very little lustre, spongy, very ductile, and splitting into 
leaves when hammered ; it weighed 127 grains. 

• Ann. de Ulm. 	137. 	f Annals of Philosophy, iii. 2451 
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6. The button formed with tin was of a lighter brown Chap. III. 

than the last, very spongy, somewhat ductile, and weighed "*""Nen".4  

138 grains. 
7WThat with antimony was of a dark brown colour, shin- 

ing, something spongy, harsh, and broke in pieces easily : 
itoweigh ed 108 grains. 

8. That of bismuth presented a fracture which, when 
seerksin one light, was of a dark brown colour, with the lustre 
of a metal; and, in another, appeared like earth, without any 
lustre ; but in both cases one could distinguish an infinity of 
little holes over the whole mass. 	This button was pretty 
hard, harsh, and weighed 68 grains. 

9. With manganese it gave a button of a dark bluish-
brown colour and earthy aspect; and, on examining the in-
ternal part of it with a lens, it resembled impure 'dross of 
iron : it weighed 107 grains.* 

SECT. V. 

OF COLUMBIUM OR TANTALUM. 

IN the year 1801, while Mr. Hatebett was engaged in 
arranging some minerals in the British Museum, a  dark-
coloured heavy substance attracted his attention, on account 
of some resemblance which it bore to chronicle of iron. 	The 

Historp 

.specimen was small. 	It was described in Sir Hans Sloane's 
catalogue as 	" A very heavy black stone with golden 
streaks ;" and it appears that it was sent, along with various 
specimens of iron ores, to Sir.,Hans Sloane by Mr. Win-
throp of Massachusetts. Its colour was a dark brown grey ; 
its longitudinal fracture imperfectly lamellated, and its cross 
1";:st(;.a.  re showed a fine grain. 	Its lustre was glassy, and in 
4tr-te parts slightly metallic. 	It was moderately hard, but 
'very brittle. 	By trituration it yielded a powder of a dark 
chocolate brown, not attracted by the magnet. 	Its specific 
gravity at the temperature of 65°, was 5.918. 

By an ingenious analysis of this mineral, Mr. Hatchett as-
certained that it was composed of 1 part of oxide of iron. 

Chemical Analyses of Wolfram, translated by Cullen, p. 5A. 
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Book 1. and rather more than 3 parts of a white coloured substance 
Division11. which possessed the properties of an acid, and exhibited 

undoubted proofs of being composed of oxygen united to a 
metallic basis. 	Mr. Hatchett dewonstrated, that it,..04ffers 
from all the metallic acids hitherto examined ; of cdhrse its 
metallic basis must be also peculiar, and required a distin.ct 
name. 	Accordingly he gave it the name of columbium. 

Soon after Mr. Hatchetes discovery a metallic sul4ance 
was detected in Sweden by Mr. Ekeberg, differing from 
every other with which he was acquainted. 	To this metal 
he gave the name of tantalum, and to the minerals from 
Which he obtained it the name of tantalite and yttrotantalite.* 
In the year 1809, Dr. Wollaston procured specimens of the 
Swedish minerals, and by a careful comparison of the new 
oxide which it contained with the new oxide in the mineral 
in the British Museum, analysed by Mr. Hatchett, he de-
monstrated that coknibium and tantalum are one and the 
same substance.t 	In the year 1815, Assessor Gahn of 
Fahlun and Professor Berzelius discovered various new 
minerals in the neighbourhood of Falun containing tan- 
talum. 	Berzelius analysed these minerals and took the 
opportunity of reducing the oxide of tantalum to the me-
tallic state, and of ascertaining its properties.t 

Prepara- . I. Perhaps the simplest method of extracting the oxide of 
lion. tantalum ' from the mineral called tantalite is the method 

employed by Dr. Wollaston, which is as follows. 	Mix to- 
gether 1 part of tantalite with 5 parts of carbonate of potash 
and 2 parts of borax, and fuse the mixture in a platinum 
crucible. 	Soften the fused mass with water, and then digest 
it in muriatic acid. 	The iron and manganese which ex- 
isted in the mineral combined with the oxide of tantalum 
are dissolved,-and nothing remains but the oxide of tanta- 
lum in the state of a white powder.§ 	Berzelius succeeded 

