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HE very high character which the late
celebrated Mr Lavoifier has {o defer-
vedly acquired as a chemical philofopher,
and the great revolution which he, princi-
pally, has effeGted in the theory of chemi-
firy, had long made it greatly defired, by
all cultivators of phyfical {cience, to have a
connected account of his difcoveries, and
thofe of other chemical philofophers, on
which his opinions are founded, together
with an accurate expofition of the new
theory, or rather of the regular concatena-
tion of fa&ts, which he has eftablifhed, in
confequence of thefe difcoveries made by
himfelf and others. For the performance
of this arduous undertaking, no one could
be better’ qualified than Mr Lavoifier him-
A3 felf :
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felf : He was not only thoroughly-conver-
fant in the difcoveries of other philofophers,
having, with infinite pains, repeated all their
important experiments, and fo varied moft
" of them, as to bring their refults into a much
clearer view; but was himfelf the author
of many important difcoveries. The hifto-
~ ry, therefore, of thefe difcoveries, and their
proper arrangement, for conveying an ex-
a¢t idea of the new theory which he had
deduced from them, could not, certainly,

have been ‘given to the.world fo well, or -

with {fo much propriety, by any other per-
fon. - '

This great defideratum, in the hiftory and
{cience of chemiftry, was accomplithed in
the year 17809, by the publication at Paris
of thele Elements of Chemiftry by Mr Lavoi-
fier ; and a copy of that excellent work ha-
ving foon after fallen accidentally into the
hands of the Tranflator, he was eager to
give it to the public in Englifh. He has.
received infinite fatisfaction from the fa-
vourable reception experienced by his firft

" attempt to merit the favour of the public ;
and whatever hefitation he may have ori-
ginally felt, on a firft appearance, even in

the
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the chara@er of a Tranflator, fo many edi-

tions having been rapidly exhaufted, is fuf- -

ficient inducement to repeat the, impreffions
as called for.
"~ A new edition of the original having
been announced at Paris, in the winter
1792-3, expeQations were formed that the
illuftrious Author might have made confi-
derable improvements 3 but, from a corre-
fpondence with Mr Lavoifier, the Tranfla:
tor is enabled to fay, that the new edition,
having been printed without his knowledge,
is entirely a tranfcript from the former.
The Tranflator has been much impor=
tuned by his friends, to publifh the letter
he had the honour of receiving from the
illuftrious Author of this book. After
withholding it in the three laft editions, he
now ventures to anhex it to this advertife<
ment ; but thinks it moft decorous that it
thould remain in the French. . .
In the original of thefe- Elements; the
thermometrical fcale of Reaumeur is ems
ployed, for defcribing the degrees of tem-
perature in the various experiments: In
all the editions of this tranflation after the
firft, thefe degrees have been uniformly
A4 transferred
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transferred into their correfponding de-
grees on the {cale of Fahrenheit, which is
univerfally ufed by Britith philofophers, -
The centigrade {cale, originally employed
in Sweden, is certainly preferable to all
others, and is now common in France. In
. the appendix to the {econd volume, No. IV.
rules are given for reducing the fcales of
the moft generally ufed thermometess into
each other. _
The weights employed by Mr Lavoifier,
- for detailing the ingredients and refults of
his various experiments, are, in the origi-
nal, exprefled in the cuftomary aliquot parts
of the old Paris pound, poids de marc, which
is divided very differently from the Englith
- pound, either troy or-avoirdupais. To ren: -
der the weights detailed in-thefe. experi-
ments fully intelligible to the Britifh reader;
they are all, fince the fecond edition, redu-
ced to decimal fractions ef the pound, which
will ferve for all denominations, and ought
to be univerfally ufed in fcientific labours..
In the courfe of the tranflation, feveral -
explanatory notes are added, principally for
the purpofe of rendering the doctrines of
the Author more readlly underftood by be-
ginners,



ADVERTISEMENT. ik -

ginners, and by thofe who have only been
accuftomed to the old language of chemi-
firy. In confequence, however, of the per-
fpicuity of the Author, much fewer of thefe
were found neceffiry than might have beea
expected, confidering the comprehenfive na-
ture of the work. It was intended by the
Author to convey a general view of the
new chemical theory, rather than to give
a {yftem of chemiftry : yet, fuch is the ex-
cellence of its plan and execution, that,
with thefe limited intentjons, it is the beft
body of chemical philofaphy extant.

‘In a finall number of places, the Tranf- -
lator has taken the liberty of throwing to
the bottom of the page, in notes, fome pa-
renthetical expreflions, not direttly conne&-
ed with the fubje¢t ; which, in their origi-
nal place, feemed rather to confufe the fenfe
of the paffages in which they ftood. Thefe,
and the original notes of the Author, are
diftinguifthed by the letter A ; and to thofe
which the Tranflator has ventured to give,
- the letter T is fubjoined.

Some very material additions have been
made by the Tranflator, in the various edi-
tions, relative'to fuch difcoveries as have

taken
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taken place in different parts of chemiftry
fince the publication of the original ; but as
thefe are all diftin¢tly marked in their pro-

per places in the courfe of the work, it is’

not neceflary to particularize them here.

The additions which have been made to
this fifth edition, have been fo numerous, as
to make it neceflary to divide the work, as
in the original, into two volumes. A co-
pious index is now firft added.

Had not the illuftrious Author been cut’

off; in the full vigour, and fplendid yet fo-
lid career, of his philofophical purfuits, by
~ the monfter who tyrannized over France,
and- convulfed the world by his enormous
crimes, his intended’ republication of this
work, on a-new plan, as mentioned in his

letter to the Tranflator, would affuredly .

have given the world a very perfe@ {yftem
of chemiftry in all its parts. In the rapid-
ly advancing ftate of chemiftry, not, alas !
to compenfate the irreparable lofs of the
juftly famous Author, the Tranflator has
dared to attach fome notices of thofe pro-
. greflive improvements to the text of thefe
Elements ; together with fome additions at
- the end, of which he was not poffefled of
information
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information while the prefent edition was
in progrefs. All of thefe are carefully di-
ftinguithed, left any efcapes from his own
imperfect knowledge thould derogate from
the high and merited fame of his immortal
Author. May thefe endeavours, to aid the
progrefs of chemical fcience, be acceptable
to the indulgent public, as his humble, yet
willing tribute, to the immortal memory of
the great Lavoifier! .

In the original, Mr Lavoifier gave, in an-
appendix, feveral very ufeful tables, for fa-
cilitating the calculations now neceflary in
the advanced ftate of chemifiry, wherein
the moft fcrupulous accuracy is required.
Thefe are now as indifpenfably requifite to
the operations of the chemical philofopher,
as the Ephemerides, and Naautical . Alma-
nacs, and Logarithmic Tables, are to the
Navigator, Aftronomer, and Geometrician.
Thefe tables are all retained in this tranfla-
tion, being, however, reduced to the ftand-
ards of Britith weights and meafures, with
appropriate rules for making the neceflary
converfions from the weights and meafures
of old France, as ufed by the Author: And
the Tranflator is proud to acknowledge his

o ' obligations
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obligations to the learned Profellbr of Na-
tural Philofophy in the Univerfity of Edin-
burgh, and to his friend Dr Rotheram, for-
. merly Affiftant to the late illuftrious Dr
Black, Profeffor of Chemiftry in the Uni-
verfity of Edinburgh, and now Profeffor of
Natural Philofophy in the Univerfity of St
Andrew’s ; both of whom kindly fupplied
him with the neceflfary information, and
took the trouble of making a number of ve-
ry laborious calculations for this purpofe.
With the fame obliging afliftance, feveral
very ufeful additional tables have been gi-
ven in the appendix, which need not be
here enumerated, as they will diftinctly
appear in their proper places.

e ann e

~ POSTSCRIPT
TO THE

THIRD EDITION.

Tue Philofophical World has now infi-
nitely to deplore the tragical and untimely
death of the great Lavoisier ; who has
left a rare example of fplendid talents and
great
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great wealth, at the fame time immerfed in
numerous and important public employ-
ments, which he executed with diligent in-
telligence, and devoting his princely for-
tune, and vaft abilities, to the fedulous cul-
tivation, and moft fuccefsful improvement,
of the {ciences. If the fanguinary tyranny
of the monfter Robefpierre had committed
only that outrage againft eternal Juftice, a
fucceeding age of the moft perfe¢t govern-
ment, would fcarcely have fufficed to France
and to the world, to repair the prodigious
injury that lofs has produced to chemiftry,
and to all the fciences and economical arts
vuth which it is corme&ed :

Had Lavoifier vaed as exprefled in a
letter * recéived from him by the Tranf-
lator a fhort whlle before his maﬁhcre, it
was his intention to have repubhfhed thefe
elements in"an entirely new form, compo-
fing -a Complete Syftem of Phxlofophxcal
Chemlﬁry And, as a mark of his fatisfac-
tion with the fidelity of this tranflation, he
propofed to have conveyed to the Tranfla-
tor, fheet by fheet as it fhould come from
the plefs ‘that new and mvaluable work,
alas ! mo W tor ever loft. ’

LET-
* Now fubjoined.
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LETTER
FROM THE

AUTHOR To TrE TRANSLATOR.

Faris, 6 Fanvier 1793.
MoONSIEUR, * L’an 2 de la République..
Iv eft vrai que I'imprimeur, qui s’étoit
chargé de la publication de mes Elemens
de Chimie, vient d’en donner une feconde
édition ; mais c’eft 4 mon infqu, et fans que
7y aye fait le plus léger changement. C’eft
donc plutdt une contrefadtion, qu’une fe-
conde édition."
* Je ne puis au-furplus voir qu’avec bien de,
Ia reconnoiffance I'intention oi vous m’an-
noncés étre d’entreprendre la tradution
en’Anglois d’une feconde édition. Je vous
prie de me referver cette bonne volonté
pour un autre tems ; car depuis que j’ai ab-
folument
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folument renoncé i toutes les affaires pu-
bliques, et que j’ai réfolu de donner aux:
fciences tout mon tems, jai entrepris des Ele-
mens de Chimie fur un plan beaucoup plus
vafte. Je ne penfe pas que la publication
puiffe en étre faite avant deux ans, et je
m’empreflerai de vous en adreffer un exem-
plaire, feuille par feuille, fi vous le defirés,
dés que 'impreffion fera commencée ; mais
ce n’eft que dans un an au-plutdt que je
pourrai commencer les envoys. ’fe vous
prierai alors de m’indiquer la ¥oye par la-

‘quelle vous jugerés a-propos que je fafle les

envoys. _

J’ai recu dans le tems ’exemplaire qué
vous avés bien voulu m’envoyer de votre ex-
cellente traducion. Je m’y trouve prefque
teujours plus clair que dans le texte.

'Si je ne vous ai point écrit, c’eft que
j’étois livré a des occupations d’un genre
‘bien different : on pouvoit alors efpérer de
fe rendre utile dans les places de ’admini-
ftration; mais aujourd’hui que la France eft
en proye aux factions, il devient extréme-
ment difficile de faire le bien, et il faut
étre ou bien ambitieux, ou bien infenfé,
pour afpirer aux grandes places.

. J’ai
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Jai 'honneur d'étre; avec la plus par-
faite confideration,
‘ . MONSIEUR,
' votre trés humble, et tres. '
obéiffant Servquuﬁ,
o - L-Avoxsmn.- =
- 9o Mr Kerr, care af Mr Creech, Edmburgb ’
.Brztam. - -2

1

PREFACE



PREFACE
. OF THE
A UTH O R

HEN I began the following Work, my

only obje& was to extend and explain

more fully the Memoir which I read at the pu-
blic meeting of the Academy of Sciences in the
month of April 1787, on the necefiity of reform-
ing and completing the Nomenclature of Che-
miftry. While engaged in this egnployment,  §
perceived, better thad I had ever done before,
the juftice of the following maims of the Abbé
de Condillac, in his Syftem of Logic, and fome -
.other of his works.

“ We think only through the medium of
- ¢ words.~~Languages are true analytical me-
¢ thods.—Algebra, which is adapted to its pur-
¢¢ pofe in every {pecies of expreffion, in the moft
¢ fimple, moft exad, and beft manner pofiible,
s is at the fame time a language and an analy-
¢ tical method.—The art of reafoning is nothing -
“ more than a language well arranged.”

B - Thus,
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Thus, while I thought myfelf employed only
-in forming a Nomenclature, and while I propo-l
{ed to myfelf nothing more than to improve the
chemical language, my work transformed itfelf
by degrees, without my being able to prevenf
it, into g treatife upon the Elements of Chemi-
ftry. ' o

The impoffibility of feparating the Nomen-
clature of a fcience from the fcience itfelf, is
owing to this, that every branch of phyfical fci-
ence muft confift of three things; the feries of
fa&s which are the objeéts of the fcience ; the
ideas which reprefented thefe facts; and the words
by which thefe ideas are expreffed. Like three
impreffions of the fame feal, the word ought to
_produce the idea, and the idea to be a picture of
the fa&t. And, as ideas are preferved and com-
municated by peans of words, it neceffarily fol-
Tows, {hat we cannot improve the language of °
any fcnence, without at the fame time improving
the fcieqc_e_ itfelf ; neither can we,.on the other
hand, improve a fcience, without improving the
language or nomenclature which belongs:vto it
However certain the facts of any {cience may
be, and however juft the ideas we may have

formed of thefe fa@s, we can only communicate
falfe
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falfe of imperfe@ impreflions.of thefe ideas to
others, while we want words by which they may
be properly exprefled.

To thofe who will confider it with attention,'
the firt part of this treatife will afford frequent
proéfs of the truth of thefe obfervations. But as,
in the condu& of my work, I have been obliged
to obferve an order of arrangement eflentially -
differing from what has been adopted in any
other chemical work yet publiﬁ)ed it is proper
that I fhould explain the motwes whlch have
led me to adopt that arrangement

It is a maxim univerfally admitted it Geome:
try, and indeed in every branch of knowledge,
that, in the progrefs of inveftigation, we fhould
proceed from known faéls to what is unknown.
In early ‘infancy, our ideas fpring from our
wants, the fenfation of want exciting the idea of
the obje& by which it is to be gratified. In
this manner, from a feries of {enfations, obferva-
tions, and analyfes, a fucceffive train of ideas ari-
{es, fo linked together, that an attentive obferver
may trace back, to a certain point, the order and
connection of the whole fum of human know-
ledge. ‘ _ , ‘
s B2z ~ When

L
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When we begin the ftudy of any fcience, we
are in a fituation, refpeting that fcience, fimilar
to children; and the courfe by which we have
to advance, is precifely the fame which Nature
follows in the formation of their ideas. In a
child, the idea is merely an effe& produced by a
fenfation ; and, in the fame manner, in commen-
cing the ftudy of a phyfical {cience, we ought to
form no idea but what is a neceffary confequence,
and immediate effe@, of an experiment or ob-
fervation. Befides, he who enters upon the ca-
reer of fcience, is in a lefs advantageous fituation .
than a child who is acquiring his firft ideas. To
the child, Nature givés various means for retti-
fying any miftakes he may commit, fefpe@ing
the falutary or hurtful qualities of the obje@s
which furround him. On every occafion his
judgmerts are correfted by experience ; want
and pain are the neceflary confequences arifing
from falfe judgment ; gratification and pleafure
are produced by judging ar}ght._ Under fuch

. mafters, we cannot fail to becoine well informa
ed; and we foon learn to reafon juftly, when
want and pain are the neceffary confequences of
@ contrary conduct. . .

In the ftudy and practice of the fciencés it is
entirely
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entirely different ; the falle judgments we may
form neither affe& our exiftence nor our welfare;
and we are not compelled by any phyfical necef-
fity to corre& them. Imagination, on the con-
trary, which is ever wandering beyond the
bounds of truth, joined to felf-love, and that
felf-confidence we are fo apt to indulge, prompt
us to draw conclufions which are not immediate-
ly derived from fa@s ; fo that we become in fome
meafure interefted in deceiving ourfelves. Hence
it is by no means furprifing, that, in the fcience
of phyfi¢cs in general, men have {o often form-
ed fuppafitions, inftead of drawing conclufions.
Thefe fuppofitions, handed down from one age
to another, acquire additional weight from the
authorities by which they are fupported, till at
laft they. are received, evgn by men of genius, as
fundamental truths.

The only method of preventing fuch errors
from taking place, and of corre@ing them when
formed, is to reftrain and fimplify our reafoning
as much as.poffible. This depends entirely on
ourfelves, and the negle of it is the.only fource
of our miftakes. We muft truft to nothing but
fa&ts : Thefe are prefented to us by Nature, and
cannot deceive. We ought, in every inftance,

| By + - to
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to fubmit our realoning to the tet of experi-
ment, and never to fearch for truth, but by the
patural road of experiment and obfervation.
Thus mathematicians obtain the folution of a
problem, by the mere arrangement of data, and
by redueing their reafoning to fuch fimple fteps,
and to conclufions fo very obvious, as never tq
lofe fight of the evidence whicp guides them.

Thotbughly convinced of thefe fruths, I have
.impofed upon my{'elf as a law, never to advance
but from what is known to what is unknown ; 3
never to form any cqncluﬁqn ‘which is not an.
immediate cgnfequgnpé neceflarily flowing from
obfervatjon and éxperiment; a_nd always to ar-
range the fa&ts, and the concluflons which are
drawn from them, in fuch an order as fhall ren-
der it moft eafy for begmners in the ﬂudy of
chemiftry thoroughly to underftand them. Hence
I have been obliged to depart from the order
ufually obferved in courfes of lectures and trea-
tifes upon chemiftry ; which always aflume the
firft principles of the {cience a3 known, whereas
~ the pupil or the reader thould never .be fuppofed
to know them till they have been explained in
fubfequent leflons. "In almoft every inftance,

fhemxcal agthors and lgcturers begin by'treating
. . of
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of the elements of matter, and by explaining the
table of affinities ; without confidering, that, in
fo doing, they muft bring the principal pheno-
mena of chemiftry into view at the very outfet :
They make ufe of terms which have not been
defined, and fuppofe the fcience to be under-
ftood by the very perfons they are only begin-
ning to teach,

It ought likewife to be confidered, that very
little of chemiftry can be learned ina firft courfe,
which is hardly {ufficient to make the language
of the fcience familiar to the ears, or the appara-
tus familiar to the eyes. It is almoft impoffible
to become a chemift in lefs thap three or foyr
years of conftant application.

Thefe inconveniences are occafioned, not fo
much by the nature of the fubjed, as by the me.
thod of teaching it; and, to avoid them, I was
chiefly induced to adopt a new arrangement of -
chemiftry, which éppeared to me more confo-
nant to the order of Nature. I acknowledge,
however, that in thus endeavouring to avoid dif-
ficulties of one kind, I have found myfelf invol-
ved in others of a different fpecies, fome of which
J have not been able to remove ; but I am per-

B4 fuaded,
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fuaded, that fuch as remain do not arife from
the nature of the order I have adopted, but are
rather confequences of the imperfetion under
which chemiftry ftill labeurs. This fcience has
many -cha:fms, which interrupt the feries of fas,
and often render it extremely difficult to recon-
cile thefe with each other: It has not, like the
elements of geometry, the advantage of being a
complete {cience, the parts of which are all
clofely conneéted together: Its actual progrefs,
however, is fo rapid, and the fadls, under the
modern docrine, have afflumed fo happy an ar-
rangement, that we have ground to hope, even
in our own times, to fee it approach near to the
higheft ftate of perfection of which it is fufcep-
tible. -

The rigorous law from which I have never
deviated, of forming no conclufions which are
not fully warranted by experiment, and of never
Tupplying the abfence of facts, has prevented me
from comprehending in this work the branch
of chemiftry which treats of affinities, although
it is perhaps the beft calculated of any part of
chemiftry for being reduced into a completely
fyftematic body. Meflrs Geoffroy, Gellert, Berg-
man, Scheele, De Morveau, Kirwan, and many

others,
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others, have colle@ed a great number of particu.

lar fa@s upon this fubje&, which only wait for a

proper arrangement : but the principal data are

ftill wanting ; or, at leaft, thofe we have are ei-

ther not fufficiently defined, or not {ufficiently

proved, to become the foundation for fo very

important a branch of chemiftry. This fcience

of affinities, or ele@ive attra&ions, holds the fame '
place with regard to the other branches of che-

miftry, that the higher or tranfcendental geome.

try does with refpet to the fimpler and elemen-

tary part; and I thought it improper to involve -
thofe fimple and plain elements, which I ﬂattet :

myfelf the greateft part of my readers will eafily
underftand, in the obfcurities and difficulties
which ftill attend that other very ufeful and ne.
ceffary branch of t‘:hemicaf fcience.

Perhaps a fentiment of felf-love may, without
my perceiving it, have given additional force to
thefe refletions. Mr de Morveau * is at prefent
engaged in publifhing the article 4ffinity in the
Methodical Encyclopzdia ; and I had more rea-
fons than one to decline entering upan a work
in which he is employed.

It will, no doubt, be a matter of furprife, that

1R
+ Now Guyton.
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. in a treatife upon the elements, of chemiftry,
there thould be no chapter on the conftituent

and elementary parts of matter ; but I may here.

obferve, that the fondnefs for reducing all the
bodies in nature to three or four elements, pro-
ceeds from a prejudice which has defcended to
* us from the Greek Philofophers. The notion of
four elements, which, by the variety of their
proportions, compofe all the known fubftances
in nature, is a mere hypothefis, affumed fong be-
fore the firft principles of experimental philofo-
phy or of chemiftry had any exiftence. In thofe
days, without poflefling facts, they framed fy-
ftems ; while we, who have colleéted fadts, feem
determined to rejett even thefe, when they do
not agree with our prejudices. The authority

of thofe fathers of human philofophy ftill carry

great weight, and there is reafon to fear that it

willeven bear hard upon generations yet to come.

It is very remarkable, notwithftanding the
number of philofophical chemifts who have {up-
ported the doctrine of the four elements, that
there is not one who has not been led, by the
evidence of fals, to admit a greater number of
elements into their theory. The firft chemical
authors, after the revival of Jetters, confidered
; {ulphur
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folphur and falt as elementary fubftances enter-
ing intp the compofition of a great number of-
bodies ; hence, inftead of four, they admitted the
exiftence of fix elements. Beccher affumed the
exiftence of three kinds of earth ; from the com-
bination of which, in different proportions, he
fuppofed all the varieties of metallic fubftances
to be produced. Stahl gave a new modification
to this fyftem: And fucceeding chemifts have
taken the liberfy to make or to imagine changes
and additions of a fimilar nature. All thefe che-
mifts were carried along by the genius of the age
“in which they lived, being fatisfied with affer-
tions inftead of proofs ; or, at leaft, often admit-
ting as proofs the {lighteft degrees of probabili~
ty, unfupported by that ftrictly rigorous analyfis
which is required by modern philofophy, '

All that can be faid upon the number and na-
ture of elements is, in my opinion, confined to
difcuffions entirely of a metaphyfical nature,
The fubje¢t only furnifhes. us with indefinite
problems, which -may be folved in a thoufand
different ways, not ope of which, in all probabix
lity, is confiftent :with nature. I fhall, therefore;
only add. upon this fubjed, that if, by the. term
slements, we meap to.exprefs. thofe. fimpleand
R indivifible
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indivifible atoms of which matter is compofed,
it is extremely probable we know nothing at all
about them ; but, if we apply the term elements
or principles of bodies, to exprefs our idea of the
laft point which analyfis is capable of reaching,
we muft admit, as elements, all the fubftances
into which we are able to reduce bodies by de-
compofition. Not that we are entitled to affirm,
that thefe fubftances which we confider as fimple,
may not themfelves be compounded of two, or
even of a-greater number of more fimple princi-
ples ; but fince thefe principles cannot be fepara.
ted, or rather fince we have not hitherto difco-
vered the means of feparating them, they a&
with regard to us as fimple fubftances, and we
ought never to fuppofe them compounded until
experiment and obfervation have provcd them to
be fo. '

The foregoing refleGtions upon the progre(s of
chemical ideas naturally apply to the words bj
which thefe ideas are exprefled. Guided by the
work which, in the year 1787, Meflrs de Mor-
veau, Berthollet, de Fourcroy, and I compofed
upon the Nomenclature of Chemiftry, I have en-
deavoured, ‘as much as poffible, to denominate
fimple bodies by fimple terms, and I was natu<

| rally



PREFACE XXi%

rally led to name thefe firt. It will be recolle®-
ed, that we were obliged to retain that name of
any fubftance by which it had been long known
in the world, and that in two cafes only we took
the liberty of making alterations ; firft, in the
cafe of thofe which were but newly difcovered,
and had not yet obtained names, or at leaft which
had been known but for a fhort time, and the
names of which had not yet received the fanc-
tion of the public; and fecondly, when the
names which had been adopted, whether by the
ancients or the moderns, appeared to us to ex-
prefs evidently falfe ideas ; when they confound-
. éd the fubftances, to which they were applied,

with others poffefled of different, or perhaps op-
poﬁt.e qualities. ‘We made no fcruple, in this
cafe, of fubﬁxtutmg other names in their room,
and the greater humber of thefe were borrowed
from the Greek language. We endeavoured to
frame them in fuch a manner as to 'e'xprefs the
moft general and the moft chara@eriftic quality
of the fubftances; and this was attended with
the additional advantage both of affifting the
memory of beginners, who find it difficult to re-
member a new word which has no meaning, and

of
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of accuftoming them early to admit no word with-
out conneing with it fome determinate idea.

To thofe bodies which are formed by the
union of feveral fimple fubftances, we gave new
names compounded in fuch a manner as the na-
ture of the fubftances directed ; but, as the num-
ber of known double combinations is already
very confiderable, the only method by which we
could avoid confufion, was to divide thefe into
claffes,  In the natural order of ideas, the name
of the clafs or genus is that which éxp;'eﬁ'es 3
‘quality common to a great number of indivi-
duals ; the name of the fpecies, on the contrary,
exprefles.a quality :peculia"r to certain individuals
only. ' ' s

. Thefe diftin&ions are not, 4s fome. may imas
gine, merely metaphyfical, but -are eftablifhed
by pature. . A child,” fays the Abbé de Con-
dillac, “is taught to give the name ¢ree to the
«. firft which is pointed out to him.. The next
¢ tree he fees 'prefents the fame idea, and he
“ gives it the fame name. This-he does likewife
“ to a third and a fourth, till at laft the word
¢ tree, which .he.at firft applied to an individual,
“ comes to be employed by him as the name of

Gba
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“ aclafs or a genus ; it becomes an abftra& idea,

¢ which comprehends all‘trees in general. But
“ when he learns that all trees do not ferve .the
“ fame purpofe, that they do.not all produce
“ the fame kind of fruit, he foon diftinguifhes
“ them by fpecific and particular names.’’ - This
is the-logic of all the fctences, and is very natu-
rally applicable to chemiftry.

_The acids, for example, are compounded of .

two fubﬁances, which we confider as fimple ;
the one conftitutes acidity, and is common to all
acids, and, from this fubftance, the name of the
clafs or the genus ought to be taken; the other
is peculiar to.each acid, and diftinguithes it from
the reft, and from this fubftance is to be taken
the name of the fpecies. But, in the greater
number of acidsgthefe two conftituent elements,
the acidifying .principle, 4nd that which it aci-
difies, may exift in different proportions, confti-
tuting all the poflible points of equilibrium or of

fatyration. . This is the cafe in the fulphuric and -
the fulphurous-acids 5 and thefe two ftates of the

fame acid tve have marked by varying the termi-
nation of the fpeciﬁc name.

© Metallic’ fubﬁainces which have been éxpo,ffed

to
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to the joint aftion of the air and of fire, lofe .
their metallic luftre, increafe in weight, and af-
fume an earthy appearance.’ In this fate, like
the acids, they are compounded of a principle
which is common to all, and of one which is pe-
euliar to each. In the fame way, therefore, we
have thought proper to clafs them under a ge-"
neric name, derived from the common prine.
ciple ; for which purpofe, we have adopted the
term oxyd ; and we diftinguith them from each
other by the particular name of the metal to
which each belongs.