* Vetenscaps Academiens Handlingar, 1802, p. 68. 	 4t 
$ Phil. Trans. 1809, p. 246. 	$ Afhandlingar, iv. 252, 262. • 
i Berzelius found tungsten in some of the tantalites from the neigh-

bourhood of Fahlum, which he examined, and he states in a letter to me, 
(Annals of Philosophy, iv. 467,) that Ekeberg found the columbic acid 
of Hatchett, which he examined, a mixture of oxides of tantalum and 
tungsten. 	But I dotibt the accuracy of this statement, because Dr. Wol- 
laston found no tungsten in columbite ; nor could he detect any though 
he made a new trial at my request after receiving Berzelius's letters. 
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in reducing this oxide to the metallic state by putting it into Chap. HI. %...—sp—,1 a charcoal crucible and exposing it to a violent heat. 
Tantalum thus reduced has a dark grey colour and when Properties. 

scracikd with a knife orjubbed against a fine grindstone, it 
assumes the metallic lustre, and puts on the appearance of 
ir9n. 	The tantalum had not been melted, but its particles 
adhered firmly together, and formed a mass through which 
water, would not penetrate. 	Its specific gravity, as taken by 
Dr. Wollaston, was 5.61. 	But as the mass had not been 
melted, there can be no doubt that the true specific gravity 
of tantalum is greater than this. 

The grains of tantalum are hard enough to scratch glass. 
It may be reduced to powder by trituration, and the powder 
has no metallic lustre, but a dark brown colour. 	It is not 
the least acted on by muriatic acid, nitric acid, or aqua regia, 
though they be digested on it for several days. 

II. When tantalum is heated to redness it takes fire, Oxides. 
burns feebly without any flame, and goes out directly if it 
be removed from the fire. 	By this combustion it is reduced 
to a greyish white matter. 	But Berzelius could not suc- 
ceed by this method in his attempts to convert tantalum in- 
to an oxide. 	When pulverized tantalum is mixed with 
nitre and thrown into a red-hot crucible, a feeble detonation 
takes place. 	The mass is snow white and is a compound of 
white oxide of tantalum and potash. 	The potash may be 
separated by muriatic acid and the white oxide of tantalum 
is left behind combined with water. 	This hydrate, accord- 
ing to the experiments of Berzelius, is a compound of 

Oxide of tantalum .. 	 100 
Water 	12'5 

Oxide of tantalum is insoluble in nitric acid and sulphuric 
acid, and imperfectly soluble in muriatic acid. 	While in 
eie -‘:...e of hydrate it dissolves in oxalic, tartaric, and citric 
ti jii,A; but when the water is driven off by heat none of 

:inese acids act upon it. 	When fused with eight times its 
weight of carbonate of potash, or caustic potash, it forms a 
compound which dissolves in water, and it may be precipi-
tated from the solution by muriatic acid in the state of a hy- 
drate. 	Neither prussiate of potash nor hydrosulphuret of 
potash throw it down from potash, but infusion of nutgalls 
occasions an orange precipitate, provided there be no excess 
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Book I. _ either of acid or alkali in the solution.* 	Berzelius has 
D vision II. shown that this oxide possesses acid properties. 	The name 

columbic acid, therefore, given it by Hatchett may be still 
retained. The mean of four expertments made by BerAitlius 
in which he oxidized determinate weights of tantatm by 
means of nitre, give the composition of columbic acid as 
follows :  

Tantalum 	 100 	 re, 
Oxygen  	5'485 

According to the statement of Berzelius, columbate of 
barytes is composed of 

Columbic acid .... 	100 	.... 24.4 
Barytes 	4.0 	.... 	915 

This would make the equivalent number for columbic acid 
24.4. But no confidence can be put in the analysis, as we 
do not even know whether the compound was a neutral salt. 
Were we to suppose columbic acid to be a compound of 
100 tantalum + 5.5 oxygen, which deviates very little from 
Berzelius' numbers, and were we to suppose further that it 
is a compound of 1 atom tantalum + 1 atom oxygen, then the 
weight of an atom of tantalum would be 18 and of columbic 
acid 19. 	For 100 : 5'5 :: 18 : 1 very nearly. 	In the present 
state of our knowledge we must be satisfied with that deter- 
mination. 	Supposing it correct, then the columbate of 
barytes of Berzelius would be a compound 4 acid + 1 ba-,  
rytes, or 3 acid + 2 barytes.. 

III. We .are unacquainted with the compounds which 
tantalum is capable of forming with the other supporters 
of combustion and with the acidifiable combustibles and 
metals, with the exception of iron and tungsten, with both of 
which Berzelius alloyed it. 