- Combuftible fubftances, which in acids and
metallic oxyds are fpecific and particular prin.
ciples, are capable of becoming, in their turn,
common principles of a great number of com-
pounds. The fulphurous cegabinations have
been long the only known eones in this kind :
‘Now, however, we kiow, from the experiments
of Meflrs Vandermonde, Monge, and Berihollet,
that carbon may be combined with iron, and
perhaps with feveral other metals ; and that,
from this combination, according to the propor-
tions, may be producéd fteel, plumbago, &c.
We know likewife, from the experiments of M.

Pelletier, that phofphorus may be combined with
‘.
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i great tumbet ‘6f metallic fubflances: Thefk.
different cothBindtiors we have clafled andet ge-
netic niames taken from the common fubftance;’
with°a teriination which marks this ‘analogy,’
{pecifyifrg 'thém by anothet -name taken from
that fibfdnce: wl‘nch is proper to each.

The nomenclature of bodies compound.ed of
three fimple fubftances wds attended with ftill
greater difficalty ; not only on account of their
numbet, but particulatly, becaufe we ¢annot ex-
prefs the natire of their conflituent .principles
without employmg more ccmpound narnes In
the bodies which form thls clafs, fuch'as the neu-
tral falts, for mﬁance, We had to conﬁder, Iﬁ
The acldlfymg prmc1ple which is common’ to
them all; 2d, The acidifiable prmcxple whlch
conftitutes their peculiar acid ; 3d, The falme,
earthy, or metallic bafis, which determines the
particular fpecies of. falt. Here we derived the
name of each clafs of falts from the name of the
acidifiable principle common to all the indivi-.

. duals of that clafs; and diftinguifhed each-{pecies.

by the name of its peculiar faline, earthy, ok ‘me-
tallic bafls. . R,

A falt, fhough é:orhfiouride'd of thé fame three
G ‘ principles,
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principles, may, neverthelefs, by the mere diffe-
rence of their proportion, be'in three different
ftates of faturation. The nomenclature. we have.
adopted would have been.defetive, had it not
exprefled thefe different ftates ; .and this we at-
tained chiefly by ;hanges of termination uni-
formly applied to the fame ﬁa.te of the dlﬁ'erent
falts

" In {hort we bave advanced fo far, that from
the name alone may be mﬁantIy found what
the combumble_fubftanceixs which enters into
any c'ombinat.ion ; ‘v‘vhether that combuftible fub-
ftance be .'comh~ined. with the acidifying prin-
ciple, and in what i)roportion; what is the ftate
of the acid; with. what bafis it is united ; whe-
ther the faturation be exa& or whether the acid,
or the baf s be in excefs.

- It may eafily be fuppofed that it was not pof-
fible to‘attain all thefe different obje&s without
departing, in fome inftances, from eftablifhed
cuftom, end adopting terms which, -at firft fight,
may - appedr -uncouth and barbarous. But we
cenfidered -that -the ear is foon habituated to
new words, efpecially when they are conneé@ed
with a general and rational fyftem. The names,
- T ‘ 'll.Jeﬁdes,

N
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bifides, which were formerly employed, fuch as
pocvder of algaroth, Jalt of alembreth, pompholix,
phagadenic water, turbith mineraly colcothar, and
many others, were neither lefs barbarous nor
lefs uncommon. It required a great deal of prac-
tice, and no fmall degree of memory, to recolle&
the fubftances to which they were applied ; much
more to recollet the génus of. combination to
which they belonged. The names of oil of tar-
tar per diliquium, oil of vitriol, butter of arfenic,
and of antir;zony, ﬂoﬁ»en of zinc, &c. were ftill
‘more improper, becaufe they fuggefted falfe
ideas’; for, in the whole mineral kingdom, and
particularly in the metallic clafs, there exifts no
fuch thing as butters, oilé, or flowers; in fhort,
the fubftances to which thei'e fallacious names
were given, are rank poifons. '

When wie piiblifhed our eflay on the Nomen-
clature of Chemiftry, we were reproached for
having changed the language which was fpoken .
by our mafters; which they ftamped with their
authority, and have handed down to us. But
thofe who repraach us on this account, have for-
gotten that Bergman and Macquer urged us to.
make this reformation: In a letter which the,
learned Profeffor of Upfal, M. Bergman, wrote,

' C2 )



XXXVi PREFACE

afhort time befaore he died, to Mr Morvean, he
hids him ypare na impropér names ; thofe who are
learned, wili always be learned, and thofe who
are z:gnom‘at rwill thus learn fooner. -

There 1S an obJeé'txon to this work, which is -
perhaps better founded that T have given no
accourit of the qplmons of thofe who have gone
beforé e, and have only ftated my own, with-
out examining 't_hoﬁ; of others. By this I have
been prevented from doing that juftice to my af~
fociates, and more efpecially to foreign chemifts,
which I wxfhed to' render them. But I befeech
thc reader to confider, that, if I had filled an ele-
mentary work with a multitude of quotations, if
I had allowed myfelf to enter into long differta-
fions on the hiftory of the fcience, and the works
of thofe who have ftudied it, I muft have loft
fight of the true object I had in view, and fhould
have produced a work extremely tirefome to be-
ginners. |

It'is not the hiftory of the fcience, or of the
- human mind, that we are to attempt in an cle-
mentary treatife. Qur only aim fhould be eafe:
and perfpicuity, and With the utmoft care to keep:
every thing out of view which may draw afide
the attention of the ftudent, It isa road-which

- - we
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we fhould be continually rendering more {inooth,
and from which we muft endeavour ta remove
every obftacle which can occafion delay. The.
fciences, from their own nature, prefent a foffi-.
cient number of difficulties, though sve add not
thofe which are foreign. But, befides this, che-
mifts will eafily perceive, that, in the firft part.
of my work, I make very little ufe of any expe-
riments but thofe which were made by myfelf.
" If at any time I have adapted, thhout acknow-
ledgment, the expenments or the. opxmons of M.
_Berthollet, M. F ourcroy, M. d¢ la Place,
Monge, or, in general, of any of thofe whofe prm-
' ciples are the fame with my own, it xs owmg to
this c1rcumﬁance, that frequent mtercourfe, amd~
the habit of communicating our ideas, our obfer-
vattons, and our ways of thmkmg, ta each other,,
has eﬂ:abh{hed between us a fort of commumty}
of apinions, in which it is often dlﬁicult for eves

\.
ry one ta know his own.

~ Thefe remarks on the order which 1 thoug:bt
myfelf obliged to follow in the arrangement of
proofs and ideas, are to be applied only to the-
firt part of this work, It is the only one w,hi_éh‘
eontains the general fum of the do&rine I have.
adopted, and :to which I wifhed to give a.form

pletely elementary.
C3 The
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The fecond part is compofed chiefly of tables-
of the nomenclature of the neutral falts. To
thefe I have only added géneral explahations, the
objeét.of. .which is to point out the moft fimple
procefles for obtaining the different kinds of
~ known acids. This part contains nothing which
1 can call my own, and prefents only a very fhort
abridgment of the refults of thefe proceffes, ex-
tracted from the works ‘of different authors.

In the third part, I have given a defcription,
i'n'détail, of all the operations conneted with
modern chemiftry, I have long thought that a
work of this kind was much wanted, and I am
convmced it will not be without its ufe. The
method of performing experiments, and particu-
larly thofe of modern chemiftry, is not fo general-
ly known as it ought to be ; and had I, in the dif-
ferent memoirs which I have prefented to the
Academy, been ‘more particular in the detail of
the manipulations of my experiments, it is pro-
bable I fhould have made myfelf better under-
ftood, and the fcience might have made a more
rapid progrefs. The order for the different mat-

" ters contained in this third part appears to me
almoft arbitrary ; and the only one I have ob-*

ferved is to clafs together, in each of the chapters

of

e
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of which it is compofed, ‘thofe operations which
are moft conne@ed ‘with one another. - I need
hardly mention, that this part could not be bor-
rowed from any other work, and that, in"the
principal articles it contains, could not denve
affiftance from any thing but the expenments
which I have made myfelf. S

\

I thall conclude this preface by, tranfcribing,
Jjterally, fome obfervations of the Abbé de Con-
dillac, which I think defcribe, with a-good deal
of truth, the ftate of Chemiftry at a period not
far diftant from our own. Thefe obfervations
were made on a different fubjec ; but they will
not on this account, have lefs force, if the appli-
cation of them be juft.

« Inftead of applying obfervation to the things

“ we wifhed to know, we have chofen rather to
« imagine them. Advancing from one ill-found-
« ed fuppofition to another, we have at laft be-
“ wildered ourfelves amid a multitude of errors.
« Thefe errors, becoming prejudices, are, of
« courfe, adopted as principles, and we thus be-
« wilder ourfelves more and more. The method,
“ too, by which we conduét our reafonings is
« abfurd ; we abufe words which we do not un-
“ derftand, ‘and call this the art of reafoning.
& Wheén matters have been brought this length,

C4 “ when
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“ is but one remedya by wh;ch order can be re-
“ ﬁored to the faculty of thmkmg 3 thlS is, to
o forget all that we have learned to trace back
“ ' our ideas ;o their fource, ta follaw the train in
“ ;Whlch they nfe, and, as Lord Bacon fays, ta
“ frame the human underﬁandmg anew.,

“

¢ This remedy becomes the more. dn!ﬁcult in
# proportmn as we think ourfglves the morg
¢ learned. Might it not be thoughg, that works
¢ which treat of the {ciences with the ytmoft per,
¢ {picyity, and with the greateft order angd pre,
“.cifion, muft be underftood by every dey?
¢ The fa& is, thofe who bave never findied.any
« thing will underftand them better than.thefg
% who have ftudied a great deal, and efpecially
¢ than thofe who have written a great deal,”

." In another place the Abbé de Candillac adds
¢ But, notwijthftandjng, the {ciences bave impro-
© “ ved, becaufe philofophers have applied them-
- ¢ felyes with more attention than formerly to ob-
¢ ferve Nature, and have communicated to their
“ language that precifion and accuracy which
¢ they have ernpfoyed in their obfervations.—By
~  correfling their language they have reafoned
¢ better,”
c O.N-
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CHEMISTRY.

PART L

1

Of the Formation and Decompofition of
Aériform Fluids,—of the Combuftion of .
Simple Bodies,~and of the Formation

- of Acids. R

CHAP I

Of the Combinations of Galoric, and the Formation
of Elaftic Aériform Fluids.

HAT every body, whether folid or flnid,

is augmented in all its dimenfions by any
increafe of its fenfible heat, was long ago fully
eftablifhed as a phyfical axiom, or univerfal pro-
pofition, by the celebrated Boerhaave. Such
facts as have been adduced for controverting the
Vou. L D ' generality
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generality of this principle, offer only fallacious
refults, or, at leaft, fuch as are fo complicated
with foreign circumftances, as to miflead the
judgment. But, when we feparately confider .
the effe@s, fo as to deduce éach from the caufe
to which they feparately belong, it is eafy to
perceive, that the feparation of particles by heat
is a.conftant and general law of nature.

When we have heated a folid body to a cer-
tain degree, and have thereby caufed its parti-
cles to feparate from each other, if wg allow the
body to cool, its particles again approach each
other, in the fame proportion in which they were
feparated by the increafed temperature ; the bo-
dy returns by the fame. degrees of expanfion
- through which it before extended; and, if
brought back to the fame temperature which it
poflefled at the commencement of the experi-
ment, it recovers exactly the fame dimenfions
which it formerly occupied. We are ftill ve-
ry far from bheing able to produce the degree of
abfolute cold, or total deprivation of heat, being
unacquainted with any degree of coldnefs which
* we cannot {uppofe capable of fill further aug-
mentation ; hence it follows, that we are inca-
pable of caufing the ultimate particles of bodies
to-approach each other as near as poffible, and
that thefe particles of bodies do not touch each
other in any ftate hitherte known. Though

. this.
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this be a very ﬁngular concluﬁon, it is impoffible
to be denied.

It may be fuppofed, that, fince the particlesof
bodies are thus continually impelled by heat to
feparate from each other, they would have ng
conne@ion between themfelves; and that, of
confequence, there could be no folidity in na-
ture, unlefs thefe particles were held together
by fome other power which tended to unite
them, and, fo to fpedk, to chain them tagether:
This power, whatever be its caufe, or manneg
of operation, is named Attraiion.

Thus the particles of all bodies may be con-
fidered as fubject to the action of two oppofite
powers, Repulfion and -Attraction, between
which they remain in equilibrio. So long as the
attra@ive force remains ftronger, the body muft
continue in a ftate of folidity ; but if, on the
contrary, heat_has fo far removed thefe parti-
cles from each other as to place them hHeyand
the fphere of attradtion, they. lofe the cohefion
" they before had' with each other, and the body
ceafes to he folid.

Water gives us a regular and conftant exam-
ple of thefe facts. While its temperature is he-
" low 32° of Fahrenheits fcale *, it remains falid,
- ‘D2 and’

* Whenever the degree of heat occurs in the original,
it is ftated by the author according to Reaumurs ther-
mometes ;
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and is called ice. Above.that degree of tempera-
ture, its paiticles being no longer held together
by reciprocal attraction, it becomesliquid ; and,
when we raife its temperature above 212°, its
particles, giving way to the repulfion caufed by
the heat, affume the ftate of vapour or gas, and
the water is changed into an agriform fluid.

The fame may be affirmed of all. bodies in
nature :, They are either folid, or liquid, or in
the ftate of elaftic aériform vapour, according
to the proportion which takes place between
the attractive force inherent in their particles,
and the repulfive power of the heat acting upon
thefe; or, what amounts to the fame thing, in
proportion to the degrees of heat to which they
are expofed.

It is difficult to comprehend thefe phenome-
na, without admitting them as the effe@ts of a
real and material fubftance, or very fubtile fluid,
which, infinuating itfelf between the particles
of bodies, feparates them from each other. Even

allowing that the exiftence of this fluid may be

hypothetical, we fhall fee in the fequel that it

explains the phenomena of nature m a very fa-
tisfaCtory manner.

This fubftance, whatever it is, being the caufe

) of

iometer ; but the tranflator has thought it more conve-
nient to ufe Fahrenheits fcale, as more generally em-
ployed and underftood in Britain,~T.
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of heat, or, in other words, the fenfaﬂor&whnch
we call warmtb being caufed by the #¢gamula-
tion of this fubftance, we cannot, in ftri& lan-
guage, diftinguifh it by the term bear, becaufe
the fame name would then very improperly ex-
prefs both caufe and effe®. For this reafon, in
the memoir which I publifhed in 1777 *, I gave
it the names of igneous fluid and matter of beat :
And, fince that time, in the work { publifhed
by Mr de Morveau, Mr Berthollet, Mr de Four-
croy, and myfelf, upon the reformation of che-
mical nomenclature, we thought it neceflary to
reje& all periphraftic expreflions, which both
lengthen phyficgl language, and render it lefs
diftin®, and which even frequently do not
convey fufficiently juft ideas of the obje in-
tended. Wherefore, we have diftinguifhed the
caufe of heat, or that exquifitely elaftic fluid
which produces it, by the term of caloric. Be-
fides that this expreffion fulfils our obje® inthe
{yftem which we have adopted, it poffefles this far-
ther advantage, that it accords with every fpecies
of opinion’; fince, firictly {peaking, we are not
obliged to fuppofe this to be a real {ubftance, it
being fufficient, as will more clearly appear in the
{cquel of this Work that it be confidered as the

D3 - repulfive’

* Colle&ions of the French Academy of Sclences for
that year, p. 420.

1 New Chemical Nomenclatui'e.
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repul ufe, whatever that may be, which fes
parat particles of matter from each other ;
fo that we are flill at liberty to inveftigate its ef-
fects in an abftract and mathematical manner.

" In the prefent ftate of our knowledge, we are
unablé to determine whether light be a modifi-
cation of caloric, or if caloric be, on the contra-
ry, a modification of light. This, however, is
indifputable, that in a fyftem where only deci-
ded. facts are admiffible, and where we avoid, as
far as poffible, to fuppofe any thing to be, that
is not really known to exift, we ought provifion-
ally to diftinguifh, by diftin& terms, fuch things
as are known to produce differgnt effets. We
therefore diftinguifh light from caloric ; though
we do not therefore deny that thefe have certain
" qualities in common, and that, in certain cir-
cumftances, they combine with other bodies als
moft in the fame manner, and produce, in part,
the fame effects.

What I have already faid may fuﬂice to de-
termine the idea affixed to the word caloric ;
but there remains a more difficult attempt, -
which is; to give a juft conception of the man-
ner in which caloric a@s upon other bodies,
Since this fubtile matter penetrates prough the
pores of all known fubftances; fince there are
no veflels through which it cannot efcape; and,
confequedtly, as there are none which are capa-
ble of retaining it; we can only come at the

: knowledge
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knowledge of its properties by e h are
fleeting and difficultly afcertain is in
thofe things which we neither fee noP teel, that
it is efpecially neceflary to guard againft the ex-
travagancy of our imagination, which for ever
inclines to ftep beyond the bounds of truth, and
is very difficultly reftrained within the narrow
limits of fats. :

We have already feen, that the fame body
becomes folid, or fluid, or aériform, according
to the quantity of calorigsby which it is .pene-
trated ; or, more ﬁri&l)according as the re-
pulfive force exerted he caloric is equal to,
ftronger, or wesker, thall the attradtion of the
particles of the body it acts upon.

But, if thefe two powers only exifted, bodies
would become ﬁuid #n indivifible degree of
the thermomiete?, and would almoft inftantane-
oufly pafs from theMolid ftate of aggregation to
that of aé’rifom elafticity. Thus water, for in-
ftance, at the very inftant when it ceafés to be
ice, would begin to boil, and would be tranf-
formed into an aériform fluid, having its parti-
cles fcattered indefinitely through the furround-
ing fpace. That this does not happen, muft de-
pend upon the action of fome third power : The
Preffure of the Atmofphere prevents this fepara-
tion, and caufes the water to remain in the li-
quid ftate until raifed to the temperature indica-
ted by 212° on the fcale of Fahrenheits thermo-

D4 meter 3
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' meter ntity of caloric which it receives
in th temperatures being infufficient to
overcom®®ne preflure of the atmofphere.

Whence it appears, that, without this atmo-
fpheric preffure, we fhould not have any perma-
nent liquid, and fhould only fee bodies in that
ftate of exiftence in the very inftant of melt-
ing ; for the {malleft additional caloric would
then inftantly feparate their particles, and diffi-
pate them through the furrounding medium.
Befides, without thls _atmofpheric preflure, we
fhould not even have‘hny proper agriform fluids ;
becaufe the moment the force of attrattion is
overcome by the repulfive power of the caloric,
the particles of bodies would feparate themfelves
indefinitely, having nothing to give limits to
their expanfion, unlefs their own gravity might
collet them together, fo as to form an atmo-
fphere.

Simple reﬂeé’tlon, upon the moft common ex-
periments, is fufficient to evince the truth of
thefe pofitions. They are more particularly
proved by the following experiment, which I
publifhed in the Memoirs of the French Aca-
demy of Sciences for 1777, p. 426. '

Having filled with Sulphuric Ether * a fmall

narrow

¢ T fhall afterwards give a definition, and explain the
éropertiw, of the liquor called Etder; I fhall therefore only
premife
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narrow glafs veflel, A, (Plate Vﬂ 17.),
ftanding upon its ftalk P ; the veffeld wffich is
from twelve to fifteen lines diameter, is covered
by a wet bladder, tied round its neck with fe-
veral turns of ftrong thread ; for greater fecurity,
a fecond bladder is fixed over the firft. The
veflel thould be filled in fuch a manner with the
ether, as not to leave the fmalleft portion of air
between the liquog, and the bladder. It is now
placed under the recipient BCD of an air-pump,
of which the upper part B is fitted with a lea-
thern collar, through which pafles a wire EF,
having its point F very fharp ; and in the fame
receiver there is placed the barometer GH. The
whole being thus difpofed, let the recipient be
‘exhaufted, and then, by puthing down the wire
EF, a hole is made in the bladder : Immediate-
ly the ether begins to boil with great violence,
dand is changed into an elaftic aériform fluid,
which fills the receiver. If the quantity of ether
be fufficient to leave a few drops in the phial
after the evaporation is finifhed, the elaftic fluid
produced will fuftain the mercury in the baro-
meter attached to the air-pump, at eight or ten
inches in winter, and from twenty to twenty-

five

premife here, that it is a very volatile and highly inflam-
mable liquor, having a confiderably fmaller fpecific gra-
vity than water, or even fpirit of wine.—A.
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five i 1 mér *. To render this experiment
nore n%ete, we may introduce a fmall ther-
tometer into the phial A, containing the ether,
which will be found to defcend confiderably du-
ring the evaporation.

The only effe® produced in this experiment
is, the taking away the weight of the atmofphere,
which, in its ordinary ftate, prefles on the fur-

-face of the ether ; and the effe@s refulting from
_ this removal evidently prove, that, in the ordi-
nary temperature of the earth, ether would al-
ways exift in an aériform ftate, but for the pref-
fure of the atmofphere, arid that the change of
the ether from the liquid to the aériform ftate
is accompanied by a confiderable diminution of
temperature ; becaufe, during the evaporation,
a part of the caloric, which was before it a free
ftate, or at leaft in equilibrio + in the furropnd-
ing bodies, combines with the ether, and caufes
it to affume the aériform ftate.
The fame experiment fucceeds with all eva-
‘ porable

* It would have been more fatisfaltory if the Author
had fpecified the degrees of the thermometer at which
thefe heights of the mercury in the barometer are pro-
duced.—T.

+1 thould rather fuppofe, according to Mr Lavoifiers
own prmclples, that the evaporation is produced in confe-
quence of the equilibriam between the repulfive force of
the caloric contained in the ether, and the refiftance to
expanfion exerted by the atmofpheric preflure being re-
moved.—T.
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pofable fuids, fuch as alcohol, water, and even
mercury 3 with this difference, thiit the atmo-
fphere, formed in the receiver by alcohol, only

" fupports the attached barometer about one inch

in winter, and about four or five inches in {um-
trier ; that formed by water, in the fame fitua-
tion, raifes the mercury only a few lines ; and
that produced by quickfilver raifes it but a few
fractions of a line. There is therefore lefs fluid
evaporated from alcohol than from ether, lefs
from water than from alcohol, and ftili lefs from
mercury than frog either; confequently there
is lefs caloric employed, and lefs cold produced,
which quadrates exactly with the refults of thefe
experiments. ,

Another fpecies of experiment proves very e-
vidently, that the aériform ftate is a modification
of bodies dependent on the degree of tempera-
ture, and on the preflure which thefe bodies un-
dergo. In a Memoir read by Mr de la Place and
myfelf to thé Academy in 1774, which has not
been printed, we have fhewn that, when ether is
{fubjefted to a preflureequal to twenty-eight inch-

 es of the barometer, or about the mnedium pref-
{ure of the atmofphere, it boils at the temperature

of about 104°, or 106.25° of the thermometer.
Mt de Luc, who has made fimilar experiments -
with {pirit of wine, finds it to boil at 182.75° :
And it is well known that water boils at 2r12°.
Now, boiling being only the evaporation of a
liquid,
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liquid, or the moment of its pafling from.the
fluid to theygériform ftate, it is evident that, if
we keep ether continually at or above the tem.
perature of 106.25°, and under the common
preflure of the atmofphere, we fhall have it al-
ways in an elaftic aériform ftate; and that the
fame thing will happen with alcohol when a-
bove 182.75°, and with water when above 212° 3
all which are perfe&ly conformable to the fol-
lowing experiment *,

I filled a large veflel ABCD (Plate VII.
Fig. 15.) with water, at 110.75°,0r 113° : I {up-
pofe the veffel tranfparent, that we may fee what
takes place in the experiment ; and we can ea-
fily hold the hands in water at that temperature -
without inconvenience. Into this veffel I plunged
fome narrow-necked bottles F, G, filled with the
water and turned up, fo as to reft on their mouths
on the bottom of the veflel. .Having next put
fome ether into a very {mall matrafs, with its

"meck, a b ¢, twice bent as in the plate, I plunged
this matrafs into the water, having its neck in-
ferted into the mouth of one of the bottles F.
Immediately on feeling the effects of the heat,
communicated to it by the: water in the veflel
ABCD, the ether began to boil, and the caloric,
entering into combination with it, changed it in-

e R : ) ta

* Vide Memoirs of the French Academy, anno 1780,

»- 335—A.
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to ap elaftic aériform fluid, with which 1 filled
feveral bottles fucceflively, F, G, &c.

This is not the place to enter upon the exami-
nation of the nature and properties of this aéri-
form fluid, which is extremely inflammable;
but, confining myfelf to the objet at prefent in
view, without anticipating circumftances, which
I am not to fuppofe the reader to know, I fhall
only obferve, that.the ether, from this experi-
ment, is almoft only capable of exifting in the
agriform ftate in our ufual temperatures ; for, if
the weight of our atmofphere was only equal to
between 20 and 24 inches of the barometer, in-
ftead of 28 inches, we fhould never be able to
obtain ether in the liquid ftate, at leaft in fum-
mer. The preparation of ether would confe-
quently be impoffible upon mountains of a mo-’
derate degree of elevation, as it would be con-
verted into'gas immediately upon being produ-
ced, unlefs we employed recipients of extraor-
dinary firength, affifted by refrigeration and
compreflion. And, laftly, the temperature of the
blood being nearly that at which ether paffes
from the liquid to the aériform ftate, it muft eva-
porate in the prima viw, and confequently it is
very probable that the medical properties of this
fluid depend chiefly upon its mechanical effect.

" Thefe experiments {ucceed better with nitrous
ether, becaufe it evaporates in a lower tempera-
ture than fulphuric ether. It is more difficult

to
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to obtain alcohol in the aériform ftate ; becaufe,.
as it requires a temperature of ;182.75° tq raife
it to vapour, the water of the bath muyft be al-
moft boiling, and it is impoffible to plunge the
hands into it at that temperature.

It is evident that, if water were ufed in the
foregoing experiment, it would: be changed in-
to gas, when expofed to a temperature fuperior
to that at which it boils: Although thoroughly
convinced of this, Mr de la Place and myfelf
judged it neceffary to confirm it by the follow-
ing direct experiment. We filled a glafs-jar, A,
(Plate VII. Fig. 5.) with mercury, and placed it,
with its mouth downwards, in a difh, B, like-
wife filled with mercury, and introduced about
two drams of water into the jar, which rofe to
"the top of the mercury at CD ; we thén plun-
ged the whole apparatus into an iron boiler,
EFGH, full of boiling fea-water, of the tempe-
rature of 223.25°, placed upon the furnace
GHIK. So foon as the water over the mercury
reached the temperature of 212°, it began to
boil ; and inftead of only filling the fmall fpace
ACD, it was converted into an aériform fluid,
which filled the whole jar; the mercury even
defcended below the furface of that in the difx
B; ‘and the jar muft bave been overturned, if it
had not been very thick and heavy, and fixed to
the dith by means of iron-wire. Immediately

after withdrawing the apparatus from the boil-
: ‘ er,
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cr, the vapour in the jar began to condenfe, and
the mercury rofe to its former ftation ; but the
water returned again to the aériform ftate in 2
few feconds after replacing the apparatus in the
boiler.

We have thus a certain number of fubﬁan-
ces, which are convertible into elaflic aériform
fluids, by degrees of temperature not much fu-
perior to that of our atmofphere. We fhall af-
terwards find that there are feveral others which
undergo the fame change in fimilar circumftan-
ces, fuch as muriatic or marine acid, ammoniac
or volatile alkali, the carbonic acid or fixed air,
the fulphurous acid, &c. All thefe are perma-
nently elattic in or about the mean temperature
of the atmofphere, and under its common pref-
fure.

All thefe fa&s, which could be eafily multi-
plied, if neceflary, give full right to aflume, as a
general principle, that almoft every body in na-
ture is fufceptible of three feveral flates of exift-
ence, folid, liquid, and aériform ; and that thefe
three ftates of exiftence depend upon the quan-
tity. of caloric combined with the body. Hence-
forward I fhall exprefs thefe elaftic aériform
fluids by the generic term gas ; and in each {pe-
cies of gas I fhall diftinguith between the calo-
ric, which in fome meafure ferves the purpofe of
a folvent, and the fubftance, which, in combina-
tion with the caloric, forms the bafe of the gas.

To
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. fpecies of wood will imbibe a different quantity
of 'water ; the lighter and-more porous woods
will admit a larger, the eompaét and clofer
grained will admit a lefs-quantity; for the pro-

portional quantities of water, imbibed by the -

pleces, will depend upon the nature of the con-
ftitaent particles of the wood, and upon the
greater or lefs -affinity fubfifting between them
and water : Very refinous wood, for inftance,
though it may be at the fame time very porous,
will admit but little water. We may therefore
fay, that different kinds of wood poflefs diffe-
rent capacities for receiving water ; and. we may
even determine, by means of the augmentation
of their weights, what quantity of ‘water they
have actually abforbed ; but, as we are ignorant
how much water they contained previous to im-
merfion, we cannot determine the abfolute quan-
tity they contain after being taken-out of - the
- water. '

The fame" circumftances undoubtedly take
place with bodies that are immerfed in caloric ;
taking into confideration, however, that water
is an incompreffible fluid, whereas caloric is, on
the contrary, endowed with very great elaftici-
. ty 3 or, in other words, the particles of caloric
have a great. tendency to feparate from each

other, when forced by any other power to ap-

proach ; this difference muft of neceffity occa-

L)
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fion very confiderable diverfities in the refults
of experiments made upon thefe two fubftan-
ces. .o S ‘ L
Having eftablifhed thefe clear and fimple pro-
pofitions, it will be very eafy to explain the ideas
which ought to be affixed to the following ex-
preffions, which are by no means fynonymous,
but poflefs each a ftri® and determinate mean-
ing, as in the following definjtions :

Free caloric, is that which is not combined
in .any manner with any other body. But, as
we live in a yftem to the matter of which calo-
ric has a very ftrong adhefion, we are never

.able to obtain it in the flate of ablolute free-

dom.

" Combined caloric, is that which is fixed in bo-

dies, by affinity or eledive attraction, fo as to

form part of the fubfiance of the body, even
part of its folidity.

By the expreflion fpecyic caloric of bodxes,
we underftand the refpective quantities of calo-
ric requifite for raifing a number of bodies of .
the fame weight to an equal degree of tempe-
rature. ‘This preportional quantity of caloric
depends on the diftance between the conftituent
particles of bodies, and their greater or lels de-
grees of cohefion; and this dxﬁancc, or rather
the fpace or void refultmg from it, is, as I have,
already obferved, called the capacity of bodze.r
Jor containing caloric. ‘
) - E2 Heat(
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" Heat, confidered as a fenfation, or, in other
words, fenfible heat, is only the effe& produ:
ced upon our fentient organs, by the motion or
paffage of caloric, difengaged from the fur-
rounding bodies. In gencral, we receive im-
 preffions only in confequence 6f motion, and it
might be eftablifhed as an axiom, That, wiTH-
OUT MOTION, THERE IS NO SENSATION. 'This
general principle applies very accurately to the
fenfations of heat and cold : When we touch a
cold body, the caloric, which always tends to
betoine in equilibrio in all bodies, paffes from
our hand into the body we touch, which gives
us the feeling or fenfation of cold. The dire
contrary happens when we touch a warm bo'dy, .
the caloric, thep, in paffing from the body into
our hand, produces thé fenfation of heat. If
the hand and the body touched be of the fame
temperature, or very nearly fo, we receive no
impreflion, either of heat or cold, becaufe there.
is no motion or paflage of caloric ; and thus no
fenfation can take place, w1thout fome ‘corré-
fpondent motion to occafion it.

When the thermometer rifes, it thows, that.
free caloric is entering into the furrounding bo-
dies: The thermometer, which is one of thefe,
receives its fhare in proportion to its mafs, and
to the capacity which it pofieffes for containing
caloric. The change, therefore, which takes’
place upon the thermometer, only announces a

change
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change of place of the caloric in thofe bodies, of -
which the thermometer forms one part ; it only -
indicates the portion of caloric received, with-
put being a meafure of the whole quantity dif-
engaged, difplaced, or abforbed. .
The moft fimple and moft exa& method for
determjning this latter point, is that defcribed
by Mr de la Place, in the Memoirs of the Aca-
demy, for the year 1780, p. 364 ; a fummary
explanation. of which will be found towards the
conclufion of this work. This method confifts
in placing a body, or a combination of bodies,

* from which caloric is difengaging, in the middle

of a hollow {phere of ice ; and the quantity of
ice melted becomes an exa& relative meafure of
the quantity of caloric difengaged. It is poffible,
by means of the apparatus which we have got
conﬁruéted upon this plan, to determme, not as

‘has been pretended the capacity of bodies for

containing heat, but the ratio of the intreafe or

- diminution of capacity produced by determi-

nate degrees of temperature. It is ealy, with
the fame apparatus, by varioufly combined ex-
periments, to determine the relative quantities
of caloric neceflary for converting folid fubftan-
ces into liquids, and hqulds into elattic aériform -
fluids ; and vice wver/d, what quantxty of ‘calo-
ric efcapes .from elaftic vapours in changmg to
liquids, and what quantity efcapes from liquids
durmg their converfion into {olids. Perhaps, when
Ej3 ¢xperiments
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experiments fhall have been made with fufficierit
‘accuracy, we may one day be able to determine
the proportional quantities of caloric neceffary
for producing the feveral fpecies of gafes.” I
fhall hereafter, in a feparate chapter, give an ac-
‘count of the principal refults of fuch experi-
ments as have been made uporf this head.
1t remains, before finithing this article, to fay
a few words concerning the caufe of the elafti-
city of gafes, and of hqmds in the ftate of va-
pout. It is by no means difficult to perceive
that this elafticity depends upon that of caloric,
which feéms to be the moft eminently elaftic
body in natare.’ Nothlhg is more readily con-
ceivable, than that oné body fhould become
elaftic, by entering into combinationt with ano-
ther body poﬂ'eﬁ'ed of that quality. We muft
allow that, this is only an explanation of elafti-
city, by an affumption of elafticity ; we thus
only remove the difficulty one ftep farther, and
the reafon for caloric being elaftic, fill remains
-unexplained. Elafticity in the abftrat is mere-
1y a fuppofable quality inherent in the particles
of bodies, by virtue of which they recede from
each other when'forced together. This tenden-
cy in'the partlcles of caloric to feparate, takes
‘place ‘even at confiderable diftances. We fhall
be fatisfied of this, when we confider that air
is capable of - undergoing’ great compreflion,
which fuppofes that its particles were previouf-
ly
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1y 4t a confiderable diftance. from each other
for the power of approaching together cestainly
fuppofes a previous diftance, at.leaft equal to
the degree of approximation: Confequently,
thofe particles of the air, which are already con-
fiderably diftant from each other, terid to fepa-
rate ftill farther. If we produce Boyles vacuum .
in a large receiver of an air-pump, the laft por-
tion of air which remains extends itfelf uniform-
1y through the whole capacity of the veflel, how-
evér large, filling it completely, and preffing
every where againft its fides: We cannot ex-
plain this fa®, without fuppofing that the par-
ticles make an effort to feparate themfelves on
every fide ; and we are quite ignorant at what
diftance; or in what degree of rarefattion, this
effort ceafes to a&..
- In the above experiments a true repulfion
_takes place between the particles of elaftic
fluids ; at leaft, circumftances occur exadly as
if fuch a repulfion actually exifted : and we have
a right to conclude, that the particles of caloric
mutually repel each other. When we are once
permitted to fuppofe this repelling force, the
~-theory of the formation of gafes, or aEriform
fluids, becomes perfectly fimple; though we
efuft, at the fame time, allow, that it is ex-
tremely difficult to form an accurate concep-
tion how this'repulfive force ats upon very mi-
T E4 _ pute
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nate particles placed at great. diftances fto,m eacfi
-other.

. It is, perhaps, more natural to fuppofc, thaa
the particles of caloric have a ftronger mutual
gttraction ‘than .thofe of any other fubftance,
and that thefe Jatter particles are torn afunder
in confequence of this fuperjor atttatian of the
particles of caloric, which forces.them between
the particles of ather bodes, that they may be
able to reunite with each other. We may ob-
ferve fomething analogous to this idea in the phe-
nomena which occur when a dry fponge is dipt
in water : The fponge {wells; its parti¢les fepa-
. rste from each other; and all its intervals gre

£illed by the water. "It is evident, that the {ponge,

in the act of {welling, has acquired a greater

-capacity * for contammg water than it had when -
Co - dry.

# This affertion does not feem well founded ::-—Tli_at,
in the a&t of fwelling, the fponge receives more water
than it held when dry, is very evident ; and that, in con-
fequence of its fibres being firetched, more room is left
‘between them, is likewife true : But if, by capacity for
‘receiving water, we are to underftind that quality inhe-
-rent.in the fponge for imbibing water, in confequence of
‘the difpofition and peculiar firu@ure of its pasts, this re-
mains the fame- when perfe@ly diy as whep filled come

. pletely with moxﬁure 3 or, if we confider its cagacxty to
indicate its dlfpoﬁnon for receiving additional water, thu
muft be greateft when perfe&ly dry, and muft diminith in

. proportion as the water is received into its interftices,.~T,



OF GHEMISTRY. ¢ |

dry. But we cannot certainly maintain, that
the introduion of water between the particles
of the fponge has endowed them with a repul-
five power, which tends to feparate them from
each other ; on the contrary,.the whole. phe-
nomena are produced by means of attradtive
powers : Thele are, -the gravity of the water,
and the power which it exerts on every fide,
in common with all other fluids ; 3 The force of
attraQion which takes place between the parti-
tles of the water, canfing them to upite 1o
ther; The mutual attraction of the particles. of
the {ponge for.-egch other; and, The recipro.
caf }tradtion which exifts betweep the particles
of the fponge. and thofe of the water. It ip
eafy to underflang, that the explanation of, thiy
faft depends upon properly appreciating the ipy
tenfity of, and conpe&ion between, thefe feve-
ral powers, It is probable, therefore, that thg
feparation of the particles of bodtes, occaﬁpnr.d
by caloric, depends in a fimilar manner upon
a certain combmatmn of" dlﬁ'erent attractive
powers, which, in conformxty with the imperfec,
tion of our knowledge, we endeavaur to exprefp
by faying, that caloric communicatesa, power
of repulﬁon to the particles of bodies. . . .
. R
T R A .

CHAP.
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-t ’ CHAP: 1IIL-

Genéral Views concerning the F ormation and Coni-
pofition of our Atmofpbere.

/

HESE views which I Hdve taken of the for
mation- of elaftic aériform fluids or gafes,
" throw great light upon the original formatjori
of the atmofpheres of the planets, and particu-
larly of that of our earth. We réadily ‘con-
ceive that it muft neceffarily confift of a mix:
ture of the following fubftances : Of all bodies
that are fufceptible of evaporation, or,  more
ftrickly fpeaking,  which are tapable of rétain-
ing the fate of akriform’ elafticity in the tem-
_perature of our atmofphete, and under a prcﬁ‘uré

-+ equal to that of a column of twenty-eight inches

of quickfilver in the barometer ; and, of all fub-
ftances, whether liquid or folid, which are ca-
pable of being diffolved in this mixture of diffe-
rent gafes.

To fix our ideas more clcarly refpe&mg this
fubje&, which has not been hitherto fufficient-
ly confidered, let us, for a moment, conceive

what change would take place in the various
fubftances
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fubftances which compofe our earth, if its tenm-

peratare were fuddenly altered. If, for inftance,

we were fuddenlytranfported to the region of
the planet Mercury, where probably the com-
mon temperature is much fuperior to that of
boiling water ; the water of our world, ard all

the other fluids which are fufceptible of the ga-

feous ftate, at a tempetature near to that of
boiling water, even quickfilver itfelf, would be-
come rarefied ; and all thefe fubftances, being
changed into permanently aériform fluids or ga-
fes, would become part of the new atmofphere.
Thefe new fpecies of airs or gafes would mix
with thofe already exifting, and certain recipro-
cal decompofitions and new combinations would
take place, until fuch time as all the ele@ive at-
traions or affinities’ fubfifting among all thefe
new and old gafeous fubftances had operated
fully ; after which, the elementary principles
compoﬁng thefe gafes, being faturated would
" remain at reft. -
We muft attend to this, however, that, even
in the above hypothetical fituation, certain
bounds would occur to the evaporation of thefe
fubftances, produced by means of that very
evaporation itfelf: For as, in proportion to the
increafe of elaftic fluids, the preflure of the at-
mofphere would be augmented ; as évery de-.

gree of preflure tends, in fome meafure, to pre-
. vent evaporation ; and as even the moft eva-

porable
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éxtremely probable that air is a fluid naturally
exifting in a ftate of vapour ; or, as we may bet,
ter exprefs it, that our atmofphere is a compound
"of all the fluids which are fufceptible of the
vaporous or permanently " elaftic ftate, in the
ufudl temperature, and under the common pref- .
fure : That.it is not impoffible we may difco-
ver, in our atmofphere, certain {ubftances natu-
rally very compa&, even metals themfelves ; as
a metallic fubftance, for inftance, only a little
more volatile than mercury, might exift in that
fituation.

Among the fluids with which we are ac-
quainted, fome, as water and alcohol, are fuf-
ceptible of mixing with each other in all pro.
portions ; .whereas others, as quickfilver, water,
and oil, can only form a momentary union, and,
after bemg mixed together, feparate. and ar-
range themfelves according to their fpecific gra-
vities: The. fame ought to, -or, at leaft may, .
take place in the atmofphere. It is poffible, and
even extremely probable, that, both at the
firft creation, and every day, gafes are formed,
which are difficultly mifcible with atmofpheric
air, and are continually feparating from it." If
thefe gafes be fpecifically lighter than the gene-'
ral atmofphenc mafs, they muft, of courfe, gather
in the higher regions, and form ftrata that float
upon the common air, The phenomena whuch,~

acgompany

Culan
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accompany igneous meteors induce me to bes
lieve that there exifts, in the upper parts of our
atmofphere, a ftratum of inflammable fluid, in
conta& with thofe ftrata of air in which the phe-
nomena of the aurora borealis and other fiery ap-
pearances are producéd.—I mean. hereafter to
purfue this fubjet in a feparate treatife,
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CHAPR 1,

dAnalifis of Aemofpheric dir, and its Divifion.intg

two Ejaftic Fluids ; the one fit for Refpieation ;
the other incapable of being refpired, ‘

FROM what has been premifed, it appears,
that our atmofphere is compofed of a mix-
ture of gvery fubftance capable of retaining the

gafeous or aériform ftate in the commmon tempe-

-ratures, and under the ufual degrees of preflure
which it expenences. Thefe fluids conftitute a
mafs, in’ fome meafure homogeneous, extending
from the furface of the earth to the greateft
height hitherto attained, of which the denfity
continually decreafes in the inverfe ratio of the

fuperincumbent weight. But, as I have before

obferved, it is poffible that this firft firatum may
be furmounted by {everal others confifting of
different fluids. ‘

~ Our bufinefs, in this place, is to endeavour
~ to determine, by experiments, the nature of
the elaftic fluids which compofe the inferior ftra-
tum of air which we inhabit. Modern chemif-

try has made great advances in this refearch;

and it will appear, by the following details, that
the analyfis of atmofphencal air has been ‘more
- sigoroufly
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rigoroufly determined than that of any other '
fubftance of the clafs..

Chemiftry affords two general methods of de-
termining the conftituent principles of bodies,
the method of analyfis, and that of f{ynthefis. .
When, for. inftance, by combining water with
aIcohol we form the {pecies of liquor called, in
commercial language, -brandy, or {pirit of wine,
we certainly have ‘a right to conclude, that
brandy, or {pirit of wine, is compofed of alcohol
combined with water. We can procure the
fame refult, by the analytlcal method ; -and in
general it ought to be confidered as a principle
in chemical {cience, never to reft fatisfied with-~
aut both thefe {pecies of proofs. We have this
advantage in the analyfis of atmofpherical. air ; -
being able both to decompound it, and to form
it anew in the moft fatisfactory manner. 1 fhail,
however, at prefeént confine myfelf to recount. -
fuch experiments as are moft conclufive upon

‘this head ; and I may confider moft of thefe as
my own, having either firft invented them, or
having repeated thofe of others, intended for
analyzing atmofpherlcal air, m perfeétly new
points of view.

I took a matrafs of about 36 cublcal inches,
capacnty, having a long neck of fix or feven lines
internal diameter, and having bent the neck, as,
in Plate IV. Fig, 2. BC D E, to allow of its be-

Vor. L. F ing

o
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ing placed in the furnace M MN N, in‘fuch a
manner that the extremity of its neck E might
be infertéed under a belt-glafs F G, placed in a
trough of quickfllver RR S S ; I introdiiced four
ounces of pure mercury mto the matrafs, and,
by means of a fyphon, exhaufted the air in the re-
ceiver F G, fo as'to raifé the quickfilver to L L,
and I carefally marked: the height at’ which it’
ftood, by pafting on 2 flip of paper. Having ac-
curately moted the height of -the thermometer
and barometer, I lighted a’fire in the furnace
M MN N, which I kept up almoft contx_nually
during twelve days, {o as to keep the quickfilver
~always very near its boiling point. - Nothing re-
markable took placc during the firft day : The
mercury, though ndt boiling; was continually
- évaporating, and covered the interior furface of
the veffel with fmall drops, which gradually aug-
menting to a fufficient fize, fell back into the
thafs at the bottom of the veffel. On the fecond
day, fmall red particles began to appear on the
furface of the-mercury™; thefe, during the four or~
five follmeg days, gradually increafed in fize
and number, after which they ceafed to increafe
in either refpect. At the end of twelve days, fee-
ihg that the calcination of the mercury did not
atall mcreafe, I extinguifhed the fire, and allow-
ed the veffels to-cool. The bulk of air in the

Body and neck of the matrafs, and in the bell-
. gla’fs,
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glafs, reduced to a medium of 28 inches of the
barometer and 54.5° of the thermometer, at the
commencement of the experiment was about 50
cubical inches. At the end of the experiment
the remaining air, reduced to the fame medium
preffure and temperature, was only begween 42
and /43 ‘cubical inehes ; confequently it had lofé.
about 3 of its bulk. Afterwards,. having cole
leGted all the red particles, formed during the
experiment, from the running mercury in, which
they floated, found thefe - to amount to 45
grains.

I was obhged to repeat this expenrqem feve-
ral times, as it is difficult, in ome experiment,
both to preferve the whole air upon which we

operate, and tg colle& the whole of the red par-

ticles, or calx of mercury, which is formed du-
ring -the calcination. -Ft will often happerr in
the fequel, that I fhall, in this manner, give in
ene detail the refults of two or three experi-
ments of the fame nature.

The air which remained after the calcmatlon
of the mercury in this experiment, and wirich
was.reduced to § of its former bulk, was no
longer fit either for refpiration.or for combuf-
tion : animals being introduced into it were fuf-
focated in a few feconds, and when a taper was
plonged inte it, it was extinguifhed, as if it had,
been mmerfcd in water. ,

© Fa .. . Y
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- . In the next place, I took the 45 grains of reéd
matter formed during this experiment, which I
put into a fmall glafs retort, having a proper

apparatus for receiving fuch liquid or gafeous

product, as might be extracted : Having applied
a fire to the retort in the furnace, I gbferved
that, in proportion as the red matter became
heated, the intenfity of its colour -augmented.
When the retort was.almoft red hot, the red
matter began gradually to.decreafe in bulk, and

in a few minutes after it difappeared altogether ;.

at the fame time 41 grains of running mercury

were colle@ted in the recipient, and 7 or 8 cu-

bicdl inches of elaftic fluid, greatly more capa-

ble of - fupporting both refpiration and combuf-

tion than atmofphemcal air, were. collected. in
the bell-glafs.

A part of this-air being put into a glafs-tube,
of about an-inch diameter, {hewed the following
properties : A -taper burned in it with a daz-
zling fplendour; and charcoal, inftead of con-
fuming quietly, as it does in common air, burnt

with a flame, attended with a decrepitating noife,

like phofphorus, and threw ‘out fuch a bril-
liant light that the eyes could hardly endure it.
This fpecies of air was difcovered almoft at the
fame time-by Dr Prieftley;, Mr Scheele, anc
myfelf. Dr Prieftley gave it the name of de-
phlogifticated air ; Mr Scheele called it empyreal
air ; at firft I named it bngly refpirable air, to

‘which
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which has fince been fubftituted the term of
vital air. We fhall prefently fee what we ought
to think of thefe denominations.

In refleting upon the circamftances of this
experiment, we readily perceive ; that the mer-’
cury, during its calcination, abtorbs the falu-
brious and refpirable part of the air, or, to {peak
more ftrictly, the bafe of this refpirable part;
that the remaining air is a fpecies of mephitis,

incapable of fupporting combuftion or refpira-
~ tion ; and, confequently, that atmofpheric air is
compofed of two elaftic fluids of different and
oppofite qualities. As a proof of this important

truth, if we recombine thefe two elaftic fluids,
 which we have feparately obtained in the above
experiment, viz. the 42 cubical inches of mephi-
tis, with the 8 cubical inches of highly refpirable
air, we reproduce an air precifely fimilar to that
of the atmofphere, and poffefling nearly the {ame
power of fupporting combuftion and refpiration,
and of contributing to the calcination of metals.

Although this experiment furnithes us with
a very fimple means of obtaining the two prin-
cipal elaftic fluids which compofe our atmo-
{phere, feparate from each other, yet it does not
give us an exad idea of the proportion in which
thefe two enter into its compofition: For the
attraion of mercury to its refpirable part of
the air, or rather to its bale, is not {ufficiently
frong to overcome all the circumftances which

F3 ' oppofe
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oppofe thisunion. Thefe obftacles are the mu-
tual adhefion of the two conftituent parts of
the atmofphere for each other, and the ele&tive
. attra@ion which unites the bafe of vital air with
caloric ; in eonfequence of thefe, when the cal-
¢ination ends, or is at leaft carried as far as'is
poflible in a determinate quantity of atmofphe-
ric ajr, there ftill remains a portion of refpirable
air united to the mephitis, which the mercury.
cannot feparate. 1 fhall afterwards (hew, that,
at leaft in our climate, the atmofpheric air is
compofed of refpirable and mephitic airs, in
the proportion of 27 and 73 ; and I fhall then
difcufs the caufes of th® uncertainty which fill
exifts with refpe& to the exatnefs of that pre-
portion. - :

Since, during the calcination of mercury, air
is decompofed, and the bafe of its refpirable
part is fixed and combined- with the mercury,
- it follows, from the principles already eftablith-
ed, that caloric and light .muft be difengaged
during the procefs. But the two following
caufes prevent us from being fenfible of this
taking place : As the calcination lafts during fe-
veral days, the difengagement of caloric and
light, fpread out in a confiderable fpace of time, °
becomes extremely fmall for each particular
moment of the time, fo as not to be percep-
tible ; and, the operation being carried on by
means of fire in a furnace, the heat produced

. by.
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by the calcination itfelf becomes confounded

with that proceeding . from the furnace. I

might add, that the refpirable part of the air, or
rather its bafe, in entering info combination
with the mercury, does not part with all the

caloric which it contained, but ftill retains a -

part of it in the new compound : but the dif-
cuffion of this point, and its proofs from ex-
perimient, do not belong to this part of our fub-
jedt,

It is, however, ealy to render this difengage-
ment of caloric and light evident to the fenfes,

by caufing the decompofition of air to- take

place in a more rapid manner; and for this pur-
pofe, .iron is excellently adapted, as it poflefles
a much ftronger affinity for the bafe. of refpira-
ble air than mercury. The following elegant
experiment of Mr Ingenhouz, upon the com-
buftion of iron, is well known. Tauke a piece of
fine iron wire, twifted into a fpiral, BC, Plate
IV. Fig. 17.; fix one of its extremities B into
the cork A, adapted to the neck of the bottle
DEFG, and fix to the other €xtremity of the
wire C,-a {mall morfel of tinder. Matters be-
ing thus preparéd, fill the bottle DEFG with
air deprived of its mephitic part; then light
the tinder, and introduce it quickly, with the

wire ‘upon which it is fixed, into the bottle,

. which you ftap. up with the cork A, as is {hown
in the figure 17, Plate IV. The inflant the
' Fgq lighted
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~ lighted tinder comes into conta® with the vi-
tal air, it begins 'to burn with great intenfity ;
and, communicating the inflammation to the
iron-wire, it likewife takes fire and burns rapidly,
throwing out brilliant fparks ; thefe fall to the’
bottom of the veffel in rounded globyles, which
become black in cooling, but retain a degree
of metallic fplendour. The iron thus burnt is
more brittle even than glafs, is eafily reduced -
into powder, and is fill attrattable by the mag-
_ net, though not fo powerfully as it was before
combuftion. As Mr Ingenhouz has neither ex-
amined the change produced on the iron, nor
upon the air by this operation, 1 have repeated
'the experiment under different circumitzaces,
in an apparatus adapted to anfwer my particu-
lar views, as follows : . _ :
Having filled a bell-glafs A, Plate IV. Fig. 3.
of about fix pints meafure, with pure air, or the
highly refpirable part of air, I tranfported this
jar, by means of a very flat veflel, into a quick-
filver bath in the bafon BC, taking care to ren-
der the furface of the mercury perfeétly dry, both
_ within and without the jar, with blotting paper.
I then' provided a {mall cup of China-ware D,
~ very flat and-open, in which I placed fome fmall
pieces of iron, turned fpirally, and .arranged in
fuch a way as feemed moft favourable for the
combuftion being communicated to every part. .
To the end of one of thefe pieces of iron was
‘ ' ' fixed



OF CHEMISTRY. 89

fixed a {mall morfel of tinder, to which was
added about the fixteenth part of a grain of
phofphorus ; and, by raifing the bell-glafs a lit.
tle, the china cup, with its contents, were intro-
duced into the pure air. I know that, by this
means, fome common' air muft mix with the
pure air in the glafs; but this, when it is done
dexteroufly, is fo very trifling, as not to injure
the faccefs of the experiment. This being done,
a part of the air was fucked out from the bell-
glafs, by means of a {fyphon GHI, fo as to raife
the mercury within the glafs to EF ; and, to
prevent the mercury from getting into the f{y-
phon, a {mall piece of paper was twifted round
its extremity. In fucking out the air, if the
motion of the lungs only be ufed, we cannot
make the mercury rife above an inch or an inch
and a half; but, by properly ufing the mufcles,
of the mouth, we can, without difficulty, caufe
it to rife fix or feven inches,

I next took an iron.wire, MN, Plate IV,
Fig. 16. properly bent for the purpofe, and ma-
king it red-hot in the fire, paffed ‘it through the
mercury into the receiver, and brought it in
conta& with the fmall piece of phofphorus ate
‘tached to the tipder. - The phofphorus inftant-
ly took fire, which- comm :nicated to the tin.
der, and from that to the iron. When the
pieces have been properly arranged, the whole
iron burns, even to the laft particle, throwing

: out
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out a white bmllxant light fimilar to that of Ghi-
nefe fireworks. The great heat produced by this
combuftion melts the iron into round globules
of different fizes, moft of which fall into the
China cup ;. but fome are thrown out of it, and
fwim on the furface of the mercury. At the-
beginning of the combuftion, there is a flight
angmentation in.the volume of :the air in-the
bell-glafs, from the dilatation canfed by the
heat ; but, prefently afterwards, a-rapid dimi-
nution of the air takes place, -and- the mercury
rifes in the glafs, infomuch that, when the quan-
tity of iron is fufficient, and the air operated
upon is very pure, almoft the whole air employ-
ed is abforbed,

It is proper to remark in thxs place, that, un-
lefs in making experiments for the purpofe of
difcovery, it is better to be contented with burn-
ing a2 moderate quantity of iron; for, when
this experiment \s pufhed too far, fo as to ab-
forb much of the air, the cup D, which floats
upon the quickfilver, approaches too near.the
bottom of the bell-glafs ; and the great heat
produced, which is followed by a.very {fuddeny
eooling, . occafioned by the conta& of the cold
mercury, is apt to break the glafs: In which
cafeé, the fudden fall of the column of mercury,
which happens the moment- the leaft flaw is
produced in the glafs, caufes fuch a wave, as
;hrows a great part of the quickfilver from the
; - Dafon,
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bafon. To avoid this inconvenience, and to en«
fure fuccefs to the experiment, one dram and a
half of iron is fufficient to burn in a bell-glafs,
which holds about eight pints of air. The glafs
ought likewife to be ftrong, that it may be able
to bear the weight of the column. of mercury
which it has to fupport. ’
By this experiment, it is not poffible to de-
termine, at one time, both the additional weight
acquired by the iron and the changes which.
have taken place in the air. If itis wifhed to afs
certain what additional weight has been gained
by the iron, and the proportion between that
and the air abforbed, we muft carefully mark
upon the bell-glafs, with a diamond, the height
of the mercury, both before and after the ex-

‘periment.  After this, the {yphon, GH, PL IV,

Fig. 3. guarded, as before, with a bit of paper,
to prevent its filling with mercury, is:to be in-
troduced under the bell-glafs, having the thumb
placed upon the extremity, G, of the fyphon, to-
regulate the paflage of the air; and by this -
means the air is gradually admitted, {o"as to let
the mercury fall to its level. - This being done,
the bell-glafs is. to be carefully removed; the-
globules of melted iron contained in the cup,
and thofe which have been fcattered about,and.
fwim upon the mercury, are to be accurately.
colle@ted, and the whole is to be weighed. "The
iron will be found in that ftate called rartinl
o ' etbiops
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ethiops by the old chemifts, pofleffing a degree of

. metallic brilliancy, very friable, and readily re-

duced into powder, under the hammer, or with
a peftle and mortar. If the experiment has fuc- -
ceeded well, from 100 grains of iron will be ob-
tained 135 or.136 grains of ethiops, which is an
augmentation of 35 per cent.