Alloys with IV. When oxide of tantalum is mixed with iron, flings 
iron, and strongly heated in a small crucible, it is reduced tc t:02: 

metallic state and forms an alloy with the iron. 	This ELIE; 
has the appearance of white cast iron, except that it wants. 
its crystalline texture. 	It is sufficiently hard to scratch glass. 
Aqua regia dissolves the iron with difficulty, and leaves. the,  
tantalum in the state of a grey powder. 

• 'Wollaston.; Nicholson'sJournall  xxv. 
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V. The alloy of tungsten and tantalum resembled pure Chap. ,,—..‘a..-.•• 
III: 

tantalum, but was much firmer and. 	harder, and readily Tungstorri 
received a polish. 

it 

SECT. VI. 

rs) 	 OF TITANIUM. 

IN the valley of Menachan, in Cornwall, there is found History: 

a black sand, bearing a strong resemblance to gunpowder. 
It was examined in 1791 by Mr. Gregor, who found it 
composed almost entirely of iron and the oxide of a new 
metal, to which he gave the name of menachine.* 	He at- 
tempted in vain to reduce this oxide to the metallic state; 
but his experiments were sufficient to demonstrate the me-
tallic nature of the substance, and to show that it contained 
a metal till then absolutely unknown. 	This curious and 
ingenious analysis seems to have excited but little attention, .  since nobody thought of repeating it, or of verifying the 
conclusions of Mr. Gregor. 

But in 1795 Klaproth published the analysis of a brown-
ish-red mineral, known to mineralogists by the name of red 
shorl. He found it entirely composed of the oxide of a pecu- 
liar metal, to which he gave the name of titanium.t 	He  
failed indeed in his attempts to reduce this oxide; but his 
'xperiments left no doubt of its metallic nature. 	On ex- 
amining in 1797 the black mineral analysed by Mr. Gregor, 
be found it a compound of the oxides of iron and titanium.I 
consequently the analysis of Mr. Gregor was accurate, and his 
menachine is the same with titanium, of which he was undoubt-
edly the original discoverer. TO term titanium has been pre-
ferred by chemists, on account of the great celebrity and 
anth.-;ty of the illustrious philosopher who imposed it. 
1;4‘.proth's experiments were repeated, confirmed, and ex- 
'coded by Vauquelin and Hecht in 1796, who succeeded 
'in reducing a very minute portion of the oxide of titanium 
to the metallic state.§ 	They were repeated also and con- 
firmed by Lowitz of Petersburgh in 1798.11 	Lampadius 

' Jour. de Phys. mix. 72, and 152. 	t Beitrage, i. 233. 
I Beitrage, ii. 226. 	 § Jour. de Min. No. xv. 10. 
8 Crell's Annals, 1799. i. 183. 
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Rook I. made a set of experiments on it in 1806,s and a new set of 
Division II.  experiments on it, by Laugier, was published in 18144 
‘-- v—  Oxide of titanium may be obtained by the following 

process: Reduce the mineral calleil titanite to powfleop and 
fuse it with twice its weight of caustic potash. 	Dfkest the 
fused mass with water, and pour off that liquid after it has 
taken up every thing soluble. 	Dissolve the brownish-red 
matter that remains in muriatic acid, and into the,clear 
solution drop a little oxalic acid, or oxalate of ammonia. 
A curdy white precipitate falls. 	When this precipitate is 
well washed and dried it is oxide of titanium in a state of 
purity. 

Laugier endeavoured to reduce this oxide to the metallic 
state by making it up into a paste with oil, and exposing it 
to the highest temperature that could be raised in a forge 
for six hours. 	The mass, after cooling, consisted• of three 
distinct layers. 	The centre consisted of brilliant needles, 
similar in appearance to black oxide of manganese in its 
crystallized state. 	The surface consisted of a very thin 
brown coat, similar to the oxide of copper. 	Between these 
two layers there was a third, full of cavities, and having the 
yellow colour of gold. 	This last Laugier considered as 

Properties. titanium in the metallic state. 	It has considerable lustre. 
It is brittle, but in thin plates has, considerable elasticity. 
It is highly infusible.$ 

Oxides. Ir. When exposed to the air, it tarnishes, and is easily 
oxidized by heat, assuming a blue colour. 	It detonates 
when thrown into red-hot nitre.§ 

- It seems capable of forming three different oxides; namely, 
the blue or purple, the red, and the white. 

Protoxide. 1. The protoxide, which.  is of a blue or purple colour, is 
formed when titanium is exposed hot to the open air, evi- 
dently in consequence of the absorption of oxygen. 