If all-the attention has been paid to this ex- -
periment which it deferves, the air will be found
diminifhed in weight, exactly equal to what the
iron has gained. Having therefore burnt 100

- grains of iron, which has acquired an addition-

al weight of 35 grains; the diminution of air
will be found exadly. 70 cubical inches; and
it will be fhewn, in the fequel, that the weight
of vital air is very near half a:grain for each

_cubical inch ; fo that, in effe®, the augmenta-

tion of weight in the one exattly coincides with
the lofs of it in the other. l

I fhall obferve here, once for all, that, in eve-
ry experiment of this kind, the preffure and
temperature of the air, both before and after
the experiment, muft be reduced by calcula-
tion, to a common flandard.of 54°. of the ther-
mometer, and 28 inches of the barometer. - To-

“wards the end of this work, the manner of per-

forming this very. peceflary. reduction will be
found accurately detailed.

- -If it be required to éxamine the nature of the’
air whnch remains. after this experiment, we
S muft
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muft operate in a fomewhat different manner.
After the combuftion is finithed, and the veflels
have cooled, we firft take out the cup, and the
burnt iron, by introducing the hand through the
quickfilver, under the bell-glafs.; we nextintro-
duce fome folution of potafh, or cauftic alkali, or
~ of the fulphuret of potath, or fuch other fubftan-
ces as are judged proper for examining their ac-
tion upon the refiduum ‘of air. I fhall, in_the
fequel, give an account of thefe methods of ana-
lyzing air, when I have explained the pature of
thefe different fubftdnces, which are only here in
a manner incidently mentioned. -, After this ex-
amination, fo much water muft be let into the
glafs as will difplace the quickfilver, and then,
by means of a thallow difh placed below the bell-
glafs, it is to be removed into the common water
pneumato—chemxcal apparatus ¥, ‘where the air
remaining may be -examined at large, and with
great facility.

When very foft and very pure iron has.been
employed in this experiment, and, when the
combuftion has been performed in the pureﬁ re-
fpirable or vital air, free from admixture of the
noxious or mephitic part, the air which remains

after

* For a particular defcription of this apparatus, and
the manner of ufing it, and of many other proceffes, with
the inftruments fitted for carrying them on, fee the third
patt of this work,——T. -

~
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‘after the combuftion will be found as pure as it
was before : But it is'difficult to find iron en-
‘tirely free from a fmall portion of charry mat-
“ter, which is chiefly abundant in fteél and it
is likewife exceedingly difficult to procure pure
air perfe@tly free from fome admixture of me-
phitis, with which it is almoft - always conta-

minated : Thatpecies of noxious air does not,

in the fmalleft degree, difturb the refult of the
“experiment, as it is always found at the end
‘exactly in the fame quantity as at the begin-
‘ning.- : .

I mentxoned before, that we ‘have two ways
of deterxmnmg the conftituent parts of atmo-

‘fpheric air, the method of analyfis, and that by

fynthefis. The calcination of mercury has fur-

nifthed us with an example of each of thefe me-

“thods, fince, f.after -having deprived it of the re-
{pirable part, by means of ‘the mercury, we

“ have reftored it again, fo as to recompofe an air

precnfely ‘fimilaf 'to that of the atmofphere.
But ‘we ‘can equally accomplith this- fynthetic
compofitionof atmofpheric air, by borrowing the

materials of which it is formed from different
kingdoms of nature. We tfhall fee hereafter -
that, when animal fubftances are diffolved in the

nitric acid, a great quantity of gas is difengaged,

which extinguifhes light, and is unfit for ani-
mal refpiration, being exaltly fimilar to the
noxious or mephitic part of atmolpheric air.
And,

s
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-Angd, if we take 73 parts, by weight, of this
elaftic luid, and mix it with 27 parts of highly

+ refpirable air, procured from cal¢ined mercury,
we fhall form ah elaftic fluid- preczfely fimila
to atmofpherie air in all its properties,

There are many other methods of feparating

" the refpirable from the noxious part of the at<
mofpheric air, which cannot be taken notice of"
in this place, without anticipating information,
which properly belongs to the fubfequent chap--

_ters. The experiments already adduced may
fuffice for an elementary treatife ; and, in mat.
ters of this nature, the choice of our evidences
is of far greater confequence than their num-
ber. o

I fhall clofe this article, by pointing out the
property pofleffed by atmofpheric air, and all
the known gafes, of diffolving water ;. which
circumftance it is of great confequence to attend

* to,in all experiments of this nature. Mr Sauf-

_ fure found, by experiment, that a cubical foot -
of atmofpheric air is capable of holding 12 grains
of water in folution #. Other gafes, as the car- -
bonic acid, appear capable of diffolving a great-
er quantity ; but experiments are ftill wanting

: by

* It is evident that the quantity of water held in folu- -
tion by determinate quantities of the different gafes,

muft vary according to the degrees of temperature and
preflure,—~—T,
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by which to determine their feyegal propors
tions. This water, held in, folution by gafes,
gives rife to particular ph.ehomet}a',’w‘hich ‘re-
quire great attention, in many. c;iperi);ni:nt% and
which has frequently proved the fource of great
errors to chemifts in determining the refults of
their experiments. : .
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CHAP. 1V.

Nomenclature of the feveral Conflituent Parts of.
' Atmofpheric Air.

ITHERTO I have beeri obliged to make

ufe of circumlocution, to exprefs the na-

ture of the feveral fubftances which conftitute
our atmofphere, having provifionally ufed the
terms of refpirable, and noxious, or non-refpi-
rable, parts of the air. But the inveftigations I
mean to undertake, require a more dire& mode of
expreflion ; and, having now endeavoured to
give fimple and diftin& ideas of the different
fubftances which enter into the compofition of
the atmofphere, I fhall henceforth exprefs thefe -
ideas by words equally fimple. _
The temperature of our earth being very
near to that at which water becomes folid, and
at which reciprocally it changes from folid. to.
fluid ; and as this phenomenon takes place fre-
quently under our obfervation, it has very na-
turally followed, that, in the languages of at
leat every climate fubje to any degree of win-
ter, a term has been ufed for fignifying water in
the ftate of folidity, or when deprived of its ca-
Yor, L .G loric.
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loric. The fame precifion has not been found
neceflary with refpe@ to water reduced to the
ftate of vapourby an additional quantity of calo-
ric. Thofe perfons who do not make a particu-
lar ftudy of objecks of this kind, are ftill ignorant
that water, when in a temperature only a little
above the boiling heat, is changed into an elaftic
-aériform fluid, fufceptible, like all other gafes,
of being received and contained in veflels, and of
preferving its gafeous form fo long as it remains
at the temperature of 212°, and under a prel-
fure not exceeding 28 inches of the mercurial
barometer. As this phenomenon has not been
very generally obferved, no language has ufed
a particular term for exprefling water in this
ftate *; and the fame thing occurs with all fluids,
and all fubftances, which do not evaporate in
the common temperature, and under the ufual
preflure of our atmofphere.

* For fimilar reafons, names have not been given
to the liquid or concrete ftates of moft of the
aériform fluids: Thele were not known to arife
from the combination of caloric with - certain
bafes ; and, as they had not been feen either in
the liquid or folid ftates, their exiftence, under
thefe forms, was even unknown to natural phl-

lofophers.
We

* In Englifh, the word fleam is exclufively appropna— '
ted to water in the ftate of vapour—T. /
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We have not pretended to make any altera-
tion upon fuch terms as are fan&ified by ancient
cuftom ; and, therefore, continue to ufe the words
water and ice in their common acceptation. We
likewife retain the word air, to exprefs that col-
le&tion of elaftic fluids which compofes our at-
mofphere : But we have not thought it necef-’
fary to prelerve the fame refpe for modern
terms, adopted by the later philofophers, having
confidered ourfelves as at liberty to reject {uch
as appeared liable to give erroneous ideas of the
fubftances they are meant to exprefs, and either
to fubftitute new terms, or to employ the old
ones, after having modified them in fuch a man-
ner as to convey more determinate ideas. New’
words, when neceffary, have been borrowed
chiefly from the Greek language, in fuch a man-
ner as to make their etymology convey fome idea
of what was meant to be reprefented by them ;
and we have always endeavoured to make thefe
fhort, and of fuch a form as to admit of being
changed into adjetives and verbs. ’

Following thefe principles, we have, after
the example of Mr Macquer, retained the term
gas, employed by Vanhelmont ; having -arran-
ged the numerous clafs of elaftic aériform fluids
under that name, excepting only atmofpheric
air. Gas, therefore, in our nomenclature, be-
comes a’generic term, exprefling the fulleft de-
gree of faturation in any body with caloric ; be-

G2 ing,
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ing, in fad, a term expreflive of a mode of exa
iftence. . To diftiriguith the {pecies of gas, we
employ a fecond term derived from the name
of the bafe, which, faturated with caloric, formg
each particular gas, Thus, we name water com-
bined to faturation with caloric, fo as to form an
elaftic fluid, aqueous gas; ether combined in
the fame manner, ethereal gas; the combination
of alcohol with caloric, becomes alcoholic gas ;-
and, following the fame principles, we have mu-
riatic acid gas, ammoniacal gas, and fo on of eve-
ry fubftance fufceptible of being combined with
caloric, in fuch a manner as to aflume the ga-
feous or elaftic aériform ftate.

We have already feen, that the atmofpheric
fluid, or common air, is compofed of two gafes,
or aériform fluids ; one of which is capable, by
refpiration, of contributing to fupport animal
life; and in it metals are calcinable, and com-
buftible -bodies may burn: The other, on the
contrary, is endowed with direétly oppofite qua-~
lities ; it cannot be breathed * by animals, nei-
ther will it admit of the combuftion of inflam-
mable bodies, nor of the calcination of - metals.
We have given to the bafe of the former, which
is the refpirable portion of atmofpheric air, the

S~ name

* Jtmay indeed be infpired into the lungs of animals,
but is then fure to produce inftant death.—T.

«
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- name of oxygen, from égve acidum, and yewouas
gignor, becaufle one of the moft general proper-
ties of this bafe i3 to form acids, by combining
with many different fubftances. The union of"
this bafe with caloric, which is the fame with
what was formerly named pure, or vital, or high-
ly refpirable air, we now call oxygen gas. The
weight of this gas, at the temperature of 54.50°,
and under a preflure equal to 28 inches of the
barometer, is half a grain for each cubical inch
nearly, or one ounce and a half to each cubical
foot.’

The chemical properties of the noxious por-
tion of atmofpheric air being hitherto but little
known, we have been fatisfied to derive the name
of its bafe from its known quality of killing
fuch animals as are forced to breathe it, givieg
it the name of azot, from the Greek privative
particle & and fws, vita.; hence the name of
the noxious part of the atmofpheric air is azotic
gas. The weight of this, in the fame tempera-
ture, and under the fame preflure, is 1 02. 2
drams and 48 grs. to the cubical foot, or 0.4444
of & grain ta the cabical inch. We cannot
deny, that this name appears fomewhat extra-
ordinary ; but this muft be the cafe with all
new terms, which cannot be expelted to be-
come familiar until they have been fome time
in ufe. We long endeavoured to find a more
proper defignation without fuccefs: It was at

Gj3 firft
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firft propofed to call it alkaligen gas, as, from-
the experiments of Mr Berthollet, it appears to

enter into the compofition of ammoniac, or vo-

latile alkali; but then, we have as yet no proof
of its making one of the conftituent elements of
the other alkalies; befides, it is proved to form

a part of the nitric acid, which gives as good

reafon to have it called nitrigen. For thefe rea-

fons, finding it neceffary to reje@ any name up-

on {yftematic principles, we have confidered that

we run no rifk of miftake, in adopting the terms

of azot, and azotic gas, which only exprefs a

matter of fa&, or that property which it pof-
fefles, of depriving fuch animals as breathe it of
their lives. ' :

1 thould anticipate fubjects more properly re-
fexved for the fubfequent chapters, were I in
this place to enter upon the nomenclature of the
feveral {pecies of gafes: It is fufficient, in this
part of the work, to eftablith the principles up-

" on which their denominations are founded. The
principal merit of the nomenclature we have
adopted is, that, when once the fimple elemen-
tary fubftance is diftinguifhed by an appropriate
term, the names of all its compounds derive rea-
dily, and neceflarily, from this firft denomina-
tion. :

.CHAP.
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Cr H A Pr V.
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Of the Décoﬂtpr)ﬁtzon vj‘ Ox_ygen Gas’ by Sulpbur

Pbofpboraw, and Carbon ;—and of the Forma-

tion of Aczd: in general

TSN

W !
’

IN performu\g expcrlments it'is a ‘neceffary
prmczple ‘which ought never to be deviated
from, that they be’ ﬁmphﬁed as much as pof-
fible, and that every circumftance capable of
rendermg their refults’ comphcated be carefully
removed. Wherefore in thq experlments which
form the obje&t of thrs chapter, I have never '
employed atmofpherlc air, which is not a ﬁmple
fubftance. It is'true, that the azotic gas, which
forms a part of its mixture, appears to ‘be mere-
Iy paflive during combu{‘uon and calcmatlon 5,
but, befides that it retards thefe operatlons very
conﬁderably, we are not certain but it may even
alter their refults " in fome’ circnmftances’; for
which rcafon, I have thought it neceffary to re-
move even this poﬂible caufe of doubt, by ma-
kmg ufe ‘only of pure oxygen gas in the fol-
lowing experiments, which fhew the cﬁ‘e&s pro-
duccd by combuﬁlon in that gas. I fhall ad:
fults of thefe, when the oxygen gas, or pure

G 3 vital
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vital air, is mixed, in different proportions, with
azotic gas.

Having filled a bell—glafs A, PL IV. fig. 3. of
between five and fix pints, meafure, with oxy-
gen gas, I removed it from the water-trough,
where it.was filled, igto the:.quickfilver bath,
by means of a fhallow glafs dith flipped under-

neath, and having dried the mercury, Lintrodu-

ced 613 grains of Kunkel’s phofphorus in two
little China cups, like that reprefented.- at D,
fig. 3., under the glafs A. < That'I inight fet fire

to each of the portions of phofphorus feparately,.

and to prevent the one from catching fire from
the other, one of the difhes was covered with'a
flat plCCC of glafs. - I next raifed the’ quxck-
filver in’ the bell- glaﬂs up to EF, by fucking
out a. I'ul!ﬁctcnt pomon “of gas. through the’ fy-
phon ‘GHI." After this, by means of theé crook-
" ed u'on wn.'e, fig. 16. made red hot, I fet fire
to the two portions of phofphorous fu.ccefﬁvely,
* firft burmng that portlon which was not cover-
ed by the piece of glafs. The combuftion was
extremely rapid, being attended by a very bril-
liant flame, and a confiderable difengagement of
light and heat. In confequence of the great
heat induced, the gas was at firft much dilated,
but foon after the mercury returned to ifs level,
and a confiderable abforption or diminution of
gas took place ; at the fame time, the whole in-
' - fidg

v
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fide of the glafs.became.covered with light white
flakes of coneréts phofphoric acid.

At the heginning of the experiment, the
quantity of oxygen gas, reduced, .45 before di-
rected, to a common ftandard, ¢f thermometrical
temperature: anf} barometrical preffure, amojint-
ed t0.162 cubical-inches ; and, after the com-
buftion was fini(hed, only 233 cubical inches,
likewife reduced to the flandard, remained; fo
thar the. qudntity of oxygen gas abforbed during
the combuftion was 138% cubncal inches, equa.l
10 69.375 graine.

A part of the phofphorus remamcd ‘uitcoti-
ﬁumed in the bottom of the cups, which, being
wafhed on purpofe to feparate the acid, weigh-
ed-about 16 grains 3 fo that about 45 grains of
phofpborns had been confumed: But, as it is
hardly poffible to avoid an error of. one or two
grains, I leave the number fo far qualified.
Hence, as nearly 45 grains of phofphorus had,

in this experiment, united with 69.375 grains’

of oxygen, and as -no gravitating matter could
have efcaped through the glafs, we have a right
to conclude, that the weight of the fubftance re-
fulting from the combuftion in ferm of white
flakes, muft equal that of the phofphorus and
oxygen employed, which amounts to 114.375
grains. And we fhall prefently find, that thefe
flakes confifted entirely of a folid or concrete
acid. When we reduce tijefe weights to hun-

dredth
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dredth parts, it will be found that 100 ‘parts.of
phofphorus require 154 parts of oxygen for!fa-
turation, and that this combinatiori will (produce
254 parts of concrete phofphoric arid, m fovm
of white fleecy flakes, .. .- nnocaol Dol
This experiment proves, in- the: moft dofivin-
cing manner, that, at a certain degree of tempe-
rature, oxygen- pofleffes a fironger eleQive at-
tradtion, or affinity, for phofphdrus than.for - ca-
‘loric ; and that, in confequence of this; the'phol-
phorus attracts the bafe of oxygen ‘gas from the
caloric, which, being fet free, {preads itfelf over
the furrounding bodies. But, ‘though: this ex-
periment be fo far perfe@ly conclufive, it is hot
fufficiently rigorous'; for, in the apparatus de-
fcribed above, it is’ impoflible to-alcertain the
weight of the flakes of concrete acid which are
formed ; we can therefore only determine this
by calculating the weights of oxyyren and phof-
phorus employed ; But as, in phyfics, and -in
“chemiftry, it is not allowable to fuppofe what is
capable of being afcertained by dire@t experi-
ment, I thought it neceflary to repeat this expe-
riment, as follows, upon a larger fcale, and by
means of a different apparatus. - .
I took a large glafs balloon A, PL IV, fig. 4.
with an opening of three inches diameter,.to
which was fitted a cryftal ftopper ground with
emery, and pierced with two holes for the tubes
yyy, xxx. Before fhaitting the balloon with its
ftopper,
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ftopper, I introdueed the fupport BC, furmount-
ed by the China cup D, containing 150 gzs. of -
phofphorus ; the ftopper was then fitted to the
opening of the balloon, luted with fat lute, and:
covered with flips of linen {pread with quicklimie
and white of eggs. When the lute was perfecta
ly dry, the weight-of the whole apparatus’ was
determined to within a grain, or a grain and-a
half. I next exhaufted the balloon, by means
of an air-pump applied to the tubg xxx, and
then introduced oxygen:gas by means of the
tube yyy, which has a ftop-cock adapted to it.
This kind of experiment is moft readily -and
moft exa&tly performed by means of the hydro-
‘pneumatic machine defcribed by Mr Meufnier
and myfelf in the Memoirs of the Academy for
1782, p. 406; and explained in the latter: part
of this work, with feveral important additions
and corrections fince imade to it by Mr Meuf-
nier. With this inftrument, we: can readily af-
certain, in the moft exa@ mannner, both the
quantity of oxygen gas introduced into the bal-
loon, and the quantity confumed during the
courfe of the experiment. ‘
When all things were properly difpofed, I fet
fire to the phafphorus with. a burning glafs :
The combuftion was extremely rapid, accompa-
nied with a bright flame, and much heat:. As
the operation went one, large guantities of white
- flakes gradually attached themfelves to the in-
- ner
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ner {ucface of the balloon, until at laft it was
rendered quite opake. The quantity of thefe
flakes  at the. end became fo abundant, that,
though fréfh oxyen gas was continually fup-
plied, which ought to have fupported the com-
‘buftion, the phofphorus- became extinguifhed.
Having allowed the .apparatus to cool complete-
ly, I firft afcertained the quantity of oxygen gas
employed, and weighed the balloon accurately,
before it was opened.. I next wafthed, dried,
and weighed the {mall quantity of phofphorus
remaining in the cup, on. purpofe to determine
the:whole quantity of phofphorus confumed in
the experiment ; this refiduum of the phofpho-
russwas of a yellow ochrey colour. It is-evi-
dent, that by thefe .feveral precautions, I could
eafily determine :the weight of the phofphorus
confumed ; the weight of the flakes produced
by the combuftion; and the weight of the
oxygen which had combired with the phofpho-
rus. e
This experiment gave very nearly the fame
refults with the former, as it proved, that the
phofphorus, during its combuftion, had abforbed
a little more than one and a half its weight of
oxygen; and I'learned with more certainty,
that the weight of the new fubftance, produced
in the experiment, exactly equalled the fum
of the weights dof the phofphorus confumed,
and oxygen abforbed, which indeed "was eafily
’ - determinable
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determinable & priari. If the oxygen gas.em-
ployed be pure, the refiduum after combuftion
is as pure as the gas employed: This proves
that nothing efcapes from the phofphorus, ca-
pable of altering the purity of the oxygen gas,
and that the only aion of the phofphorus is to
feparate the oxygen from the caloric, with which
it was before united. ,

I mentioned above, that when any combufti-
ble body is burnt in a hollow fphere of ice, or
in an apparatus properly conftructed upoa that
principle, the quantity of ice melted during the
combuftion is an exa@ meafure of the quantity
of caloric difengaged. On this fubje&, the me-
moir given to the Academy by M. de.la Place
and myfelf, anno 1780, p. 355, may be confulted.
Having fubmitted the combuftion of phofphorus
to this trial, we found that one pound of phof-
phorus melted a little more than 100 pounds of
ice during its combuftion.

* The combuftion of phofphorus fucceeds equal-
ly well in atmofpheric air as in oxygen gas, with
this difference, that the combuftion is- vaftly
flower, being retarded by the large proportion of
azotic gas mixed with the oxygen gas; and that
only about one-fifth part of the air employed is
abforbed, becaufe, as the oxygen gas only is ab-
forbed, the proportion of the azotic gas becomes
fo great towards the clofe of the experiment, as
to put an end to the combuftion.

1
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" I.have alteady fhewn, that phofphorus is
changed by combutftion into an extremely light,
white, flakey matter. Its properties are likewife
entirely altered by this transformation ; from
‘being infoluble in water, it becomes not only
foluble, but fo greedy of moifture, as to attract
the humidity of the air, with aftonithing rapidi-
ty : By this means it is converted into a liquid,
confiderably more denfe, and of more fpecific
gravity, than water. In the ftate of phofphorus

before combuftion, it had fcarcely any fenfible

* tafte ; by its union with oxygen it acquires an
cxtremely fharp and four tafte ; in a word, from
one of the clafs of combuftible bodies, it is chan-
ged into an incombuftible {ubftance, and -becomes
one of thofe bodies called acids.

This property of a combuftible fubftance to
be copverted into an acid, by the addition of
oxygen, we fhall prefently find belongs to a
great number of bodies: Wherefore, ftrict logic
requires that we fhould adopt a common term
for indicating all thefe operations which produce
analogous refults. This is the true way to fim-
plify the ftudy of fcience; as it would be quite
impoflible to bear all its fpecifical details in
the memory, if they were not elaffically ar-
ranged. For this reafon, we fhall diftinguifh
. the converfion of phofphorus into an .acid, by
its unton with oxygen, and in general every
combination of oxygen with a combuftible fub.

ftance,




OF CHEMISTRY. 1t

ftance, by the term of oxygenation? - From this
I fhall adopt the verb to oxygenate ; and of con-
fequence fhall fay, that in oxygenating phofpho-
rus we convert it into an acid.

“Sulphur is likewife a combuftible body, or, in
other words, it is a body which poffeflés the
power of decompofing oxygen gas,- by attract-
ing the oxygen from the caloric with which it
was combined. This can very eafily be proved,
by ‘means of -experiments quite fimilar to thofe
we have given with phofphorus; but it is-ne-
ceffary to premife, that in thefe operations with
fulphur, the fame accuracy of -refult is not to
be expected as with phofphorus; becaufe the
acid which is formed by the combuftion of ful-
phur 1is difficultly condenfible, and becaufe ful-
phur-burns with more- difficulty, and is foluble
in ‘the different ‘gafes. - But I can fafely affert,
from my own experiments, that fulphur in
burning abforbs oxygen gas ; that the refulting
acid is confiderably heavier than the fulphur
burnt 5 that its - weight is equal to the fum of
the weights of the fulphur which-has been
burnt, and of the oxygen abforbed 3 and, laftly,
that this acid is weighty, incombuftible, and "
mifcible with water in all proportions. The only
uncertainty remaining upon this head, is with
regard to the proportions of fulphur and -of*
oxygen which enter into the compoﬁtxou of the
acxd ;
Charcoal,
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Charcogl, which, from all our prefent know.
ledge regarding it, muft be confidered as a fim-
ple combuftible body *, has likewife the proper-
ty of decompofing oxygen gas, by abforbing its
bafe from the caloric: But the acid refulting -
from this combuftion does not condenfe in the
common temperature ; under the preflure of dur
atmofphere, it remains in the ftate of gas, and -
requires a large proportion of water to combine
with, or be diflolved in. This asid has, how.
ever, all the known properties of other acids
though in a weaker degree, and combines, like
them, with all the bafes which are fufceptible of
forming neutral falgs.

The combuftion of charcoal in oxygen gas,
may be effeted like that of phofphorus in the
bell glafs, A, Pl IV. fig. 3. placed over mer-
cury : But, as the heat of red-hot iron is not
fufficient to fet fire to the charcoal, we muft
add a fmall morfel of tinder, with a minute .
particle of phofphorus, in the fame manner as is.
directed in the experiment for the combuftion
of iron. A detailed account of this experiment
will be found in the Memoirs of the Academy

for

* This affertion is to be underftood of the pure combufti-
ble part of charcoal, which, in the nomenclature, is named
carbon, carbonum, to diftinguifh it from charcoal, charbon,
carbo: The latter, befides carbon, contains fome incom~
byftible earth, and certain falts,—T,
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for 1981, p. 448. By that experiment, it ap-
pears, that 28 parts by weight of carbor requiré
72 parts of oxygen for- faturation, and that the
aériform acid produced is precifely equal in
weight to the fum of the weights of the char-
coal confumed and oxygen gas employed during
the combuftion. This aériform acid was called
fixed or fixable air by the chemifts- who ficft dif2
covered it ; they did not then know whether it
was air refembling that of the atmafphere, ot
fome other elaftic fluid, vitiated ‘and éorrupted
by combuftion ; but fince it is now afcertained to
be an acid, formed like all others by the oxyge-
nation of its peculiar bafe, it is obvious that the
name of fixed air is quite ineligible ®. -
By burning charcoal in the apparatus men=
tioned, p. 60, Mr de la Place and I found that
-one /id. of charcoal melted 96.375 libs. of ice;
that, during the combuftion, 2.5714 /ibs. of oxy-
gen were abforbed, and that 3.5714 libs. of acid
gas were formed. This gas weighs 0.695 parts
of a grain for each cubical inch, in the common
Vor. L. - H i ftandard

* Tt may be proper to remark, though here omitted
by the author, that, in conformity with the general prin«
ciples of the new nomenclature, this acid" is by Mr La.
voifier and his colleagues called the carbonic acid, and
when in the aériform ftate, carbonic acid gas.-~T.
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ﬁgnc}ard; temperature and preflure mentioned a-
bpve,- {o that 34242 * cubical inches of acid gas
are prodyced by the combuflion of on¢ pound of
charcoal. '

- I might multiply thefe experiments, and fhow,
by a numerous fucceffion of fadts, that all acids

are formed by the combuftion of certain fubftan-

ces ; but,I am prevented from doing fo in this
place, by the plan which I have laid down, of
proceeding only from fa&s already afcertained
to fuch as are unknown, and of drawing my
examples only from. circumftances already ex-
- plaingd. ‘. In the mean time, however, the
threé examples above cited, may fuffice for- gi-
ving a clear and accurate conception of the
manner in which acids are formed. ‘By'\thefe,
it may be clearly feen, that oxygen is an ele-
ment common to t_hem all, and which confti-
tutes or produces their acidity ; and that they
diffet from each other, according to the feveral
patures of the oxygenated or acidified {ubftan-
ces. We muft, therefore, in every acid, care-
; fully

N

* Some error muft have crept into Mr Lavoifier’s cal-
enlation ; for, on the data here given, the number of cu-=
bical inches of gas ought ta have been 47358.35 35 3.5714
%ibs. of carbonic acid gas, or 32914.0224 £¥s. when di-
vided by .6gs, the weight of a cubical inch, give this
correted quotient.—T. :
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fully diftinguifh between the acidifiable bafe,
which Mr de Morveau calls the radical, and the

acidifying principle, or oxygen.

H2 . CHAP.
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CHAP VL

Of the Nomencla'turc" of Acids in general, and par-
ticularly of thofe drawn from Nitre and Sea-
Salt, '

IT becomes extremely eafy, from the princi-
ples laid down in the preceding chapter, to
eftablifh a fyftematic nomenclature for the a-
cids: The word acid being ufed as a generic
term, each acid falls to be diftinguifhed in lan-
guage, as in nature, by the name of its bafe or
radical. Thus, we give the generic name of
acids to the produéts of the combuftion or oxy-
genation of phofphorus, of fulphur, and of car-
bon ; and thefe produ@s are refpe@ively named,
the pboj_bborzc acid, the fulpburzc acid, and the
carbonic acid.

There is, however, a remarkable circum-
ftance in the oxygenation of combuftible bo-
dies, and of a part of fuch bodies as are con-

vertible into acids, that they are fufceptible of -

different degrees of faturation with oxygen,
and that the refulting acids, though formed by
the union of the fame elements, are poflefled of

different properties, depending upon that dif- .

ference of proportion. Of this, the phofphorie
acid, and, more efpecially, the fulphuric, fur-
nifh
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nifh us with examples. When fulphur is com-
bined with a fmall proportion of oxygen, it
forms, in this firft or lower degree of oxygena-
tion, a volatile acid, having a penetrating odour,
and poflfefled of very peculiar qualities. By a
larger proportion of oxygen, it is changed into
a fixed, heavy acid, without any odour, and

. which, by combination with other bodies, gives

produ@s quite different from thofe furnithed
by the former. In this inftance, the principles
of our nomenclature feem to fail ; and it appears
difficult to derive fuch terms from the name of
the acidifiable bafe, as fhall diftinctly exprefs
thefe two degrees of faturation, or oxygenation,
without circumlocution. By reflection, how-
ever, upon the fubje@®, or perhaps rather from
the neceflity of the cafe, we -have thought it al-
lowable to exprefs thefe varieties in the oxyge-
nation .of the acids, by fimply varying the termi-
nation of their fpecific names. The volatile acid
produced from fulphur was anciently known
to Stahl under the name of fulpburous acid *.

H 3 We

* The term formerly ufed by the Englifh chemifts for
shis acid was written fulphureous ; but I have thought pro-
per to fpell it as above, that it may better conform with the
fimilar terminations of nitrous, carbonous, &c. to be ufed
hereafter. In general, I have ufed the Englifh terminations
ic and ous to tranflate the terms of the Author which end

wikh sgue and eu; with hardly any other alterations.—T.
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We have preferved that term for this acid from
fulphur under-faturated with oxygen ; and dif-
tinguifh the other, or completely faturated or
oxygenated acid, by the name of fulphuric acid.
‘We fhall.therefore fay, in this new chemical
language, that {fulphur, in combining with oxy-
gin, is fufceptible of two' degrees of faturation 3
that the firk, or lefler degree, conftitutes ful-
phurous acid, which is volatile and penetrating ;
while the fecond, or higher degree of faturation,
produces fulphuric acid, which is fixed and in-
odorous. We fhall adopt this difference of ter.
mination for, all the acids which afflume feveral
degrees of faturation. Hence we have a phof-
" phorous and a phofphoric acid, an acetous and
_ an acetic acid; and fo on, for others in fimilar
circumitances. . \

Thnis part of. chemical fcience would have
been extremely fimple, and the nomeaclature
of the acids would not have been at all per-
plexed, as it is now in the old nomenclature, if °
the bafe or radical of each acid had been known
when the acid itfelf was difcovered. Thus, for
inftance, phofphorus being a known fubftance
before the difcovery of its acid, this latter was
rightly diftinguithed by a term drawn from the
name of its acidifiable bafe. But when, on the
contrary, an acid happened to be difcovered
before its bafe, or rather, when the acidifiable,
bafe from which it was formed remained un-

known,
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known, naines were adopted for the two, which
have not the fmalleft connection’j and thus,
not only the memory becamé burdened with
ufelefs appellations, but the minds of ftudents,
nay even of experienced chemifts, bécame fill-
ed with falfe ideas, which time aid refletion
alone are capable of eradicating. Wé may
give an inftance of this confufion with refpec
to the acid of fulphur: The former chemifts,
having procured this acid from the vitriol of
iron, gave it the name of the vitriolic acid from
the name of the fubftance which preduced it ;
and they were then ignorant that the acid pro-
cured from fulphur by combuftion was exaétly
the fame. The fame thing happgned with the
aériform acid, formerly called fixed air ; it not
being known that this acid was the refult of
combining carbon with oxygén, a variety of

denominations have been given to it, not one’.

of which conveys juft ideas.of -its ndture or ori-’
gin. : ‘ L R -
We have found it extremely eafy to correct
and modify the ancient language with refpect’
to thofe acids which proceed from known bafes ;
having converted the-name ‘of vitriolic acid into
that of fulpburic, and the name of fixed air in-
to that of carbonic acid: But it is impoflible
to-follow this plan’with' the acids whofe bafes.
are” ftill unkdown'’; *with thefe we have ‘been.
obhged to ufe a contrary plan, and, mftead of
Hg4 ' . forming
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forming the name of the acid from that of its

bafe, have been forced to denominate its un-

known bafe from the name of the known acid,
as happens in the cafe of the acid which is pro-
cured from fea-falt.

. To difengage this acid from the alkalme bafe
with which .t is combiped, we have only to
pour fulphurxc acid upon fea-falt ; immediately
a brifk effervefcence takes place, white vapours
arife, of a very penetrating odour, and, by gen-
tly heating the mixture, all the acid is driven
off, As, in the common temperature and pref-
fure of our atmofphere, this acid is naturally in
the ftate of gas, we muft ufe particular precau-
tions for retaining it in proper veflels. For fmal}
experiments, the moft fimple and moft com-
modious apparatus. confifts of a {mall retort G,

Pl V. Fig. 5. into which the fea falt is introdu-
ced, well dried * ; we then pour on fome ‘concen-
trated fulpburic acid, ‘and immediately introduce
the beak of the retort under little jars or bell«
glaflfes A, fame Plate and Fig. previoufly fill-
ed with qmckﬁlver. In proportion as the acid
gas is difengaged, it pafles into the jar, and
gets to the top of the quickfilver, which it dif-
’ ' ‘ places,

. For this purpofe, the operation called decrepstation is
ufed, which confifts in fubje@ing it to nearly a red heat, in

a proper veffel, fo as to evaporate all its water of u'y&al'
lization --T. . :
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places. When the difengagement of the gas
flackens, a gentle heat is applied to the. retort,
and is gradually increafed, till nothing more
pafles over. This acid gas has a very ftrong
affinity with water, which abforbs an enormous
quantity of it; this is proved by introducing a
very thin layer of water into the glafs which con-
tains the gas, for, in an inftant, the whole acid
gas difappears, and combines with the water.
This latter circumftance is taken advantage of
in laboratories and manufaiories, on purpofe to
obtdin the acid of fea-falt in a liquid form ; and
for this purpofe the apparatus, P1. 1V. fig. 1., is
employed. It confifts ; of a tubulated retort A,
into which the fea-falt, and after it the fulphuric
acid, are introduced through the opening Hj;
of the balloon or recipient ¢, 4, intended for
containing the fmall quantity of liquid which
pafles over during the procels ; and of a fet of
bottles with two mouths, L, L, L, L, half filled
with water, intended for ablorbing the gas dif-
engaged by the diftillation. This apparatus.will

be more amply defcribed in the latter part of ‘

this work. . :

Although we have not yet been able, either
to compofe or ta decompound this acid of fea-
falt, we cannot have the fmalleft doubt that it,
like all other acids, is compofed by the union
of oxygen with an acidifiable bafe. We have
wcrefore called ‘this unknown fubftance the

muriatic
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muriatic bafe, or muriatic Fadical, deriving this
name, after the example of Mr Bergman and
Mr de Morveau, from the Latin word muria,
which was anciently ufed to fignify fea-falt.

Thus, without being able exactly to determine

the component parts of muriatic acid, we defign
by that term a volatile acid, which retains the
form of 'gas in the common temperature and
preflure of our atmofphere; which combines
with great facility, and in great quantity, with
water ; and whofe actdifiable bafe adheres fo
very intimately with oxygen, that no method

has hitherto * been devifed for feparating them.’

I'f ever this acidifiable bafe of the muriatic acid
is difcovered to be a known fubftance, though

now unknown in that capacity, it will be requi- °

fite to change its prefent denomination for one
analogous with that of its bafe. - '
In

* Dr Girtanner is faid to have ldtely difcovered, that
Hydrogen'is the bafe or radical of this acid. Should this
difcovery be confirmed, the terms will here reqaire fome
farther alteration, in conformity, with the general prin-
ciples of the new nomenclature. At any rate, muriogen
may be employed to denominate the bafe of the muria-
tic acid, till its nature be unequivocally determined ; and,
if the difcovery attributed to Dr Girtanner be afcertain-
ed, the common bafe of water and muriatic acid will more
properly fall to be named by this new term, than by that
of Hydrogen.—nT . ..
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In-common with fulphuric acid, and feveral
other acids, the muriatic is capable of different
degrees of oxygeuziion ; but the excefs of oxy-
gen produces quite contrary effects upon it from
what the fame circumftance produces upon the
acid of fulphur. The lower degree of oxygena-
tion converts fulphur into a volatile gafeous

~acid, which only mixes in {mall proportions

with water ; while a higher oxygenation forms
an acid poffefing much ftronger acid proper-
ties, which is very fixed, and cannot remain in,
the ftate of gas, but in a very high temperature,
which has no fmell, and which mixes in large
proportion with water. With muriatic acid,
the dire¢t reverfe takes place; an additional’
faturation with oxygen renders it more volatile,
of a more penctrating odour, lefs mifcible with
water, and diminifhes its acid properties. We
were at firft inclined to have denominated thefe
two degrees of faturation in the fame manner
as we had done with the acid of fulphur, call-
ing the lefs oxygenated muriatous acid, and
that which is more faturated with oxygen mu-
riatic acid: But, as this latter gives very par-
ticular refults in its combinations, and as no-
thing analogous to it is yet known in chemif-
try, we have left the name of muriatic acid
to the lefs faturated, and give the latter the

" moreq
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more compounded appellation of oxygenated mu-
riatic acid *.

Although the bafe or radical of the acid
which is extracted from nitre or faltpetre be
better known, we have judged proper only
to modify its name in the fame manner with
that of the muriatic acid. It is procured from
nitre, by the intervention of fulphuric acid,
by a procefs fimilar to that defcribed for ex-
tradting the muriatic acid, and by means of
the fame apparatus, P1.IV.-Fig. 1.  In propar-
tion as the acid paffes over, it is in part con-
denfed in the balloon or recipient, and the.reft
is-abforbed by the water contained in the bot-
tles L, L, L, L ; the water becomes firft green,
then blue, and at'laft yellow, in proportion ta
the concentration of the acid. During this
operation, a large quantity of oxygen gas, mix-
ed with a {fmall proportion of azotic gas, is dif-
engaged.

This acid, like all others, is compofed of oxy-
gen, united to an acidifiable bafe, and is even
the firft acid in which the exiftence of oxygen

was

* The compound term, murioxic acid, might ferve ve-
ry conveniently for exprefling this ftate of the muriatic
acid : In ftri& conformity with the general principles of
the new chemical philofophy, and its nomenclature, it
fhould have been called fuper-oxygenated, inftead of oxys
5enated muriatic acid ; for all acids are oxy genated.—-'l,'.



OF CHEMISTRY. 123

was well afcertained. Its two_ conftituent ele-
ments are but weakly united, and are eafily
feparated, by prefenting any fubftance with
which oxygen has a ftronger affinity than with
the acidifiable bafe peculiar to this acid. By

fome experiments of this kind, it was firft dif=

covered that azot, or the bafe of mephitis or of
azotic gas, conftituted its acidifiable bafe or
radical ; and confequently, that the acid of
nitre was really an azotic acid, having azot for
its bafe, combined with oxygen. For thefe
reafons, that we might be confiftent with our
principles, it appeared neceflary, either to call
the acid azotic, or to name the bafe nitric ra-
dical ; but from either of thefe we were dif-
fuaded, by the following confiderations. It
feemed difficult to change the name of nitre

or faltpetre, which have been univerfally ad- .

opted in fociety, in manufactures, and in che-
miftry; and, on the other hand, azot having
been difcovered by Mr Berthollet to be the
bafe of volatile alkali, or ammoniac, as well as
of this acid, we thought it improper to call it
pitric radical. We have therefore continued
the term of azot to the bafe of that part of
atmofpheric air which is likewife the nitric

and ammoniacal radical ; and we have. named

the acid of nitre, in its lower and higher de-

grees of oxygenation, mitrous acid in the for-
mer,

’
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mer, and nitric acid in the latter ftate; thus
preferving its former appellation properly modi
fied. . o
Several very refpeable chemifts have dif-
.approved of this deference for the old terms,
and wifhed us to have perfevered in perfeting
a new chemical language, without paying any
‘refpe to ancient-ufage ; fo that, by thus fteer-
Ing a fort of middle courfe, we have expofed
ourfelves to the cenfures of one fect of che-
mifts, and to the expoftulations of the -oppofite
party. o .
The acid of nitre is fulceptible of affuming a
great number of feparate ftates, depending up-
on its degree of oxygenation, or upon the pro-
portions in which azot and oxygen enter intoits
compofition. By a firft or loweft degree of oxy-
genation, it forms a particular fpecies of gas,
which we fhall continue to name aitrous gas ;
this is compofed nearly of two parts, by weight,
of oxygen combined with one part of azot,
and in this ftate it is not mifcible with water.
In this gas, the azot is by no meags fully fatu-
rated with oxygen, but, on the contrary, has .
ftill a very great affinity for that element, and
even attracls it from atmofpheric air, infme-
_dately upon getting into conta® with it. This
combination of nitrous'gas with the oxygen gas
- contained in atmofpheric air, has even become
one

\
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offe of the methods for determining the quantity
of oxygen gas mixed with any portion of air,
and confequently is ufed as a teft for afcertain-
ing its degree of falubrity.

The further addition of oxygen converts
the nitrous gas into a powerful acid, which
has a ftrong affinity with water, and which
is itfelf fufceptible of various additional degrees
of oxygenation. When the proportions of
oxygen and azot are below three parts, by
weight, of the former to one of the latter, the
acid is red coloured, and emits copious fumes.
In this ftate, by the application of a gentle
heat, it gives out nitrous gas; and we term
it, in this degree of oxygenation, nitrous acid.
When four parts, by weight, of oxygen, are
combined with one part of azot, the acid is
clear and colourlefs ; more fixed in the fire
than .the nitrous acid ; has lefs odour, and
its conftituent elements are more firmly uni-
ted : This fpecies of acid, in conformity with
our principles of nomenclature, is called zitric
acid. -

Thus, nitric acid is the acid of nitre, fur-
. charged with oxygen ; nitrous acid is the acid
of nitre furcharged with azot, or what is the
fame thing, with nitrous gas ; and this latter is
azot not fufficiently faturated with oxygen to

poflefs the properties of an acid. To this lat-
’ ter
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ter degree of oxygenation, we have afterwards;

in the courfe of this work, given the generical
name of oxyd *. A

.

€HAP.

* In ftri& conformity with the principles of the new
nomenclature, but which the author has given his reafons
for deviating from in this inftance, the following ought to
have been the terms for azot, in its feveral degrees of oxy-
genation: Azot, azotic gas (azot combined with caloric),
azotic oxyd gas, azotous acid, and azotic acid.~=T.
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CHAP. VIL

| Of the Decompofition of QOxygen Gas by me;n: of -
| Metals, and the Formation of Metallic Oxyds.

XYGEN has a ftronger affinity with me-
| tals’ that are heated to a certain degree
1 than with caloric: In confequence of this, all
} metal]ic bodies, excepting gold, filver, and pla-

tina, have the property of decompofing oxy-
| gén gas, by attrating its bafe from the caloric
l with which it wascombined. We have already
thown ‘in what manner this decompofition is ef-
fe¢ted by means of mercury and iron; having
obferved, that, in the cafe of the firft, it muft
be confidered as a kind of gradual combuftion,
whereas, in the latter, .the combuftion is ex-
tremely rapid, and is attended with a brilliant
flame., The ufe of the feat employed in thefe
operations is to feparate the particles of the me-
tal from each other, and to diminith their at-
traction of cohefion or aggregation, or, what is
the {fame thing, their mutual attraiion for each

ather.
The abfolute weight of all metallic {ubftan-

ces is augmented in proportion to the quantity
Vor. L. I of
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of oxygen they abforb ; they, at the fame time,
lofe their metallic fplendour, and are reduced
to the appearance of an earthy pulverulent mat-
ter: In this ftate, metals muft not be confider-
ed as entirely faturated with oxygen, becaufe
their action upon this element is counter-ba-
lanced by the power of affinity between it and
the caloric. During the calcination of metals,
the oxygen is therefore acted upon by two fe-
parate and oppofite powers, that of its attrac-
tion for caloric, and that exerted by the metal ;
and it only tends to unite with the metal in
" confequence of the excefs of the latter power
over the former, which is, in general, very
inconfiderable. Wherefore, when metallic fub-
ftances are .oxygenated in atmofpheric air, or
in oxygen gas, they are not converted .into
acids, like fulphur, phofphorus, and carbon,
but are only changed into intermediate fub-
ftances, which, though approaching to the na-
ture of falts, have not acquired all the faline
properties.

The older chemiftsehave affixed the name of
calx not only to metals in this ftate, but to eve-
ry body which has been long expofed to the
action of fire without being melted. They
have employed this word calx as a generical
term ; under which they confound calcareous
earth, which, from a neutral falt, which it
really was before calcination, has been chan-

| ' ged
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ged by fire into an earthy alkali, by lofing half
of its weight ; and metals, which, by the fame

" Ineans, have joined themfelves to a new fub-

ftance, the added quantity of which often ex-
ceeds half their weight, and by the addition of
which they have been changed almoft into the
nature of acids. This mode .of claffifying fub-
ftances, of fo very oppofite natures, under the
fame generic name, would have been quite con-
trary to our principles of nomenclature ; efpe-
cially as, by retaining the above term for this
ftate of metallic fubftances, we muft have con-
veyed very falfe ideas of its nature. We have,
therefore, laid" afide the expreffion metallic calx
altogether, and have fubftituted in its place the
term oxyd, from the Greek word ¢fus.

By this readinefs for fupplying appofite terms,
it is evident that the language we have adopt-
ed is both copious and expreffive. The firft
or loweft degree of oxygenation in bodies, con-
verts them into oxyds ; a fecond degree of ad- .
ditional oxygenation conftitutes that clafs of
acids, of which the fpecific names, drawn from -
their particular bafes, terminate in .ous, as the
nitrous and fulphurous acids ; the third degree
of oxygenation changes thefe into that divifion
of acids, which are diftinguithed by the termi-
nation in ic, as the nitric-and JSulpburic acids ;
and, laftly, we can exprefs,a fourth, or highett .

degree of oxygenation, by adding the word oxy-
- I2 . ;. gehated-
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genated to the name of the acid, as has been al-
ready done with the oxygenated muriatic acid.

We have nof confined the term oxyd to the-
purpofe of exprefling the combination of metals -
with oxygen, but have extended it to fignify
that fitft degree of oxygenation in all bodies,
which, without converting them into acids,
caufes them to approach to the nature of falts.
Thus, we give the name of oxyd of fulpbur to
that foft fubftance into which fulphur is con-
verted by mcxp»ent or imperfe& combuftion ;
and we call the yellow matter left by phofpho-
rus, after. combuftion, by the name of oxyd of
phofpborus. In the fame manner, nitrous gas,
which is azot in its firft degree of oxygenation,
isthe oxyd of axot *, 'We have likewife oxyds in
great numbers from the vegetable and animal
kingdoms ; and I {hall thew, in the fequel, that
this new language throws great light upon all
the operations of art and nature.

We have already obferved, that almoft all
‘the metallic oxyds have peculiar and perma-

nent

* Mrc Lavoifier here ufes the term oxyd of azot, but it
is no where elfe adopted in the new nomenclature ; though,
as I have mentioned in a former note, it is more legiti-
mate than the term nitrous gas ; which laft he has retain-
ed, both becaufe it has long been employed, and chiefly
becaufe, as a familiar term .in chemiftry, it conveys no
ideas contradx&ory to the real nature of the fubftance itis
meant to exprefs.—T,
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nent colours. ‘Thele” vary not -only in the dif-
ferent {pecies of metals, but even according to
the various degrees of oxygenation in the {fame
metal. Hence we are under the neceflity of
adding two epithets to each oxyd, one of which
indicates the metal oxydated *, while the other
indicates the peculiar colour of the oxyd.
Thus, we have the black oxyd of iron, the red
oxyd of iron, and the yellow oxyd of iron;
which expreflions refpe@ively anfwer to the old
unmeaning terms of martial ethiops, colcothar,
and ruft of iron, or ochre. We have likewife
the grey, yellow, and red oxyds of lead, which
an{wer to the equally falfe or infignificant old
terms, litharge, athes of lead, mafficot, and mi-
nium.

Thefe denominations fometimes become ra-
ther long, efpecially when we mean to indi-
cate whether the metal has been oxydated in
the air, by detonation with nitre, or by means
of acids ; but then they always convey juft

I3 and

* Here we fee the word oxyd converted into the verb
to oxydate, oxydated, oxydating, after the fame manner,
with the derivation of the verb to oxygenate, oxygenated,
oxygenating, from the word oxyges. I am not clear of the
abfolute neceflity of this fecond verb here firft introduced,
but think, that, in a work of this nature, it is the duty of
the tranflator to negle& every other confideration for the
fake of ftri&t fidelity to the ideas of his author.—T,
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and accurate ideas of the correfponding obje@s
which we wifh to exprefs by their ufe. All this
will be rendered perfectly clear and diftin& by
means of the tables which are added to this
work.

CHAP.
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CHAP. VIIIL

Of tbe Radical Principle of Water, and of its
Decompofition by Charcoal and Iron.

NTIL very lately, water has always been

- thought a fimple fubftance ; infomuch
that the older chemifts confidered it as an ele-
ment. Such it undoubtedly was to them, as
they were unable to decompofe it ; or, at leaft,
fince the decompofition which took place daily
before their eyes, was entirely unnoticed. -But
we mean to prove, that water is by no means a
fimple or elementary fubftance. I fhall not
here pretend to give the hiftory of this recent,
and hitherto contefted difcovery, which is de--
tailed in the Memoirs of the Academy for 1781,
but fhall only bring forward the principal
proofs of the decompofition, and compofition of
water ; and I may venture to fay, that thefe will
be convincing to fuch as confider them impar-
tially.

Experiment Firft.

‘Having fixed the glafs tube EF, Plate VIL
Fig. 11. of from 8 to 12 lines diameter, acrofs a
T4 _ furnace,

v
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furnace, with a {mall inclination from E to F ;
lute the fuperior extremity E to the glafs retort
A, containing a determinate quantity of diftil-
led water ; and to the fuperior extremity F, lute
the worm Sb fixed into the neck of the doubly
tubulated bottle H; which ldft has the hent tube
KK adapted to one of its opeénings, in fuch a
manner as to convey f{uch aériform fluids or
gafes as may be difengaged during thé .experi-
ment, into a proper apparatus for dctermmmg
their quantity and hatare.

To render the {uccefsof this expenment. cer-
tain, it is neceﬁhry that the tube EF be made
of well annealed and.difficultly _ﬁtﬁblq glafs, and
‘that it be coated over with a lyte compofed of '
clay mixed with powdered ,flome-ware ; befides
which, it muft be fupported about its middle by
means of an iron bay pifled through the far-
nace, left it- thould foften and bend during the
experiment. A tube of China-ware or porce-
_lain, would anfwer better shan orie of glafs for
this experiment, were it not difficult to procure
one {o entirely free from pores as to prevent the
paffage of the air or vapours.~
' When things are thus arranged, a ﬁre is light.
* ed in the furnace EFCD, which is fupported of
fuch a ftrength as to keep the tube EF red hot,
but not to make it melt ; and, at the fame time,
fuch 4 fire is kept up in the furnace VVXX, as

. -t

*
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to keep the water in.the tetottAcon'tinuall;
boiling.

In proportion as the water, in the retort A
is evaporated, it fills thre tube EF, and drives out -
the wir contained through the tube KK ; the
aqueous gas formed by evaporation is condenfed
by ¢ooling in the worm SS, and falis, drop by
drop, into the tubulated bottle H. Having con-
tinued this operation until all the water be eva-
porated from.'the retort, and having carefully
ezaptied all the veflels employed, we find that a
quantity of water has pafled over into the bottle
H, exa@ly equal to what was before contained
in the retort' A, without any difengagement of
gas whatfoever ;1 So that this experiment turns
out to be-a fimple diftillation; and the refult
would have been exallly the fame, if the wa-
ter had been run from one veffel ioto the
other, without having undergeone the interme.
diate incandefcence, by paffing t'hrough the sea.
hot. mbe EF. -

-' '

. Experiment Second.