Deutoxide. 2. The deutoxide or red oxide is found native;", It is 
often crystallized in four-sided prisms ; its specific gro.e  ty 
is about 4.2 ; and it is hard enough to scratch glass. Whet 
heated it becomes brown, and when urged by a wry violent 
fire, some of it is volatilized. 	When. heated sufficiently 
along with charcoal, it is reduced to the metallic state. 

• Nicholson's Journal, vi. 62. 	t Ann. de Chim. lxxxix. 306. 
* Nicholson's Jour. vi. 62. 
5 Lampadius, Nicholson's Jour. vi. 62. 
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3. The peroxide or white oxide may be obtained by Chap. III. 
fusing the red oxide in a crucible with four times its weight 
of potash, and dissolving the whole in water. 	A white 
poili\u,asoon precipitates. which'is the white oxide of tita. 
nium. ' Vauquelin and. Hecht have shown that it is corn- 

peroie. 	• 

'Riled of 89 parts of red oxide and 11 parts of oxygen. . 
III. 1. Titanium does not seem to be capable of corn- Union with 

bining with sulphur.*  combusti-
bles. 

2. .Phosphuret of titanium has been formed by Mr. Che- Phosphu- 
nevix by the following process. 	He put a mixture of 
charcoal, phosphate of titanium (phosphoric acid combined 
with oxide of titanium.) and a little borax, into a double 
crucible, well luted, and exposed it to the heat of a forge. 

"t• 

A gentle heat was first applied, which was gradually raised 
for three quarters of an hOur, and maintained for half an 
hour as high as possible. . The phosphuret of titanium was 
found in the crucible in the form of a metallic button. 	It 
is of a pale-white colour, brittle, and granular;. and does 
not melt before the blow-pipe. -1- 

• 

IV. Vauquelin and Hecht attempted to combine it with 
silver, copper, lead, and arsenic, but without success. 	But 
they combined it with iron, and formed an alloy of a grey 
colour, intersperSed with yellow-coloured brilliant parti- 
cles. 	This alloy they were not able to fuse. 

Alloys. 

The other properties of this untractable metal are still 
-unknown.  

Such are the properties of this genus of bodies as far as 
they have been hitherto investigated. 

1. The following table exhibits some of the most striking 
characters of these bodies. 

.• 
• Gregor. 	t Nicholsoa's Jour. v. 1$4. 

VOL. 1. 
	 20 
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Book I. 
Division.H. ,___,v___, 

• 
Metals. 

. 
Colour. 

, 

Hard-
ness. 

• • , 
Sp. gravitY• 

Melting Peat. Weight  
of an 
atom. Fa

h
h
e
r
i
e
t
i W

wood
edgef  

.  --,..- ..i.t..-- 
Antimony . .. White §.5 6.712! 81Q°  li 5.625 

-.--40- 
Chromium... White 9?

,  
5.9 .  1700+ 3.5 

Molybdenum White 8.611 1700+ Pi; 	• 
Tungsten .... White 9 174 	' 1700+ 12.  

Columbium .,. Grey 8 5'61+ • 170°+ 18' • 

Titaniura .... Yellow' ' 	' I 170°+ 18? 
.., 	 • 

2. The following table exhibits the compounds which 
these metals form with 	as far as they have been .oxygen 
examined. 	 I .• 
.. Oxygen Weight of an 

- Table of Metals. Oxides. Colour. united to 100 atom of ine: 
=ides. " . 	metal., tallie oxide. ,  

i 
 1 Grey .17•77 

Antimony . .., 2 White g3•7 	.,  . . • 3 Yellow 
• 35.556 . 

I Green • 
Chromium... . 	2 Brown - 3 Red 87'72 6.5 .. . .....:-:.--,...- • 

1 Brown 16.6 . 	• 7 
Molybdenum 2 Blue 33.3 $ 

3 White 50 p 

Tungsten__ , 1 Drown 16'6 14 	- 
2 Yellow 25 15 —...- 

Columbium .. 1 White 5'5 19 
............-....... 

1 Blue • 19? 
Titanium .... 2 Red 20? 

3 White 21? 
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S. Neither the Chlorides nor iodides of these metals (if we Chap. III. 

except antimony) have been examined. Neither have many 
experiments been made on their compounds with the acidi-, 
fiab/26,$,n.d alkalifiable (combustibles. 	The few facts which 
have been ascertained will be found in the .preceding.  

""v"--d  

&ctions. 	Any recapitulation here seems unnecessary. 

SECT. VII. 