The apparatus being difpofed, as in the for-
mer experiment ; 28 grr. of chareoal, broken
inito moderately fmall parts, and ‘which has pre-
vioufly been expofed for a long time to d red
heat in clofe veffels, are mtroduced into the tube

EF:
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EF.: Every thing elfe is managed exaétly as in
the preceding experiment.

The water, contained in the retort A, is diftil-
led, as in the former experiment, and, being con-
denfed in the worm SS, falls into the bottle H ;
but, at the fame time, a confiderable quantity of
gas is difengaged, which, efcaping by the tube
KK, is received in a convenient apparatus for
that purpofe. After the operation is finifhed, we
find nothing but a few atoms of afhes remaining
in the tube EF ; the 28 grs. of -charcoal having
entirely difappeared,

When the diiengaged gafes are carefully eXa-
‘mined, they are found to weigh 113.7 gre. %
thefe are of twe kinds, viz. 144 cubical inches
of ca: bonic ac'd -gas, weighing 100 grs. and 380
cubical inches of a wery lisht gas, weighing
only 13.7 gre. ; this latter gas takes fire, when
jn.conta with air, by the approach of a light-
ed body ; and when the water which has paf-
fed over into.the bottle H is carefully examined,
it is found to have loft 85.7 grs. of its weight,

“Hence, in this experiment, 85.7 grs. of water,
'joined to 28 grs. of charcoal, have combined
in fuch a way as to form 100 grs. of carbonic
C acid,
* In the latter part of this work, will be found a parti+
eular account of the procefles neceflary for feparating the
different-kinds of gafes, and for determining their quan-
sities, and the particular natures of each.—T.
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.acid, and 13.7 grs. of a pamcular gas capable
of being burnt. :

I have already fhown, that 100 grs. of carha-
" nic acid gas confift of 72 grs. of oxygen, com-
bined with 28 grs. of carbon ; hence the 28 g7,
of charcoal placed in the glafs tube have acqui-
red 72 grs. of oxgyen from the water ; and it
follows, that 85.7 grs. of water are compofed
of 72 grs. of oxygen, combined with 13.7 grs.
of a gas fufceptible of combuftion. We f(hall
fee prefently that this gas cannot poffibly have
been difengaged from the charcoal, and mugt
confequently have been produced from the wa-
ter. - -
. I have fupprefled fome circumftances in the
above account of this experiment, which -would
only. have rendered it complicated, and made
its refults obfcare to the reader. For inftance,
the inflammable gas diffolves a very fmall part
of the carbon, by which means its own weight
is fomewhat augmented, and that of the car-
bonic gas is proportionally diminithed. Al-
though' the alteration produced- by this cir-
cumftance is very inconfiderable, yet I have
thought it neceflary to determine its effects by a
rigid calculation, and to report, as above, the
refults of the experiment in its fimplified fate,
.as if the circumftance had not happened. At
- any rate, fhould any doubts remain refpeing
the confequences I have drawn from this experi-

ment,
[
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ment, they will be fully diffipated by the fol-
lowing experiments, which I am going to adduce
in fupport of my opinion.

Experiment Third,

The apparatus being difpofed exa&tly as in the
former experiment, with this difference, that in-
ftead of the 28 grs. of charcorl, the tube EF is
filed with 274 grs. of foft iron, in thin plates,
rolled up fpirally ; the tube is made red-hot
by means-of its furnace, and the water, in the
retort A, is kept conftantly boiling till it be all
‘evaporated, and has paffed through the tube
E F, to be condenfed in the-bottle H.

"No carbonic acid is difengaged in this expe-
riment ; inftead of which wé iobtain 416 cu-
‘bical inches, or r5 grs. of inflammable” gas,
thirteen timres lighter * than atmofpheric air.
By examining the water which has been diftil-
led, it is found to have loft 100 grs. and the
‘274 grs. of iron confined in the tube are found

‘ o ' ta

* This T conceive to be a very improper expreflion. I
underftand the meaning of one {nbftance being thirteen
times heavier than another, but I do not underftand how
one can be thirteen times lighter. One-thirteenth of the
weight of the heavier would be the proper expreflion for
implying the comparative gravity of the lighter body.—T.
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to have acquired 85 grs. additional weight, and
its magnitude is confiderably augmented. The
iron is now hardly attractable by the magnet ; it
diffolves in acids without effervefcence ; in fhort,
it is converted into a black oxyd, precifely fimi-
lar to that produced by the combuftion ot' non
in oxygen gas.

In this experiment we have a true oxydalwa
of iron by means of water, exaly fimilar to
that produced in air by the afliftance of heat.
One hundred grains of water having been de-
compofed, 85 grs. of oxygen have combined
with the iron, fo as to convert it into the ftate
of black oxyd, and 15 g7+ of a peculiar inflam-
mable gas are difengaged: From all this it
clearly follows, that water is compofed of oxy-
gen combined with the bafe of an inflammable
gas, in the refpedtive proportion of 85 parts

by weight of the former, to 13 parts of the lat-

ter.

Thus water, beﬁdes the oxygen, which is
one of its elements, as it is of many other fub-
ftances, contains another element as its con-
ftituent bafe or radical, and for this proper
principle or - element we muft find an -ap-
propriate term. None that we could think
of feemed better adapted than the word by-
drogen, which fignifies the generative prin,
ciple of water, from idwp aqua, and yevopas gig.

" nor.
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‘nor*, We call the combination of this elerhéiit
with caloric hydrogen gas ; and the term hydro-
. gén + exprefles the bafe of that gas, or the radi-
cal of water.

-This experiment furnifhes us with a new
combuftible body, or, in other words, a body
which has fo much affinity with oxygen as to
‘draw it from its conne@®ion with caloric, and to
decompofe oxygen gas. This combuftible body
has itfelf fo great an affinity with caloric, that,
unlefs when engaged in a combination with fome
other body, it always fubfifts in the aériform
or ‘gafeous ftate, in the ufual temperature and
preﬁ'ure of our atmofphere. In this ftate of gas

it is about ;% of the weight of an equal bulk of
atmofpheri¢

* This expreflion Hydrogen, has been very feverely cri-
ticifed by fome, who pretend that it fignifies engendered
by water, and not that which engenders water. ] am not
Grecian enough to fettle the grammatical difpute, but the
éxpériments related in this chapter prove, that, when
watér is decompofed, hydrogen is produced, and that,
when hydrogen is combined with oxygen, water is produ-
ced; hence we may fay, with equal truth, that water is
produced from hydrogen, or hydrogen is produced from
water.—T. .

4 In a former nate, it is mentioned that this element ap-
pears to be the bafe of muriatic acid, and that, if the difco-
very be authentic, it might more properly be named mu-~
riogen ; in this cafe what the older chemifts named inflam-
mable air, will become, in the new nomenclature, muriogen
gas, and water will become a real oxyd of muriogep.—~T.
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atmiofphetic air; it is not abforbed by water,
though it is capable of holding a fmall quantity
of that fluid in folution ; and it is incapable of
being ufed for refpiration, without producing in-
ftant death. :

As the property of burning, which this gas
poffeffes in common with all other combuftible
bodies, is merely the power of decompofing
air, and carrying off its oxygen from the calo-
ric with which it is combined, it is eafily under-
ftood that it cannot burn, unlefs in conta& with
air or oxygen gas. Hence, when we fet fire to
a bottle full of this gas, it burns gently, firft at
the neck of the bottle, and then in the infide of
it, in proportion as the external air gets in:
This combuftion is flow and fucceffive, and on-
ly takes place at the furface of conta@ between
the two gafes. It is quite. different when the
two gafes are mixed before they are fet on fire ;-
If, for inflance, after having introduced one
part of oxygen gas into a narrow-mouthed
battle, we fill it up with two parts of hydrogen
gas, and bring a lighted taper, or other burn-
ing body, to the mouth of the bottle, the com-
buftion of the two gafes takes place inftanta-
neoufly with a viclent explofionn. This experi- .
ment ought only to be made in a bottle of .very
ftrong green glafs, holding not more than a

- pint, and ftrongly wrapped round with twine,

otherwife the operator will be expofed to great
danger
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danger from the rupture of the bottle, of which
the fragments will be thrown abaut with great
force.

If all that has been related above, concern-
ing the decompofition of water, be exa&ly con-
formable to truth ;—if, as I have endeavoured
to prove, that fubftance be really compofed of
hydrogen, as its. proper conftituent element,
combined with oxyges, it ought to follow, that

by reuniting thefe two elements together, we
fhould recompofe water ; and that this actual-

ly happens, may be judged off by the following
experiment.

E.x:pqrz'mept Faurth. | , .

. - I took n large cryfial balloon, A, Pl. IV. Fig. 5.
bolding about 30 pints, having a large opening,
to which was cemented the plate of copper
B C, pierced with four holes, in which four
tubes terminate. The firft tube, H h, is in-
tended to be adapted to an air-pump, by which
the balloon may be exhaufted of its air. The
fecond tube gg, communicates, by its extremi-
ty MM, with a refervoir of oxygen gas, from
which the ballon is to be filled. The third
tube d D d’, communicates, by its extremity
dNN, with a refervoir of hydrogen gas. The
extremity d’ of this tube terminates in a ca-
) pillary
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pillary opening, through which the hydrogen
gas contained in the refervoir, is forced, with a
moderate degreée of quicknefs, by the preffure of
“one or two inches of water. The fourth tube
contains a metallic wire GL, having a knob at
its extremity L, intended for giving an eletri-
cal fpark from L to d’, on purpofe to fet fire to
the hydrogen gas : This wire is moveable in the
tube, that we may be able to feparate the knob L
from the extremity d’ of the tube D d’. The
tliree tubes d D d’ gg, and Hh, are all provxded
with ftop-cocks.

That the hydrogen gas and oxygen gas may
be as much as poffible deprived of water, they
are made to pals, in their way to the balloon A,
through the tubes MM, NN, of about an inch
diameter, and thefe are filled with falts, which,
from their deliquefeent nature, greedily attra&
the moifture of the air: Such are the acetite.
of potafh, and the muriat or nitrat of lime*.
Thefe faltt muft only be reduced to a coarfe
powder, left they run into lumps, and prevent
the gafes from getting through their interfti--
ces. , :

We muft be provided before-hand with a
{ufficient quantity of oxygen gas, carefully pu- .
Vou. 1. : K  rified

* See the nature of thefe falts in the fecond’ part of .
this book -A. S .
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rified from all admixture of carbanic acid, by
long conta& with a folution of potafh *,

 We muft likewife have a quantity of hydro~
gen gas, equal to twice the bulk of the oxygen
gas, and contained in a {eparate refervoir : this
mutt be carefully purified in the fame manner by
long conta& with a folution of potath in water.
- The beft way to obtain this gas free ffom mix-
ture is, by decompofing water with pure foft iron,
as dire@ed in Exp. 3. of this chapter.

- Having adjufted every thing propexly, as a-
bove directed, the tube H h is adapted taan ajr-
pump; and the balloon A is exhaufted of its air.
We next admit the oxygen gas, fo as to ll the
balloon ; and then, by means of preflure, as is
before -mentioned, force. a {mall ftream of hy-
drogen gas, thraugh its tube D d’, to which we
immediately fet fire by ‘an electrical {park.
By means.of the above:defcribed apparatus, we
can continue the mutual combuftion of thefe
two gafes for a long time; as we‘have the
power of fupplying them, to the balloon, from
their refenvon's, in proportion as .they are con-

fumed.

* By potafh is here meant, pure or cauftic vegetable al-

- kali, deptived of carbonic acid by means of quick-lime.

In general, we may obferve here, that all the alkalies and

earths muft invariably be confidered as in their pure or

cauftic flate, unlefs otherwife exprefled.—T. The me-

thod of obraining this pure alkali of potath will be gwen
in the fcquel —A.
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- {fymed. I hagve i another place * given a mi-
nute defeription of the apparatus ufed in this ex-
. periment, and have explained the manner of af-
certaining the quantities of the gafes confumed
with the moft {fcrupulous exaitude,

In proportion to the advancement of the
ecombuftion, there is a depofition of water upon
the inner furface of the balloon or matrafs A :
The water gradually increafes in quantity, and,
gathering into large drops, runs down to the
bottom of the veflel. It is eafy to afcertain
the quantity of water colletted, by weighing
‘the balloon both' before and after the experi-
ment. Thus we have a twofold verification
of our experiment, by alcertaining both the
quantities of the gafes employed, and of the
water formed by their combuftion: Thefe two
quantities muft be equal to each other. By
an operation of this kind, Mr Meufnier and I
“afcertained that it required 85 parts hy weight,
of oxygen, united to 15 parts of hydrogen, to
compofe one hundred parts of water. This ex-
periment, which has not hitherto been publifh-
ed, was made in prefence of a numerous com-
mittee from the Academy of Sciences. We.ex- -
arted, on that occafion, the moft {crupulous at-
tention to accuracy ; and have reafon to bg-

K2  lieve

* See the third part of this work.—A.
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lieve that the above proportions cannot vary.a
two hundredth part from abfolute truth.

From thefe experiments, both analytical and
{yntheti¢, we may now affirm, that we have af-
certained with as much certainty as is poffible
in phyfical or chemical fubjefts, that water is
not a fimple elementary {ubftance, but is compo-
fed of two elements, oxygen and hydrogen ;
which elements, when exifting feparately, have
fo ftrong an affinity for caloric, as only to fubfift
under the form of gas in the common tempera-
ture and preffure of our atmofphere. :

This decompofition and recompofition of wa-
ter is perpetually operating before our eyes, in
the temperature of the atmofphere, by means
of compound ele&ive attractions. We fhall pre-
fently fee that the phenomena attendant upon
vinous fermentation, putrefaition, and even ve-

-getation, are produced, at leaft in a certain de-

gree, by the decompofition of water. It is very
extraordinary that this fa& fbould have hitherte
been overlooked by natural philofophers and
chemifts. Indeed, it firongly proves, that, in
chemiftry, as in natural philofophy, it is ex-
tremely difficult to overcome prejudices imbibed
in early education, and to fearch for truth in
any other road than the one we have beea ac.
cuftomed to follow. ’ :
I fhall finifh this chapter with an account of
an experiment, much lefs demonftrative indeed

than -
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than thofe already related, but which has ap-
peared to make more impreffion than any other
upon the minds of many. When 16 ounces of al-
cohol are burnt in an apparatus * properly adapt-
ed for colleting all the water difengaged during
the combuftion, we obtain from 1% to 18 ounces
of water. As no fubftance can furnifh a pro-
du& larger than its original bulk, it is evident
that fomething muft have united with thae alco-
hol during its combuftion; and I have already
fhewn that this muft be oxygen. Thys alco-
hol contains hydrogen, which is one of the ele-
ments of water; and the atmofpheric air con-
tains oxygen, which is the other element necef-
fary to the compofition of water . This expe-
riment is a new proof that water is a compound
fubftance, h

K 3 CHAP.

* See an account of this apparatus in the third part of
this work.—A.

+ A large quantity of carbonic acid gas is likewife dif-
engaged during the combuftion f alcohol : this proceeds .
from the combination of carbon, contained along with hy-
drogen in the compofition of the alcohol, with oxygen
during the combuftion. This latter circumftance is ex-
Plained at large in the after parts of this work.—T.

.

-
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CHAP. IX.

Of the Quantities of Caloric difengaged during dif-
‘ Jerent Species of Combuflion.
T Has Peen already mentioned, that when
equal quantities of different bodies are burnt
in the centre of a hollow fphere of ice, and are
fupplied with air at the temperature of 32°,
the quantities of ice melted from the infide of
the fphere, become meafures of the relative
quantities of caloric difengaged during the fe-
veral combuftions. Mr de la Place and I have
given a defcription of the apparatus employed
for this kind of experiment, in the Memoirs of
the Academy for 1780, p. 355 ; and a defcrip-
tion and plate of the fame apparatus will be
found in-the third part of this work. With this
apparatus, phofphorus, charcoal, and hydrogen
gas, gave the following refults.
One pound of phofporus melted 100 Izb:
of ice.
" One

* In the original, the quantities refulting from the fe-
veral experiments mentioned in this Chapter, are given
in pounds, ounces, gros, and grains; but as the fubjeét is
_curious and interefting, they are here reduced to decimals
of the pound, by which they bécome equally ufeful to tbc
Brmfh as to the French reader. -T. =

.
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‘One i)ound of charcoal melted g6.5 /ibs.

One pound of hydrogen gas melted 295.5895
libs. .

As a concrete acid is formed by the combuf-
tion of phofphorus, it is probable that very little
caloric remains in the acid ; and, confequently,
that the above experiment gives us very nearly
the whole quantity of caloric contained in the
oxygen gas. Even if we fuppofe the phofphoric
acid to contain a good deal of caloric, yet, as
the phofphorus muft have contained nearly an
equal quantity before combuftion, the error muft
be very fmall, as it will only confift of the dif-
ference between what was contained in the phof-
phorus before, and in the phofphoric ac1d after
combuftion.

Ihave already (hown, in Chap V. that one
pound of phofphorus abforbs one pound eight
ounces of oxygen during combuftion ; and, fince
by the fame operation, 100 {ibs. of ice are melt-
ed, it follows, that the quantity of ealoric con-
tained in one pound of oxygen gas is capable of
melting 66.6667 /ibs. of ice.

- One pound of charcoal during combu[hon
melts only g6.5 /ibs. of ice, while it abforbs
2.5714 libs. of oxygen. By the experiment
with phofphorus, this quantity of oxygen gas
ought to difengage a quantity of caloric fuffi-
cient to melt 171.414 libs. of ice ; confequent-
ly, during this experiment, a quantity of coloric

K4 fufficient
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fufficient to melt 74.914 kbs. of ice difappears,
Carbonic acid is not, like phofphoric acid, in'a
concrete ftate, after combutftion, but in the ftate
of gas, and requires to be united with caloric to
enable it to fubfift in that ftate ; and the quan,
ty of caloric which is miffing in the laft expe-
riment is evidently employed for that purpofe,
When we divide that quantity by the weight
of carbonic acid, formed by the combuftion of
one pound of charcoal, we find that the quan-
tity of caloric, neceffary for changing one pound
of carbonic acid from the concrete to the gafeous
ftate, wauld be capable of melting 20.9766 libs,
of ice.

We may make a fimilar calculation with the
combuftion of hydrogen gas and the confequent
formation of water.: During the combuftion of
one pound of hydrogen gas, 5.6667 libs. of oxy-
gen gas are abforbed, and 295.5895 /ibs. of ice
are melted. But 5.6667 /bs. of oxygen gas,
in changing from the aériform to the folid ftate,
lofe, according to the experiment with phofpho-
rus, enough of caloric to have melted 377.7534
libs. of ice. There is only difengaged, from the
fame quantity of | oxygen, during its combuf-
tion with hydrogen gas, as much caloric as melts
295.1523 libs. ; wherefore there remains in the
water at 32°, which is formed during this ex-
periment, as much caloric as would melt §2.6211
libs. of ice, i
' Hence,
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Hence, as 6.6667 libs. of water are formed,
{rom the combuftion of one pound of hydrogen
gas, with 5.6667 /ibs. of oxygen; it follows,
that in - each pound of water, at the tempera-
ture of 32°, there exifts as much caloric, as
would melt 12.2708 lids. of ice ; without taking
into account the quantity originally contained
in the hydrogen gas, which we have been ob-
liged to omit, for want of data to calculate its
quantity *. From this it appears, that water,
" even in the ftate of ice, contains a confider-
able

* From the general principles of the new chemical phis
lofophy, hydrogen gas ought to contain a much larger
quantity of caloric for giving ‘it the gafeous ftate than
oxygen gas. Being thirteen times as rare, it may be fup-
pofed to contain thirteen times as much caloric. Hence,
if all the caloric of the two gafes were difengaged during
their combuftion, and the confequent formation of water,
1244.4167 kbs. of ice thould have been melted ; but-only
2Q§.1523 /ibs. are melted ; and therefore, on this fuppofi-
tion, the remaining caloric in 6.666% Zbs. of water would
be able to melt 94.92643 Zbs. of ice; or each pound of
water at the temperature of 32°, fhould contain as much
qaloric as is fufficient to melt 142 /ids. of ice nearly, which
is abfurd ; for one pound of water, at 329, muft contain
precifely as much caloric as is neceflary to melt one pound
of ice, ' This fhews the fallacy of all reafonings drawn
from the fuppofable quantities of caloric in bodies; and
that we are hitherto very far from poffefling any accurate
knowledge of that part of chemiftry in which caloric is
soncerned.—T.
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able quantity of caloric, and that oxygen, in en-
tering into the combination, ‘retains likewife a
good proportion.

From thefe experiments, we may affume the
following refults as fufficiently eftablifhed.

Combuftion of Phofphorus.

From the combuftion of phofphorus, as related
in the foregoing experiments, it appears, that one
.pound of phofphorus requires 1.5 /ib. of oxygen
gas for its combuftion; and that 2.5 Zibs. of
concrete phofphoric acid are produced.
The quantity of caloric difengaged by

the combuftion of one pound of

phofphorus, exprefled by the num-

ber of pounds of ice melted during

that operation, is - - ° 100.00000
The duantity difengaged from each

pound of oxygen, during the com-

buftion of phofphorus, exprefled in

the fame manner,is - - 66.66667
The quantity difengaged during the

formation of one pound of phof-

phoric acid, is - - - 40.00000

The quantity remaining in each pound
of phofphoric acid, is * - 0.00000
Combuftion

* We here fuppofe the phofphoric acid not to ¢ontain
any caloric, which is not ftriély true ; but, as I have before
’ obferved,
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Combuftion of Charcoal.

1n the combuftion of one pound of charcoal,
2.5714 libs, of oxygen gas are abforbed, and
3.5714 libs. of carbonic acid gas,are formed :
Hence, the .
Caloric difengaged during the com-

buftion of one pound of charcoal *, 96.50000
Caloric difengaged during the com-

buftion of charcoal, from each

pound of oxygen gas abforbed, 37-52823
Caloric difengaged during the forma-

tion of one pound of carbonic acid

gas, - - - - - 27.02024
Caloric retained by each pound of

oxygen aftér combuftion, - 29.13844
Caloric neceffary Yor fupporting -one’

pound of carbonic acid in the ftate

of gas, - - - 20.97960

Combuflion of Hydrogen Gas.

In the combuflion of one pound of hydrogen
gas, 5.6667 libs. of oxygen gas are abforbed,
and

obferved, the quantity it really coatains is probably very
fmall, and we have not given it a value, for want of fuf-
ficient data to go upon.—A.

* All thefe relative quantities of caloric are exﬂreﬁ'ed

by the number of pounds of ice, and decimal parts, melt-
ed during the feveral operatiops.—T,
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and 6.6667 /ibs. of water are formed: Hence,
the -
Caloric difengaged from each /ib. of

hydrogen gas ¥, - - 293.58950
Caloric difengaged from'each /ib. of
oxygen gaj, - - 52.16289

. Caloric difengaged during the forma-

tion of each pound of water, - 44.33840
Caloric retained by each Zb. of oxy-

gen after combuftion with hydro-.

gen, - - - - 14.50386
Caloric retained by each /b, of wa-
ter, at the temperature of 32°, 12.32823

Qf the Formation of Nitric Acid.

When nitrous gas is combined with oxygen
gas, fo as to form nitric or nitrous ac1d a de-
gree of heat is produced, which is much lefs
confiderable than what is evolved durmg the
other combinations of oxygen ; whence it fol-
lows, that oxygen, when it becomes fixed in
mtuc acid, retains a great part of the heat

which

* We are no where told upon what data Mr Lavoifier
proceeds for afcertaining the quantity of caloric difengaged’
_during the combuftion of each pound of hydrogen gas. In
a former note I have fuppofed that it might be thirteen
times as much as that of water; hence it would be 628.1 164
infiead of the af;ove number,—T.
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which it poffeffed in the ftate of gas. It is cet-
tainly poffible to determine the quantity of calo-
ric which is difengaged during the combination
of thefe two gafes, and confequently to deter-
mine what quantity remains after the combing-
tion takes place. The firft of thefe quantitics
might be afcertained, by making the combination
of the two gafes in an apparatus furrounded by
ice ; but, as the quantity of caloric difengaged
is very inconﬁ'dérable, it would be neceffary to
operate upon a large quantity of the two gafes,
and in a very troublefome and complicated ap-
paratus. By this confideration, Mr de la Place
and I have hitherto been prevented from ma-
king the attempt. In the mean time, the place
of fuch an experiment may be fupplied by cal-
‘culations, the refults of which cannot be very
far from truth, '

Mr de la Place and I deflagrated a convenient
quantity of nitre and charcoalfin an ice appara-~
tus, and found that twelve pounds of ice were
melted by the deflagration of one pound of nitre.
We fhall fee, in the fequel, that one pound of
nitre is compofed, as under, of

Potath 7 0z. 6 gros 51.84 gr5.=4515.84 grs.
Dry acid 8 1 21.16 =4700.16

The above quantity of dry acid is compofed
of
Oxygen
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Oxygen 6 0z. 3 gros 66.34 grs.=3738.34 &7
Azot 1 ;5 25.82 = 961.82.

By this we find, that, during the above-defla-
gration, 1453 grs. of carbon* have fuffered
combuftion, along with 3738.34 grs. or 6 oz.
348705 66.34gr+. of oxygen. Hence, fince 12 libs.
of ice were melted during the combuftion, it fol-
lows, that one pound of oxygen burnt in the
fame manner would have melted 29.5832 /ibs.
of ice. To which if we add the quantity of
caloric retained by a pound of oxygen, after
combining with carbon to form carbonic acid
gas, which was already afcertained to be capable
of melting 29.13844 Jibs. of ice, we fhall have
for the total quantity of caloric remaining in.a
pound of oxygen, when combined with nitrous
gas in the nitric acid, 58.72164 ; which is the
number of pounds of ice the caloric remaining in
.the oxygen in that ftate is capable of melting.

‘We have before feen, that, in the ftate of oxy-
gen gas, it contained at leaft 66.66667 ; where-
fore it follows, that, in combining with azot to
form nitric acid, it only lofes 7.94502. Farther

experiments

* From this it appears, that the proportions ufed by
Mr Lavoifier were 1 /Zib. 9216 grs. of fitre to 2 gros
1} grs. or 145.34 grs. of charcoal, though he bas not
chofen to mentioa it in dire& terms,—T.
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" experiments -upon, this fubjed are neceflary to
afcertain how far the refults of this calculation
may agree with diret fa@®.. This enormous
quantity of calorig, retained by oxygen in its
combination into nitric acid, explains the caufe
of the great djfengagment of caloric during the
deflagrations of nitre ; or, more ftrictly {peak-
ing, upon all occafions of the decompofition of
nitric acid. '

Of the Combuftion of Wax.