OF THORINUM. • . 
THIS metal should have been Placed in the second family 

of the alkalifiable combustibles immediately after zirconium. 
But as it has only become known to the chemical world 
since that part or the volume was printed, I am under the 
necessity of placing it here.  

It was discovered in 1815 by Professor Berzelius, while 
engaged in the analysis of 	gadolinite of Korarvet. .the 

History. 

But as he obtained it only in very small quantity, and as it 
was detected only • in one specimen, he did not mention it 
in his paper on. gadolinite published in the fourth volume 
of the Afhandlingar. 	But in the summer of 1816, while 
engaged with Assessor Gahn in Examining the minerals 
in the neighbourhood of Fahlun, he found it again in two 

.-„new minerals, the deutofluate of cerium and the double fivate 
of cerium and yttria. 	But it was only occasionally present 
in these minerals as had been the case in the gadolinite of 
Korarvet; and all of it which Berzelius obtained did not 
amount to quite 7„ grains. 	He printed however in the 
fifth volume of the Afhadlingrr a description of its proper-
ties as far as he was able to ascertain them; and from that 
paper I have extracted the following account.* • 
' The oxide only of this new metal has been obtained, and 

tii.,  it is white and incapable of being reduced by means of 
''charcoal, it agrees in its properties with the earths. 	On 

that account Berzelius has distinguished this oxide by the 
name of thorina, old classed it along with zirconia.  

Thorina may be obtained from the minerals containing Preparation 
of thorina. 

• A translation of the paper will be found in the Annals of Philosophy, 
ix, 452. 

2 o 2 
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Book r. protoxide of corium • and yttria,' by the following process. 
Division II. Precipitate the iron by means of succinate of ammonia. 

Thorina indeed when alone is precipitated by that salt; but• 
this is not the.case when it is mixed with the other h-edies 
that exist in the fluates of cerium and yttria. 	After the 

"Th"—)  

'iron is removed, precipitate the cerium by means of mil- 
phate of potash. 	Ammonia now precipitates the thorina 
mixed with yttria. 	Dissolve them in muriatic acid. 	Eva- 
porate the solution to dryness, and pour boiling water on 
the residue, which will dissolve the greatest part of the 
yttria, but not the whole. 	Redissolve the residue in muri- 
atic or nitric acid, and evaporate till it becomes as exactly 
neutral as possible. 	Then. pour water upon it and boil• it 
for an instant. 	The thorina precipitates and the solution 
contains a disengaged acid. 	If we saturate this acid and 
boil a second time, an additional portion of thorina preci- 
pitates. 	 ,. 

Properties. Thorina, when separated by the filter, has the appear- 
ance of a gelatinous, semitransparent mass. 	When washed 
and dried it . becomes white, absorbs carbonic acid, and 
dissolves with effervescense in acids. 	Though calcined it 
retains its white colour; and when the heat to which it is 
exposed is only moderate, it continues readily soluble in 
muriatic acid. 	But after exposure.. to a violent heat, it 
requires to be digested fn strong muriatic acid in order to 
obtain a solution of it. 	This solution has a yellowish co-, 
lour; but it becomes colourless when diluted with water. 
If it be mixed with yttria it dissolves more readily after 
having been exposed to heat. 	 • 

The neutral solutions of thorina have a purely astringent 
taste, which is neither sweet, nor saline, nor bitter, nor me- 
tallic. 	In this property it agrees with iirconia,.arid differs 
from all the other earths. 
. When dissolved in sulphuric acid with a slight excess of 
acid and subjected to evaporation, it yields transparent 
crystals, which are 	not altered by exposure to the air, 
and which have a'strong styptic taste. 	The mother water 
remaining after the formation of these crystals, retains but, 
very little thorina. 	When the crystals are put into water 
they are decomposed. 	A subsulphate precipitates and a 
supersulphate remains in solution. 	When this solution is 
boiled it lets fall no precipitate. 	Sulphate of potash occa- 
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sions no precipitate when lidded to this solution or to the Chap. III. 
muriate of thorina. 	• ..—.,......./ 

Thorina . dissolves readily in nitric acid, unless it has 
hev?e,kposed to a red .heat., 	In that case nitric acid dis- 
solves it only in consequence of long boiling. 	The solu.; 
ebn 'does not crystallize, but forms a mucilaginous mass 
which becomes more liquid .by. exposure to the air, and 
whigh when evaporated by 4, moderate heat leaves a white, 
opaque mass, similar to enamel, in a great• measure inso- 
luble in water. 	When the neutral solution is boiled a great 
portion of the earth is precipitated. 	A slight calcination 
leaves the earth with its white colour, so that we discover 
no evidence of a higher degree of oxydizement. 