Having examined feveral cafes of fimple com-
buftion, I mean mow to -give a few examples of
a more complex nature. Oné pound of wax-ta-
per being allowed to burn flowly in an ice ap-
paratus, melted 133.1667 /ids. of ice. Acdord-
ing to my experiments, as given in the Memoirs
of the Academy for 17 84, p.’6¢6, one pound of
wax-taper confifts of0.8228 bs: 0f carbon, and
0.1792 Uibs. o!" hydrogen

By ‘the foregoing expen-’ '
ments, the sbove quantity
of carbon cught to melt,  79.39390 libs. of ice;
And the hydrogen .~
fhould melt - . 52.37605
Inall 131.96995 Zibs. -
R Thus
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" Thus we fee, that the quantity of calotis
difengaged from 4 burnihg taper, is nearly con-
formable to what was obtainéd by Burning fe-
parately a quaritity of c¢arbon and hydrogen
equal to what enters igto its compofition. Thefe
experiments with the taper were feveral time$
repeated, fo that I have réafon to believe them
accurate. ' '

Combuftion of Olive-0Oil,

We included a burning lamp, tontaining &
determinate quantity.of olive-oil, in the ordi-
nary apparatus ; .and, when the experiment
~ was finifhed, we afcertained exactly the quan-
tities of oil confumed, and of ice melted ; the
refult was, that, during the combuftion of one
pound of olive-oil, ‘148.8828 /ibs. of ice were
melted. By my experiments in the Memoirs
of the Academy for 1784, and of which the fol-
"lowing chapter contains an abftra®, it appears,
that one pound of olive-oil confifts of 0.7896
libs. of carbon, and 0.2104 libs. of hydrogen.
By the foregoing experiments, that quantity
of carbon fhould melt 76.18723 Uids. of ice,
and the quantity of hydrogen in a pound of
the oil fhould melt 62.15053 /ibs. The fum of
thefe two gives 138.33776 kbs. of ice, which
the two conftituent elements of the oil would
have melted, had they feparately fuffered com-
buttion,
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baftion; whereas the 6il had really ‘melted
148.8833p Jibss which gives an excefs of 16.54554
in' the tefult.of .the experiment, above the: c3l~
culated refult, from dar.a furnithed by. former
_experiments. i

This difterence, which is by no. means,very
confiderable, may arife from errors which are
unavoidable in experiments of this nature, or
it may be owing to the compofition of oil net
being as yet exactly afcertained : It proves, how-
ever, that there is a great agreement between
the refults of our experiments, refpe@®ing the
combination of caloric, and thofe which regard
its difengagement.

The following defiderata ftill remain to be
determined ; viz. What quantity of caloric is
retained by oxygen, after combining with me-
tals to convert them into oxyds ; What quanti-
ty is eontained by hydrogen, in its different
ftates of exiftence ; and, To afcertain with more
precifion than is hitherto attained, how much
caloric is difengaged during the formation of

. water, as there ftill remain confiderable doubts
with refpe& to our prefent determination of this
point, which can only be removed by farther
experiments. We are at prefent occupied with
this inquiry; and, when thefe feveral points
are well afcertained, which we hope they will
foon be, we fhall probably be under the necef-
fity of making confiderable corrections upon”

Vor. L. L moft
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moft of the refults of the. experiments and cal-
ctilations in this chapter. I did not, however,
confider this as a.fufficient reafon for withhold--
ing fo much as is already known, from fuch as
may be inclined to labour upon the fame fubje&.
It is difficult in our endeavours to difcover the
principles of a new fcience, to avoid beginning
by conjeCture ; and it is rarely poflible to attain
perfection at the firft fetting out.

CHAP.
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CHAP. X.

Of the Combinations of Gombuftible Subflances
with each other.

S combuftible fubftances in general have
A great affinity for oxygen, they ought
likewife to attra®, or tend to combine with,
each other ; Que funt cadem uni tertio, funt ea-
dem inter fe; and the axiom is found to be
true. Almoft all the metals, fot inftance, are
capable of uniting: with each other, and of
forming what aré called alloys* in common
language, Moft of thefe, like other chemical
tombinations, dare fufceptible of feveral degrees
of faturation. The greater number of alloys
are more brittle than the pure metals of which
they are compofed, elpecially when the metals
alloyed together are ‘confiderably different in

’ L2 _ their

# This term alloy, which we have from the language
of the arts, ferves exceedingly well for diftinguifhing
all the combinations or intimate unions of metals with
<ach- other; and is adopted in our new nomenclature for
that purpofe.~—A.
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their degrees of fufibility. To this difference

in fufibility, part of the phenomena attendant

upon alloyage are owing; particularly that
property of iron called by workmen bot/bort.
This kind of iron muft be confidered as an al-
loy or mixture of pure iron, which is almoft in-
fufible, with a fmall portion of fome other me-
tal, which fufes in a much lower degree of heat :

So long as this alloy remains cold, and both me-

~ tals are in a folid ftate, the mixture is mal-
leable ; but when heated to a fufficient degree
to liquify the more fufible metal, the particles
. of this liquid metal, which are interpofed be-
tween the particles, of the folid iron, muﬁ de-
froy.their continuity, and occaﬁon the alloy to
become brittle. The alloys of mercury, with the
other metals, have ufually been cailed ama{gam.r,
and we fee mo inconvenience from continuing
the ufe of that term.

Sulphur, phofphorus; and carbon, readily -

unite with metals. Combinations of fulphur

with metals are ufually named pyrites. Their .

combinations with . phofphorus and carbon are
either not yet named, or have received new
‘names only of late, wherefore we have not
ferupled to change them according to our
prmcnples. _ The combmatlons of metal and
fulphur we call fulpburets, thofe with phofpho-
rus phafphurects, and tho{e formed. with carbon
: . Sl - carburets.
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carburets®. Thefe depominations are extend-
ed to 2ll the combinations into which the above
threg fubftances enter, without being previopf-

" ly oxygeniated. Thus, the combination of {ul-
phur with ‘potafh, or fixed vegetable alkali, is
called fulphuret of potafh ; that which it forms
with ammoniac, or volatile alkall, is termed ful-
pharet of ammoniac.

Hydrogen is likewife capable of combining
with many combuftible fubftances: In the ftate
of gas, it diffolves carbon, fulphur, phofphorus,
and feveral metgls : we diftinguifh thefe combi-
nations by the terms carbonated bydrogen gas,
Julpburated bydrogen gas, and phofpborated by-

" drogen gas. The fulphurated hydrogen gas was
called bepatic air by former chemifts; or fetid
air from- fulpbur, by Mr Scheele: The virtues
of feveral mineral waters, and the foetid {mell
of animal excrements, chiefly arife from the pre-
fence of this gas. The phofphorated hydrogen
gas is remarkable for the property, dilcovered

L3 by

# In the French nomendature, thefe compounds are
named foslpbures, phofpbures, and carbures ; but, though
thefe terms may be fufficiently diftinguifhable from fouffre,
phofpbore, and carbone, they are not, efpecially the two
firft, diftin@ enongh in Englith : I have therefore cho-
fen to borrow ‘the new Englith terms in the text, from
the Latin edition of the new nomenclature, where they
are called refpeQiyely /ulpburmum, pbo/pberettxm, and
carburettum.—T.
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by Mr Gengembre, of taking fire {pontaneouf-
ly upon getting into conta@® with atmofpheric
air, or, what an{wers better, with oxygen gas;
This gas has a ftrong flavour, refembling that
ef putrid fith ; and it is very probable that the
phofphorefcent quality of fifh, in the ftate of
putrefaction, arifes from the efcape of this fpe-
cies of gas. When hydrogen and carbon are
combined together, without the intervention
of caloric to bring the hydrogen into the ftate
of gas, they form oil, which is either fixed or
volatile, according to the proportions of hy-

_drogen and carbon in its compofition ®*. The
chief difference between fixed or fat oils drawn
from vegetables by expreflion, and volatile or

- effential qils, is, that the former contains an ex-
cefs of carbon, which is {feparated when the oile
are heated above the degree of boiling water ;
whereas the volatile oils, containing a juft pro-
portion of thefe two conftituent ingredients, are
‘not liable to be decompofed by that heat, but,
uniting with caloric into the gafeous ftate, pafs
over in dli’ullatlon unchanged

In

t

* We fhall afterwards fee, that oil contains oxygen,’
combined with the above-mentioned ingredients, and thag
it is a hydro-carbonous or carbono-hydrous oxyd ; hence
the difference between the various kinds may in part be
awing to their different degrees of oxydation, as well ag
to the propomons of the other mgredsen(s.-—'f.
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In the Memoirs of the Academy for 1784,
P- 593. I gave an account of my experiments
wupon the compofition of oil and alcehol, by the
union of hydrogen with carbon, and of their
combination with oxygen. By thefe experi-
ments, it appears-that fixed oils combine with
oxygen during .combuftion, and are thereby
converted into water and carbonic acid. By
means of calculation, applied to the produ@s
of thefe experiments; we find that fixed oil
is compofed of 21 parts, by weight, of hydro-
gen combined with 79 parts of carbon. Per-
haps the (olid fubftances of an oily nature, fuch
as wax, contdin a- proportion of oxygen, to
which they owe their ftate of folidity. I am
at prefent engaged in a feries of experiments,
which I hope will throw great light on this fub-
jedt. &

It is worthy of being examined, whether hy-
drogen in its concrete ftate, uncombined with
caloric, be fufceptible of coinbination with ful-
phur, phofphorus, and the metals. There is
pothing that we know of, which, a priori,
fhould render thefe combinations impoffible ;
for combuftible bodies being in general fuf-
ceptible of combination with each other, there
is no evident reafon for hydrogen being an ex-
ception to the rule: However, no diret ex-
‘periment as yet eftablifhes either the pofiibi-
‘hty or lmpoﬁibxlxty of this union; Iron and

Ly ©~ zinc
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ginc- are the moft’likely, of all the. metals, for
entering into combination with hydrogen; but,
as thefe have the property of decompofing wa-
ter, and as it is very difficult tb get'entirely
free from moifture. in chemical experiments,
it i¢ hardly poflible to determine whether the
finall portions of hydrogen gas, obtained in cer-
tain experiments with thefe metals, were pre-
vioufly combined with the metal in the ftate
of folid hydrogen, or if they were produced
by the decompofition of a minute quantity
of water. The more care we take .to prevent
the prefence of water in thefe experiments,
the lefs is the quantity of hydrogen gas pro-
cured ; and when very accurate precautions are
employed, even that quantity becomes hardly
fenfible. :

However this inquiry may turn out refpect-
ing the power of combuftible bodies, as ful-
phur, phefphorus, and metals, to abforb hy-
) drogen, we are certain that they only abferb a
very fmall portion ; and that this combination,
inftead of being effential to their conftitution,
can only be confidered as a foreign fubftance,
which contaminates their purity. It is the
province of the’advocates ¥ for this fyftem to
‘ ’ prove

® By theft are meant thafc fupporters of the phlogiftic
theory, who cenfider bydrogen, or the bafe of inflam-
mable air, as the phlagiftop of the celebrated Stahl.—T.
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prove by decifive experiments, the real exift-
ence of this combined hydrogen, which they
have hitherto only done by conjectures founded
upon {uppofitions. ‘

CHAP.
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CHAP XIL

Obfervations upon Oxyds and Acids with come

pound Bafes,—and on the Compofition of Vege~
table and Animal Subfiances.

E have, in Chap. V. and VIII. examined
- the produ@s refulting from the combuf-
tion of the four fimple combuftible fubftances,
fulphur, phofphorus, carbon, and hydrogen :
We have fhewn, in Chap. X. that the fimple
combutftible fubftances are capable of combining
with each other into compound combuftible fub-
ftances, and have obferved that oils in general, -
and particularly the fixed vegetable oils, belong
to this clafs, being compofed of hydrogen and
carbon. It remains, in this chapter, to treat of
the oxygenation of thefe compound combpiﬁlgle
fubftances, and to fhow that there exift acids an}i
oxyds having double and triple bafes. Nature
furnifhes us with numerous examples of this kind
of combinations, by means of which, chiefly, fhe
1§
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" jsenabled to produce a vatt variety of compounds,
from a very limited number of elements, or fim-
ple fubftances. .

It was long ago well known, that, when mu-
riatic and nitric acids were mixed together, a
compound acid was formed, having properties
quite diftin& from thofe of either of the acids
taken feparptely. This acid was called aquq
regia, from its moft celebrated property of dif-
folving gold, called king of metals by the alchy-
mifts, Mr Berthollet has ditin&ly proved, that
the peculiar properties of this acid arife from the
combined a&ion of its two acidifiable bafes, and,
. for this reafon, we have judged it neceflary to
diftinguifh it by an appropriate name: that of
nitro-muriatic acid appears extremely applicable,
from its expreffing the nature of the two fub-
ftances which enter into its compofition,

. This phenomenon, of a double bafe in one
acid, which had formerly been obferved only in
the nitro-muriatic acid, occurs confinually in
the vegetable kingdom ; in which a fimple acid,
or one poflefled of a fingle acidifiable bafe, is
very rarely found. Almoft all the acids pro-
curable from this kingdom have bafes com-
pofed of carbon and hydrogen, or of carbon,
hydrogen, and phofphorus, combined with more
or lefs oxygen. All thefe bafes, whether double
pr triple, are likewife found in the fate of oxyds,

' having
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having: ‘lefs oxygen than-is neceffary to give
them the properties of acids. The acids and
oxyds from the animal kingdom are ftill more
compound, as their bafes gederally confift of a
combination of carbon, phofphorus, hydrogen,
and azot. .

~ "As it is but of late that T have acquired any

clear and dlﬁm& notions of théfe fubftances, I
thall not in this place enlarge much’ upon the
fubjeét, which I méan to treat of vcry fully in '
fome memoirs I am preparmg to 'lay before the
Academy. Moft ‘of my experiments are already
performed ; but, to be able to giire exact re-
ports of the rcfultmg quantities, it is neceffary
that they be carefully repeated, and increafed in
number : Whereforc, T fhall only give 'a fhort
enumeration of the vegetable and ‘animal acids
and oxyds, and terminate this aiticle by a few
- refleions upon the compofition of vegetable and :
animal bodies.

. Sugar, mucus, under which term we include
the different kinds of gnms, and ftarch, are ve-
'gétéble oxyds, having hydrogenand carbon com-
" bined, in different proportions, as their radicals
or bafes, and united with oxygen, {o as to bring
them to the ftate of oxyds. From this ftate of
oxyds, they are capable of being changed into
acids, by the addition of a freth quantity of oxy-

gen ; and, according to the degrees of oxygena-
tion,
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tion, and the preportion of hydvogen:and ear<
bon in their bafes, they form the Ieverdl kmds oE
vegetable acids. -
. It would be eafy to apply the prmplea of
out nomenclature to give. names to:thefe vege-
table acids and oxyds, by ufing the: names of
the two fubflances which compofe their. bafes :
They would thus become hydro carbonous a:
cids and oxyds. .In this way, we might inl
-dicate which of their elements. exified in ex-
cefs, without circumlocution, :ufter the man-
ner ufed by Mr Rouelle, for maming the ve-
getable extra@s :  He calls thefe extradto.reb
finous, when the extradive matter prevails-in
their compofition, and refino-extractive; whes
they contain @-latger proportion of refinoss
matter. Following that plan, and by vary:
ing the terminations eccording to- the' former-
ly eftablithed rules: of our:nometiclatiite, we
have ‘the ' following denomifationd's Hypdrg:
carborious, -Aydro-carlanic,: cdfbons-liydrous;
and carbono-hydric,'éxyds. " And, fov- the a:
cids :: Hydro.carbonoisy -hydta-éarbonic; ‘oxy-
gendted * hydrot catbonic § cabBéro - hydrous;
carbono-hyd-né -and / oxygenate& garbeno‘hy-
d“c:« L STEEN U I | PR .
Tt s probavle, E&xat 'me above ¢erms woﬁ}d
fuffice for indicatirg all the  varieties in matire;
and that, in proportzon @8’ the vegetable 2614
becomes
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"8 Pyro-mucuus 8- 10, QGallic acid.

ed - : "11. Beotoit acid.
9« Pyro-lignous a— 12, Camghotic utid.
- eid. SR 13 Suceinic acid*

i

Though alk tbe!'e aéxds, as has- been already
faid, are chiefly, and almoft entirely cosipofed
of hydrogen, carbon, and oxygen, yet proper-
1y fpeaking, they contain neither water, catbo-
nic’ acid, nor' oil, but only the elements necef+
fary for forming thefe fubftances. The power
of affinity reciprocally exerted by the hydrogen,
carbbn, and'oxygef;, in thefe acids, is in a ftate
of equilibrium, that is; only capable of -exifting
in the ordinary temperature of the atmofphere :
¥or, when they are heated but a very little a-
bove the temperature of boiling watet, this equi-
librium is deftroyed ; part of the oxygen and hy-
drogen unite, and form water ; part of the car.
" bon and hydrogen combine into oil ; part of the
carbon and oxygen unite to form carbonic acid 3
and, laftly, there.generally remains a {mall por-
tion of carbon, which, being in excefs with re-
‘ fpe& to the other ingredients, is lcft free. I

e e mesan

» To thel'e 1 lately added the Soberic acid ; dn ac-
count of which is inferied in this edmon, Part 11, Séd.

xlvii. = See Contents ~—T.
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mean to explain this fubje® fomewhnt further
ip the fucceeding Chapter.

The oxyds of the animal kmgdom are hi-
therto lefs known than thofe from the vege-
table kingdom, and their number as yet is not
at all determined. The red part of the blood,
lymph, and moft of the fecretions, are true
oxyds, under which point of view it is very
important to confider them. We are only ac-
quainted with fix animal acids, feveral of which,
it is prabable, approach very near each other
in their nature, or, at leaft, differ only in a
fecarcely fenfible degree. I do not include
the phofphoric acid amongft thefe, becaufe it
is found in all the kingdoms of nature. They
are,

1. La&ic acid. 4. Formic acid.
2. Saccho-la&ic acid. 5. Sebacic acid.
3. Bombic acid. 6. Pruffic acid *.

The conne&ion between the conftituent ele-
ments of the animal oxyds and acids is not
more permanent than in thofe from the vege-
table kingdom, as a {mall increafe of tempera-

Vor. L. M . ture

# To thefe muft now be added the Zoonic acid; an
account of which is added to this Edition, Part IT,

Se&. XLVIL.~T.
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-tare” is fufficient to. overturn the equilibriem.
I hope to render this fubje@t mere diftin&t in
‘the following €hapter than has been done hi-
‘therto. ‘ ' .

ADDPITIONAL
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ADDITIONAL SECTION BY THE TRANSLATOR. '

Of the Proximate Elements of Vegetable and Ani-
mal .)'ub_/lance: *, :

N addition to the foregoing fhort, yet clear, a¢--
count of the ultimate chemical compofition of
vegetable and animal fubftances, the tranflator
prefumes it may be ufeful to give an abftra& of"
what are termed the proximate elements of thofe -
bodies. Thefe are fuch products of animal dnd-
vegetable fubftances, as are formed by the com-
binations of their ultimate or fimple- elcments,'
and the mixture or combination of thefe com-
pounds with oxygen ; and moft, if not all ‘of
them, are carbono-hydﬂc or hydre-carbonic
radicals, with more ‘or lefs oxygen ‘eombined ;
fome of them having an "addition of azot, or
other fimple element, in‘the compofition of the
radical. Thefe proximate elements arrange
themfelves, according-to the prefent ftate of’
our knowledge, into a limited number of what
may be called genera, each of which'have their
diftinguifhing chemical and fenfible properties §’
and accordmg as cach particularly from the ve-
M2 . getable

- The whole of this Sedtion is added by the Tranﬂa‘-
tor to this fifth edition.—T.
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getable kingdom, is more or lefs mixed with
other proximate elements, the genus is farther
divifible into fpecies, which may be denomina-
ted from the particular vegetable or animal
from which it is procured. Thus, fugar is a
proximate element of many vegetables, and fo
far is a genus in which honey is likewife inclu-

ded : Bat, as procurable from fugar-cane, maple,

and rhany other vegetables, it poflefles very dif-
- ferent taftes and flavours, probably owing to the
" mixtyre or combination of other proximate ele-
ments, which communicate fpecific differenees.

This curious branch of chemiftry is only in its
infancy ; but promifes very interefting, and
probably important refults, ,

" Thefe proximate elements are procured by
expreflion ; by infufion in water, alcohol, or
. other menftrua, hot or cold ; by diftillation with
water or alcohol; by fermentation, putrefac-
tiqn, deftructive diftillation, oxygenation by
means of decompofible acids, combuftion, and
other methods of analyfis: And, by fome of
thofe analytical methods, they are farther refol-
vable into the ultimate or fimple chemical ele-
ments. ‘

§ 1. Proximate Elements of Vegetables.

2. Mucilage or Gum exudes naturally from
many vegetables in a very pure ftate, and is
| procurable |




OF CHEMISTRY. 181

procurable from others by watery infufion.
When pure, it is folid, brittle, and fomewhat
tranfparent ; perfe@ly inodorous, and almoft to-
tally infipid. It .is foluble in water, forming a
vifcid or glutinous liquid : Infoluble in oil ox
alcohol. When triturated with,oil or refin, it
renders them perfeily diffufible in water. Its

, folution does not undergo vinous fetmentation ;
‘but, efpecially when dilute, with accefs ‘of air,
it oxygenates, and is converted into pyromucous
acid. Treated withnitric acid, it becomes ftrong-
ly oxygenated, and oxalic acid is formed ; with
oxymuriatic acid, nitric acid is produced. By
deftrucive diftillation, pyromucous acid, carbo-
nic acid, hydro-carbonic gas, and ammoniac,
come over; and the refiduum confifts of char-
coal containing lime. .Its ultimate.elements,
therefore, are hydrogen, carbon, azot, lime and
oxygen.

2. Starch or Fecula is a principal produc
from farinaceous grains and roots, from which
it is procured by trituration and maceration in
a large quantity of cold water ; being thus fe-
parated. from the other materials, in alight pul-
verulent form, by decantation and f{ubfidence,

,and is, laftly, dried for ufe. At firt, it is fre~ .
quently grey, and often flocculent; but, by al-
.lowiog the liquid in which it fwims to become
* fous, the. matters which contaminate its purity
are oxygenated and diflolved. .When pure, it
M3 is
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gluten remains in a fibrous, elaftic, vifcid mafs.
It is infipid, inodorous, of a greyifh colour, in-
foluble in water, and flightly foluble in alcohol.
It diffolves in acids, and in alkaline folutions ;
being precipitated from acid folutions by the al-
Kalies, and from afkaline folutions by the acids.
On expofure to a moift atmofphere, it putrefies
like animal fubftances. With nitric acid, it is
changed to oxalic acid, a large quantity of azo-
tic gas being difengaged. In clofe veffels, it af-
fords a large quantity of ammonia, with car-
bonic acid and empyreumatic oil. Hence, its
ultimate elements are carbon, hydrogen, azot,
and oxygen.

5. Vegetable Albumen is combined or mixed
with gluten in flour of wheat or other grain. ‘Ft
diffolves -in cold water, from which'it feparates
by beat, or the addition of alcehel, in light
flakes. It is foluble in the alkalies, is-liable to
putrefaction, and gives over ammonia in deftruc-~
tive diftillation. Hence, its ultimate elements
are fimilar to thofe of glutén, from which it dif-
fers in being foluble in cold water.

Gluten and albumen feem to form the chief
ingredients of yeaft or barm ; and from them- it
probably arifes, that wheaten bread undergoes
the vinous fermentation, by which it-is raifed,
or rendered light and porous, and does not fo'rea-
‘dily become four as the bread from other graim.

- .

-~
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6. Fexed oi}is'moftly procured from the fruits
or ‘feeds of vegétables, by expreflion, or by des
coftion with water. When pure, ‘it is inodo-
rous, and almoft perfetly-infipid ; but is often
mixed with the mucilaginous or extra&ive mat- .
ter of the vegetable from which it is extradted ;
from which it acquires‘tafte and odour, and-by
which the oxls of particular vegetabjes are di-
‘ftinguithed ‘from ‘each other. Cold-drawn oil
is more pure than when exprefled with ‘the
‘aid of heat, or extra@ted by deco@ion. Fixed
~oils are thick and un&uous, lighter than water,
cengeal by expofiire to cold, and-fome are even
‘concrete in the ufual temperature. Fixed oil is
infoluble in water or alcohol. Expofed to warm
-air, it abforbs oxygen, becomes thick and -co-
loured, -acquires a difagreeable odour, -and ‘a
fharp unpleafant tafte, changing to what is call-
ed rancefcence. It boils at 600° of F;ihrenheit,
‘18 -changed ‘mto vapour which-is readily -infla- °
myd, and ‘is thereby converted into watet and
-éarbonic acid. ‘Without materially raifing-its
‘temperature, it burns imperfeétly in a2 common
lamp, giving out a confiderable quantity of
fmoke, which confifts of carbonaceous matter
and empyreumatic oil. With a very flendér
wick, or a eylindrical one properly managed, it
"is almoft totally converted into water and car-
bonic acid, as in the combuftion -of its vapeur.
'By dnlhllmon n clofe veflels, it lofes its mild-

pefs
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nefs and unGuofity, becomes more limpid and
,volatile, and a portion of carbonaceous matter
is left in the retort. Tran{mitted through an-
ignited tube, it-is converted into carbonic acid,
and, hydro-carbonic gas. Sulphuric acid renders
it black ; part of the oxygen from the acid com-
bines with the hydrogen of the oil, carbonace-
ous matter is depofited, and a thickifh liquid,
having a’ hepatic fmell, is formed, which has

~ not hitherto been analyzed, but which may pro-
bably contain fulphur, or its oxyd, combined
with a part of the oil, in a ftate fimilar to petro-
leum. Nitric acid thickens exprefled oil ; and,
when .empyreumatic or rancid, from expreflion
by heat or otherwife, readily fets it on fire.
Oxymuriatic acid thickens it, and in fome in-
ftances renders it concrete, All thefe changes
deferve minute inveftigation.

Soap is formed by the union of fixed 011 with
the fixed alkalies, potath or foda, in a cauftic
or pure ftate, and forms a faponaceous cgm-

. pound with ammonia. Soap is foluble in water
and alcohol, and is decompofed by all the acids,
and by moft falts having earthy or metallic ba-
fes. When decompofed by heat, or deftru&tive
diftillation, foap produces water, empyreumatjc
oil, and ammonia *. The oil which feparates

from.

& The Tranﬂator only pretends to give thefe falls
from chemical writers, This decompofition of foap is
certainly
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from foap, when decompofed by the acids or
neutral falts, is fo far changed as to be foluble
* in alcohol. When foap is’ decompofed by ear-
thy or metallic falts, which takes place by
double affinity, the acid unites with the alkali
of the foap, and the oil combines with the ear-
thy bafis, or the metallic oxyd of the neutral
falt.

Expreffed oil unites, by boxhng, with fulphur
into a compound which has an exceflively offen-
five odour, and a very difagreeable acrid tafte,
ufually called bdalfam of fulpbur. It likewife
eombines with phofphorus, and unites with
gum, refin, and feveral other vegetable produés.
With mucilage it forms a milky compound,
called in pharmacy emulfion, and with fugar
what is called oleo-faccharum. The ultimate ele-
ments of exprefled oil, fo far as is yet known,
are carbon, hydrogen, and oxygen.

#. Volatile or Effential Oil is procurable from
a.variety of parts of many vegetables, ufually

by

certainly not fufficiently explained, as no account is gi-
ven of the fixed alkalies. Neither is it determimed
whence the ammonia of this decompofition proceeds. If
from the alkali, and no other fource appears, a proper
inveftigation of this experiment fhould lead to the ana-
Pyfis of fixed alkali. At the fame time, it is known,
that the foap of commerce contains animal oils, which
certainly contain ammonia, or at leaft azot, one of its
eonituent ingredients. —T.
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by diftillation with water. A fmall part: unites
with the diftilled water, and the reft {wims, far

the moft .part, on the furface, though a few of °

thefe oils are heawier than water. Sometimes
this oil is contained in diftin& veficles of the
vegetable, and is got by expreflion. In volatile
vil, the peculiar odour of each plant is general-
ly found, from which the term ¢ffential is deri-
ved ; and, although from fome highly odorant
vegetables, very little volatile - oil is procurable,
and a confiderable quantity from fuch as have
little odour, it would appear that the fmell
emitted by odorant vegetables is produced by
its natural evaporation. '

Volatile oil is odorous, fapid, and pungent.
It is for the moft part liquid, even in low tem-
peratures, though fome congeal in moderate de-
grees of cold, and .others are concrete in the or-
dinary temperatures. It diffolves fparingly in
water ; to which it communicates its peculiar

odour, tafte, and pungency ; as likewife to.alco~ '

hol and proof-{pirits, in which it is more abun.
dantly foluble. Both thefe folutions are ufually
accomplifhed by diftillation, but may likewife
be formed by other means. That with water
is called, in pharmacy, fimple diftilled water, or
merely water of the peculiar vegetable; with
proof-fpirit or alcohol, it gets the name of co
pound diftilled water, or {pirit of the vegetable;
when in large quantity, combined with alcohol,
S
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it is denominated effonce or quinteffence, and is
then more readily foluble in water, and in lar- ‘
ger proportion.