Thorina dissolves in muriatic acid in the same way as in 
nitric. 	The solution does hot crystallize. 	When evapo- 
rated by a moderate heat it is converted into a syrupy mass, 
which does not deliquesce in the air ; but dries, becomes 
white like enamel, and afterwards dissolves only in very 
,small quantity in 	water, leaving, a subsalt undissolved. 
When the muriate, not too acid, is diluted with water and 
boiled, the greatest part of, the thorina is precipitated: 

When the nitrate or muriate of thorina is evaporated by 
a strong heat, it leaves on the edges of the vessel a white 
opaque film, having the appearance of enamel. 	It appears 
very distinctly when the liquid is made to pass over the 
inside of the glass. 	This is a very characteristic mark of 
this earth. 	 • 

Thorina.combines eagerly with carbonic acid. 	The pre- 
cipitates aproduced by caustic ammonia, or by boiling the 
neutral solutions of the earth, absorb carbonic acid from 
the air while drying. 	The alkaline carbonates precipitate 
the earth combined with the whole of their acid. 

Thorina is precipitated by oxalate of ammonia in the Action of 
State of:a. whitey bulky matter, insoluble in water and in 
xaustie alkalies.- 	.  

reagentson• 

Tartrate of- ammonia throws down a white precipitate, 
-which redissolvei at first and does not become permanent 
till a sufficient quantity of the salt has been added. 	This 
precipitate is redissolved by caustic 	ammonia. 	Boiling 
drives off the ammonia, but the earth is not precipitated 
till the liqaid has been concentrated to a certain degree 
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Book I. by evaporation. 	It then precipitates under the form of a 
Division II. gelatinous mass, almost transparent. 

Citiate of ammonia does not occasion any precipitate, 
not even when caustic ammonia is gadded to it. 	BtVibe 
liquid be boiled, • the earth precipitates in proportion as the 
ammonia evaporates. 	 A 

- 	Benzoate of ammonia produces a White bulky precipi- 
tate. 	 c.., 

Succinate of ammonia occasions a precipitate, which is 
immediately redissolved. 	If a sufficient quantity be added 
to prevent the precipitate from redissolving, and if we at-
tempt to redissolve it by pouring in water, it is decomposed 
and remains in a great measure undissolved, under the ' 
form of a salt with excess of base, while the liquid contains 
the greatest part of the acid united to a small portion of the 
earth. 

Ferrocyanate of potash throws down a white precipitate, 
which is redissolved by muriatic acid. 

Caustic potash and ammonia have no action on newly 
precipitated thorina, not even at a boiling temperature. 

Liquid carbonate of potash orcarbonate of ammonia dis-
solves a small portioh of it, which precipitates again when 
the alkali is supersaturated with an acid, and then neutra- 
lized by caustic ammonia. 	But this earth is much less 
soluble in the alkaline carbonates than any of the other 
earths.  

When exposed in a charcoal crucible to a heat at which 
tantalum is reduced, it underwent no change in its proper-
ties,. excepting that it contracted in its dimensions and 
acquired a small degree of translucency. 	It does not fuse 
before the blow-pipe. 	With borax it melts into a trans- 
parent glass, which when exposed to the exterior flame 
becomes opaque and milky. 	With phosphate of soda it 
fuses into a transparent pearl. 	It is infusible with soda. 

• When soaked with a solution of cobalt it becomes greyish-
brown. 

now dis- It differs from alumina by its insolubility in hydrate of 
tinguished 
from the 

	

0  — 	1. ;   

	

p 	 fromtasm 	yttria, by its purely astringent taste without 
other sweetness, and by the property which its solutions possess 
earths, of being precipitated by boiling when they do not contain 

too great an excess of acid. 	It differs from zirconia by 
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the following properties. 	1. After being heated to redness 	Chap. in. 
it is still capable of being dissolved in acids. 	2. Sulphate 	',,,--'' 
of potash does not precipitate it from its solutions, while it 
pre.,:_nitates zirconia from a solution, 	containing even a 
considerable excess of acid. 	3. It is precipitated 'by ox- 
alate of ammonia, which is not the case with zirconia. 
4., Sulphate of thorina crystallizes readily, while sulphate 
of .zirconia, supposing it free 	from alkali, forms, when 
dried, a gelatinous transparent mass, without any tendency.  
to crystallization..  

END OF VOL. 1. 

C. Baldwin, Printer, 
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