Expofed to the air, volatile oils gradual!y
lofe their peculiar odours, are thickened, and fi<
nally becorse concrete, refembling refins ; often
depofiting acid cryftals, and fometimes granules
refembling camphor. By moderate heat, they
are volatilized without change ; but are partially
decompofed by greater heat than is neceffary
for dittillation. Heated in conta@® with aic,
they are more volatile, more readily inflam-
mable, and produce more water in combutftion,
than fixed oils, and gonfequently contain a lar-
ger proportion of hydrogen. By the acids, they
are oxydated, becoming black with fulphuric
acid. Nitric acid, efpecially when mixed with.
fulphuric, readily fets them on fire. Dilute niw
tric acid and oxymuriatic, convert them into re<
finous fubftances by oxydation. They combine
with, or diffolve, fulphur, phofphorus, refin, and
camphor ; but combine difficultly and fparingly
with the alkalies. By fugar, mucilage, and
fome other vegetable produdls, they are render-
ed mif¢ible with water, in the flate of emuliion.
Previoufly united with alcohol, into what has
been called ¢ffence, they are confiderably {oluble
in water. Their ultimate elements. feem.the
fatne with thofe of fixed oxls, carbon, hydrogen,

. - ~ Co.. . [und

-
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and oxygen; perhaps in different proportlons.
" and different degregs of oxydation.

The particular odours of volatile oils, and of
all odorant bodies, have been fuppofed owing to
the prefence of a diftint element or principle,
called aroma or fpiritus rector: But, as there is
no evidence of its exiflence, as every ditin&
odour- would, in this cafe, require a feparate
fpecies of aroma, and as every peculiar fenfible
quality might with equal propriety be referred
to a peculiar hypothetic element, fuch as bitter-
nefs, ndarcotic power, laxative or emetic quality,
and fo forth, it is. certainly unphilofophical to
afflume any fuch element to exift. Befides, we:
know that metals poffefs odour and fapidity,
and that both may be “given to the moft infipid
and inodorous vegetable and animal produds,
merely by changing the ftate of combination of

their ultimate elements, by means of heat or
otherwife.

. 8. Camphor is chleﬂy procured by dxﬂ:xllatxon
or fublimation from the wood of laurus cagpho-
ra; hut is likewife found infome other vege-
tables, and. is depofited from the volatile oils of
feveral plants when long kept. - 1t'is white, fe«
‘mi-tranfparent, folid, tenacious, and fomewhat
cryflalline,” having a pungeot fragrance and
tafte. It is highly inflammable, extremely va-
latile, and fublimes unchanged by. moderate:
beat ; is largely foluble in alcohol and oils,

but,
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but fparingly in water or proof-fpirit, in which
it becomes more foluble by trituration with
magneﬁa. Sulphuric; muriatic, fluoric, and {ul-
_phurous acids, diffolve it without change. Dif-
folved in mnitric acid, an oily-looking liquor
fwims on the {urface, from which water precipi-
tates the camphor. When nitric acid 4s fre-
quently dittilled  from* camphor, it is entitely
converted into camphoric acid. Camphor does
not combine with' the alkalies. Mixed with
clay, or any fubftance which oppofes ‘its ex-
treme - volatility, it becomes ‘able to" undergo
confiderable heat, by which it is decompofed,
-giving over a volatile, pungent, and highly
fragrant oil, exa&ly fimilar to effentjal oils : ‘At
the fame time, camphoric acid, with fmall quan-
tities of carbonic acid, and hydro-carbomc gas,
come over, and a fmall pomon of carbonace-
ous matter remains. ' Its ultimate elements pro-
bably are carbon, hydrogen, and oxygen, per-
haps having more carbon and. oxygen than the
volatile oils.

9. Benzoin. As this vegetable produ&:on af.
fords a peculiar acid by fublimation, and even by
other means-of decompofition; it might defcrve
inveftigation, and a feparate place perhaps, ds
legitimately as camphor and .fomfe other vége-

' table produdts : But, not having been- hitherto
fubmitted to chemncal"analyﬁs we can only
here recommerid it to tHe notice- of chemiifts. -
¢ 10. Amber,
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~

" 10w Amber, 1t is doybtfyl to which of the
thyee kingdoms of nature this peculiar fubftance
is indebted for its origin. It is found on the
fea-fhore, efpeqially. in Pruffia, and is dug from
the earth : But has been fuppofed the work of
. infeQs, and to be prepared by them from the
refinous exudations of fome of the fir or pine
tribe. Like benzoin, it gives out a peculiay
acid by fublimation : But its chemical analyfis
has not hitherto been inveftigated.

11. Wax is colle@ted by bees from the flowers
and other parts of vegetables, but probably un.
dergoes fome change from the animal powers
of thefe infets. In its rude ftate, it is of vari-
ous fhades. of yellow or brown, having confider-
able fragrance, and fome tafte; being hard, te.
nacious, plaftic, and foftening or melting by
heat. When purified by bleaching, by which
probably its carbon is partly feparated and fome
oxygen added, it becomes perfe@ly white and
opake, and rather harder and more tenacioug
than before.

Wax is fufible, and burns ina hlgh tempe-
~ rature, or with the aid of a wick, refolving by
combina;ioxi with oxygen into iwater and car-
bonic gcid. By deftrutive diftillation, it gives
over a thick empyreumatic oil, and an acid li-
quor, leaving a carbanaceous refiduum. Hence
its ultimate elements are carbon, hydrogen, and

oxygen 3 and jt fcems to have the fame relae
tion
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tion with fixed oxls that camphor has to’ the vo-
latile.

12. Refin is hardly ever procured pure from
vegetables, being gericrally mixed or combined
with volatile oil, gum, or other matter, The
turpentines, which are procured by exudatnon,
or tapping, from many trees of the fir and pine
tribes, and the various balfams, are refin dif-
folved in effential oil. Tar is turpentine pro-
cured by rude diftillation, mixed with carbona-
ceous and other matters, and pitch is tar boiled
to greater confiftence.’

By diftillation, the effential oils are feparated'
from the refin in the turpentines, a fmall por-
tion of benzoic acid being ufually procured at
the fame time. When diftilled with the af-
fiftance of water, and not pufhed too far, pure
* refin is left in the retort; but if the fireisa
little'urged, the refin is partially decompofed,
and acquires colour from the prefence of free
carbon, in which ftate it is called Colophony.

In many vegetables, refin is naturally united-
with gum, forming gum-refin or refinous gum,
according as one ‘or " other prevails. Thefe are
foluble in water or proof-fpirit ; or may be fe-
parated by diffolving the refinous part in alco-
hol, and the gummous in water. In other ve-
getables, the gum and refin are farther mixed
with extradtive matter, {ugar, ftarch, and Q;her.
produ&ts. Moft of the pure refins are foluble

Vou. 1. N T Tin
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in alcohol, effential oil, and fixed oil, though
fome require the previous affiftance of ether, .
but thefe probably have fome differgnce in their
compofition, by excels or paucity of one or
other of the ultimate elements. None of the
refins are foluble in water, or only in a flight -
degree like camphor and effential ojls. They
are moftly fapid and odorous; though fome,
as copal and fandarach are almoﬁ devoid of ei-
ther quality,

Refin is fohd tenacious, plaftic, and confider-
ably tranfparent ; being brittle and ‘eafily pul-
verized in a moderate temperature. It is eafily
fufed, and readily inflammable, giving out car-
bonic acid and water. In clofe veffels, it gives
over empyreumatic oil, acid liquor, carbonic
acid, and hydro- carbomc gas, leaving carbona-
ceous miatter. With alkalies it forms foap, and
is much ufed in manufa@ure for that purpofe,
being’ a chief ingredient in yellow foap, and
that to'which it owes its folidity. Its ultimate
elements are carbon, hydrogen and oxygen,
probably havmg more oxygen than _effential
oxls 0

13 Extra& or Extractive Matter, is a pro-
dué& from vegetables, which confiderably re-
fembles gum-refin, of which perhaps it is only
a modlﬁcatron, by mixture or combination with’
other proximate principles, and fome , faline
componnds. It is obtamable from moﬁ if not

T oall,
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all, vegetables, by maceration in water, and
evaporation of the infufion. It is foluble in
water, alcohol, or proof-fpirit, but not in ether;
and poffeffes the fapid, odorant, and other fen-
fible qualities of the vegetable from which it is
procured. By long expdfure to the air, or ra-
pidly by means of the boiling heat, and by oxy-
muriatic acid, it abforbs oxygen, becomes in-
fipid and inodorous, and infoluble in water.
By diftillation in clofe veflels, it gives over em-
pyreumatic oil, acid liquor, and a fmall quan-
tity of ammonia: Hence its ultimate elements
- are carbon, hydrogen, azot, and oxygen.

14. Caoutchouc, or Elaftic Gum*, is procured
from feveral plants by incifion; at firt of a
thick milky confiftence, becoming concrete by
expofure to the air. It is then of virious
fhades, femi-tranfparent, extremely tough, flexi-
ble when a little warm, and very highly elaftic.
It is extremely inflammable, even when cold.
By confiderable heat it is foftened, and lofes
its elafticity. - Water does not diffolve it, but
permanently foftens its texture. It is infoluble
in alcohol or proof-fpirit, but diffolves in ether,
fixed dnd volatile oils, and in re@ified petro-
feum. It is oxygenated and altered in its ap-
pearance by fulphuric and nitric acids. In
clofe” veflels, it gives over empyreumatic oil,

N2 carbonic
It . : .

® Likewife termed India rubber, or lead-eater.—T,
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carbonic acid, hydrocarbonic gas, and ammo-
pia: Its ultimate elements, therefore, are car-
bon, hydrogen, azot, and oxygen. '

15. Tanin, or the Aftringent Principle, is pro-
cured from oak-bark, galls, or other aftringent
vegetable, by infufion in water, but blended
or combined with gallic acid, with which till
lately it has been confounded. By a firft in-
fufion of aftringent vegetable in hot .water,
moft of the tanin contained is diffolved, along,
with a fmall portion of gallic acid. A fecond
infufion affords gallic acid with very little ta-
nin; and a third-infufion. contains gallic acid
almoft pure. Hence, {pent tan-bark contains
gallic acid, and no tanin, or extremely little.

If to an infufion of vegetable aﬁringen@, a fo-
lution of animal glue be added, the glue and
tanin combine into an infoluble precipitate, and
a folution of pure gallic acid is procured by fil-
tration. '
~ To procure the tanin free from gallic acid,
add a folution of muriat of tin to the aftringent
- infufion. “The oxyd of tin combmes with the
tanin, fqrmmg an infoluble precipitate, and the
two ac1'ds remain in the liquid. By filtration and
careful wafhmg, the acids are feparated from

the infoluble compound, which is then to be

diffufed in water, through which a ftream of
fulphurated hydrogen gas is made to flow. This
. gas combines with the oxyd of tin, forming an
infoluble
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infoluble precipitate, and the tanin is left pure,
now in folution. '
« Tanin has no acid properties whatever ; but
eminently poffeffes thofe which were formerly at-
tributed to gallic acid, or rather to the mixture
or combination of that acid and tanin. It forms
a dark precipitate with red oxyd of iron; dark-
er than that with common aftringent infufion,
and much darker than that produced by gallic
acid. By evaporation, it becomes a folid' ex-
tractive mafs, of a brown colour, with a bitter
rough ftyptic or aftringent tafte, and is foluble
in water., With gelatin or animal glue, it
forms an infoluble compound ; which diffufed
among the fibres of fkins, renders them denfe,
thick, infoluble, lefs permeable to moifture, and
not liable to putrefadtion: In fhort, it converts
them into leather, or tans them, which is its pe-
culiar property, and from which its name is
farmed. Perhaps the gallic acid, contained
in common aftringent infufion or tan, affifts the
tanning procefs, by deoxydating the fkin, and
bringing it more to the ftate of animal glue.
With acids, tanin forms infoluble compounds.
16. Golouring matter has been fuppofed a pe-
culiar proximate principle of vegetables, though
colour certainly belongs to feveral of their pro-
dués already noticed ; and if feparate from the
other produds or proximate principles, it muft
be various in its ‘compofition, from the differ-
N3 - ence .
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ence of colours producible from different vege.
tables, ahd the different properties of .colours in
fixation or permanence, by means of mordants,
or precipitants. Though, therefore, colouring
matter does not properly belong to this fection,
it is here introduced as forming a very interefl-
ing fubje@ of difquifition, but of which our li-
mits cannot admit the inveftigation. It involves
the whole art of dying by means of vegetable
fubftances, and the art of making vegetable pig-
ments.

Animal fubftances have a more ready attrac-
tion for colouring matter than vegetable' mate-
rials, and retain it more permanently * : Hence
filk and woollen fabrics are more eafily and
permanently dyed than thofe of cotton or linen.
Various mordants or precipitants are employed,
to form infoluble compounds with colouring
matter, to fix it in the dyed -{fubftance, and
often likewife to modify the colour.: Argil, me-
tallic oxyds, gallic acid or rather tanin, gelatin,
and gum, are among the principal of thefe mor-
dants or precipitants ; and are employed, either
by previous combination with the fubftance to
be dyed to make it take in and fix the colour ;

after

*. Hence I.fhould fufpe&, that colouring matter is near-
1y allied to tanin, or is intimately combined with it; and

that the fixity of dye-fluffs may depend on their cont.am-
lng a fufﬁcxency of tanin,—T.
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after the colouring matter has been united with
the dyed fubftance, to fix er heighten or modi-
fy the colour; or, by previeus combination with
the dying material, to make it proper for com.
bining with the fubftance to be dyed. The
formation of vegetable lakes or pigments, is ef-
feGtuated by the combination of fome mordant
or precipitant with the colouring material in fo.
lution, which caufes it to precipitate in an info-
lyble or difficultly foluble compound. The .
preparation of indigo, woad and other dye-ftuffs
is of this nature, in which oxygen feems the
precipitant ; and the a& of dying with thefe’
preparations confifts, probably, in deoxydating
them, in the firft place, to render them foluble,
and afterwards reftoring oxygen, to. give back
their colour, and fix them properly in the dyed
fuffs. :

17. Ligreous fibre, may be confidered as the
fkeleton or folid bafis of plants, to which all the
other prodycs or proximate elements are natu-
rally attached. .It is infipid and inodorous, and
infoluble either in water, alcohol pr oils.. By
oxygspation, nitrid acid converts it into oxalic
and malic acids ; and it is decompofed by other
acids. By deftru®ive diftillation, it gives over
" pyrolignous acid, carbonic acid, and hydra-
_carbonic gas, leaving a large carbonaceous refi-
duum ; and confequently confifts of carbon, hy-
drogen, and gxygen. . ‘
N 4 18, Charcoal
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18. Charcoal is any vegetable fubftance de-
pnved of all volatile parts by the force of heat,
or the refiduum left in all deftru&ive diftilla- &
tions. It.is likewife procurable by fimilar means
from a variety of animal fubftances, and is even
found in fome mineral produdions. Properly
{peaking, thefe ought to be called carbonaceous
matters, as charcoal, in ftri® language, is the

refiduum from wood or other vegetable fub- -

ftance, after deftructive diftillation ina red heat.
The charcoal of commerce is rudely prepared,
in a manner fimilar to the above, by flow inci-
neration in clofed heaps. For chemical pur-
_pofes, it is formed by fubje@ing wood, or other
' vegetable fubftance; to intenfe, or at leaft full
red heat, without accefs of air.
' When properly prepared, charcoal is light,
folid, fhining, brittle, porous, fonorus, mﬁpxd
inodorous, and perfe@ly black. It readily ab-
forbs moifture, and even large quantmes of the
different permanent gafes, without appearing
to be changed in its fenfible properties ; though
chemically it is very materially altered. Hence,
before fubjeing charcoal to any chemlcal in-
veftigation, the neceflity-of keeping it long in a
fall red heat, to expel thofe foreign admixtures ;
and, without expofure to air, to prevent its com=
buftion. " Soot is charcoal in powder, mxxed or
combined with various other vegetable or ani-

mal produﬁs, accordmg to the fubftance from-

whxch
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which it is procured. Lamp-black is the foot
of very impure animal or vegetable oils. Ivory-
black is bones burnt, to blacknefs only, in clofe
veflels. h
Whien charcoal is fet on fire, or raifed to the
temperature of ignition in contad& with air, it is
almoft entirely converted into carbonic acid.
‘ What remains under the name of afhes, confifts
of afmall quantity of earth, moftly lime and
magnefia, often combined with fome acid, and
containing a fmall portion of potafth or foda, or
both, and fome minute particles of neutral falts,
By a fomewhat different mode of incinerating
. vegetable fubftances, with more free accefs of
air, the charcoal is burnt off, and the refiduum
confifts chiefly of alkali, potafh, or foda, ora
mixture of thefe, according to the vegetable
which is incinerated, together with the earthy
and faline matters already mentioned. As, in
thefe different methods of incineration, the pro-
dué of alkali is very different, more abundant
in the free, and much more fcanty in the clofe
manner of making charcoal, there are very ftrong
grounds for fuppofing potath and foda to be
formed during the procefs. .
Charcoal, properly prepared, has long been
confidered as carbon, almoft in a ftate of purity ;
and, on this fuppofition, the illuftrious Lavoi-
fier concluded from his cxperimenté, that car-
‘bonic acid confifted of 28 parts of carbon, com-
' bined
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bined with 72 parts of oxygen. But, from more
recent experiments by Morveau, it appears, that
acid has only 17.88 parts of pure carbon, with
82.12 parts of oxygen, or nearly 18 and 82.

By the laft, and moft exa®, experiments, it
appears, that diamond is carbon in perfe& puri-
ty; and, that the beft-made charcoal, indepen-
dent of its minute earthy and faline mixture, is
a true oxyd of carbon : Hence the calculations
of Lavoifier, refpeding the ultimate elements of
feveral fubftances, in which carbon and oxygen
are principal ingredients, require correGtion.

19. Bitumen. Although naturally of mineral
origin, biturnen feems to have been produced by
‘chemigal changes from organic materials ; “but
whether of vegetable or animal bodies, has not
been fatisfaorily determined. Bitumens are
found exuding from fiflures of frata or veins, or
floating on the waters of fprings, or forming
firata in the earth, combined with other matters.
The principal {ubftances ulually ranked under
the general denomination of bitumens, are Naph-
tha, Petroleum, Afphaltum, Amber, Coal, Jet,
and Melilite. But the chemical analyfis of thefe
bodies, by no means warrants their beirig arran-
ged together. :

Naphtha is a very light pelluc1d or yellowifh
liquid, highly volatile and inflammable, with a
very penetrating odour. It diffolves oils, refins,
' ' and

N e N R

-
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2nd caoutchouc, and is infoluble in water or
alcohol, or very flightly fo. It feems to have
. confiderable analogy with ether, and probably
confifts of carbon, hydrogen, and oxygen.

Petroleum is fimilar in many refpe@s to naph-
tha, but thicker, lefs volatile and inflammable,
of a brown or black colour, and affords naphtha
by diftillation.

Afphaltum is folid and brittle, of a brown or
black colour, melts by confiderable heat, “and is
inflammable. By deftructive diftillation, it gives
over empyreumatic oil, carbonic acid, and hy-
dro-carbonic gas; confequently is compofed of
carbon, hydrogen, and oxygen.

Coal differs from the former in leaving a refi-
duum, lefs or more in the different varieties, of
earthy matters, chiefly argil, with fome oxyd of
iron. By deftructive diftillation, it gives over
empyreumatic oil, carbonic acid, hydro-carbonic
gas, and ammonia. In clofe veflels, the refiduum
contains a confiderable quantity of carbona-
ceous matter, which burns to white or coloured
afhes in the open fire, according to the propor-
tion and ftate of oxyd of iron in its compofition.
It likewife fometimes gives over fulphurous acid,
probably from containing pyrites, or fulphurat
of iron, Its ultimate elements are, carbon in
large quantities, hydrogen, azot, and oxygen,
with an’earthy "bafis of argil, and fometimes
fome magnefia.

Jet
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Jet feems intermediate between coal and af-
phaltum, as it leaves very little afhes on incine-
ration. " .
 Amber has been already noticed, ro. in this

feion.

Melilite, or Honey-ftone, is found in ftrata of
wood, mineralized by bitumen: it has a light
yellow colour, and is generally cryftallized. It
is not foluble in alcohol or oils, and is difficult-
ly inflammable. It feems to confift of argil,
combined with a peculiar acid, analogous to the
oxalic; and is therefore a neutral falt.

—

Befides thefe enumerated proximate elements
of vegetable fubftances, they afford various
earths and neutral falts, and even minute me-
talline portions, in their refidua; the confidera-
tion of which would lead far beyond our pre-
fent limits. Certain vegetables, efpecially of
the Cruciform natural order, contain ammonia,
and even fome afford minute portions of fulphur
- and phofphorus. From all vegetables, potafh,
and from many, efpecially marine plants, foda,
is procurable by incineration. But, whether
thefe alkalies exifted previoufly in the plant, or
arg formed by change of ultimate elements du-
ring the incineration, is not decided : the latter -

is the moft probable.
§ 1L,
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§ II. Proximate Elements of Animal Sub-
Sances.

This fubje®, like the analyfis of vegetable
fubftances, would require more extended invefti-
gation than our limits can admit; and, there-
fore, muft be treated of only very curforily.
Animal fubftances differ from vegetable, in a
greater tendency to putrefaltion, and being
hardly, or very little, liable to vinous or acef-
cent fermentation. Their ultimate elements
are more numerous in general than thofe of ve-
getable fubftances ; as, befides carbon and hy-
drogen, they moftly contain azot and phofpho-
rus : they likewife feem to have lefs oxygen in
their compofition, as they afford lefs aéid‘ on de-
compofition. '

§ 1. Blood.

. X. The Blood, of what are called the perfe
animals, is a vifcid liquid, of a red colour, with a
, fweetifh tafte, and peculiar odour. In the veins
it is dark coloured, becoming florid in the lungs
and in the arterial fytem. The air, efpecially
oxygen gas, renders it florid; but moft of the
other, gafes make it darker. By fpontaneous
coagulation, it [eparates into ferum and craffa-
mentum.

2. Serum
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" 2. Serum is flightly vifcid, yellowifh, has a fa-
line tafte, and is mifeible wit.h' water. At about
165° of Fahrenheit it -coagulates, from which a
fomewhat turbid liquid may be exprefled,
which fixes when cold into a jelly. The re-
maining liquid is water, containing foda, mu-
riat of foda, and a falt having phofphioric acid.’
"Fhus ferum confifts of albumen, orthe part coa-"
gulable by heat, gelatin, or the jelly-like fub<
flance expreflible from it, and faline ‘matters,
all diffolved in water. Serum is coagulated by
alcohol, acids, acidulous falts, and feveral me-
tallic oxyds. '

3. Albumen is coagulable by heat, unlefs dif-
folved in eight or ten times its weight of water;’
but is not foluble after coagulation. It diffolves
readily in folutions of potath and foda, giving’
out ammonia ; and diffolves flowly in ammonia.
By the nitric acid it is decompofed ; nitrous
gas is difengaged, and an oily fubftance, foluble
in alcohol, remains. In clofe veflels, it gives out
' empyreumatic oil, carbonat of ammonia, carbo-
nated and fulphurated hydrogen gas, and pruf-
fic acid ; the carbonaceous refiduum contain--
ing phofphats and carbonats of foda and lime;
and muriat of foda. Hence its iltimate ele-
‘ments are, carbon, hydrogen, azot, phofphorus,
fulphur, lime, foda, muriatic acid or its bafis,
and oxygen. .

4. Gelatin -
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4. Gelatin is foluble in water, and is preci-
pitated by alcohol and the mineral acids. With
tanin ‘it forms an infoluble compound . already
mentioned. Its aqueous folution, evaporated
to drynefs, is glue. Decompofed by nitric acid,
a large quantity of gas difengages, and oxali¢
-acid is formed. In clofe veflels, it gives over
carbonic . acid, hydro-carbonic gas, carbonat of
ammonia, and empyreumatic oil ; its carbona-
ceous refiduum containing phofphat. of lime.
Hence gelatin is not nearly fo much compound-
ed as albumen, having only carbon, hydrogen,
azot, phofphorus, lime and oxygen as its ulti-
mate elements.

5. The Craflamentum, or fpontaneouﬂy coagu-
lable part of the blood, does not readily putrefy
on expofure to air, and may be dried by mode-
rate heat. By repeated wathing with cold wa-
ter, craffamentum i is refolvable into its red co-
louring matter, which is foluble, and a folid
“white infipid and inodorous elaftic fibrous mafs,
- infoluble in water except by long boiling, call-
ed gluten, coagulable }ymph, or fibrin.

6. Fibrin is decompofed by potath and foda,
giving out ammonia, and carbonaceois matter
is precipitated. It likewife diffolves in acids,

.. but when' precipitated from this folution by al-

kalies, it has loft its peculiar qualities and ap-
pearance. - Nitric acid diluted difengages from-
it a large quantity of azot, and oxalic acid is

. formed,
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formed, with {mall portions of malic and ace-
tous acids. By deftru&ive diftillation, it affords
empyreumatic oil, carbonat of ammonia, fome
very fetid gas, probably confifting of hydrogen
and azot with phofphorus: the carbonaceous
refiduum contains phofphat of lime. Its ulti-
matc elements, therefore, feem the fame with
thofe of gelatin. .

2. Colouring matter, or the red globules of
the blood, which is foluble in water, but fuffers
a gradual decompofition, is changed .in its co-
lour by the gafes in the fame manner with
blood itfelf ; hence the change of the blood,
from venous to arterial in the lungs, is produ-
ced by the a&tion of oxygen. By deftrudive
diftillation, it affords empyreumatic oil, car-
bonated and fulphurated hydrogen gafes, and
pruffiat of ammonia: the carbonaceous refi-
duum contains: carbonat phofphat and muriat
of foda, carbonat and phofphat of lnme, oxyd of

- u'on and charcoal

We have feen, by the preceding fhort abﬁraétf )

of the chemical compofition of the various parts
of the blood, that it is an extremely compound
liquid, containing carbon, hydrogen, azet, phof.
‘ phorus, lime, foda, iron, muriatic acid, or its ba-

- fis,
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fis and oxygen. .From the blood, all the other
iiquids of the animal body, and its folid parts,
are formed, renewed, and augmented. All thefe
ultimate elements muft either be derived from
nutrition, refpiration, or abforption: And al-
though vegetable fubftances do not aflord all of
thefe, ultimate elements, at leaft in any quantity-
proportional to thofe in animal fubflances, yet
as all ingefta, or nutritious matter, is ultimately.
refolvable into the vegetable kingdom, water
and atmofpheric air, thefe muft all be derived
from thofe fources. It is, however, incompa-
tible with our limits to enlarge on the fubjec
of nutrition, refpiration, and fecretion, which
would require a Jarge volume for their proper
inveftigation.

The chief fource of the blood is from the
chyle, or nutritious materials of food, diffolved
and mixed with faliva, the gaftrtc and pancrea-
tic juices, and bile. It appears, that during cir-
culation, the arterial blood lofes azot and oxy-
gen, the venous blood having lefs of thefe, and
more carbon, than the arterial. - In the lungs,
the venous blood is reftored to its arterial or
florid ftate, and carbonic acid is evolved, by its
fuperabundant carbon combining with the oxy-
gen of the refpired air. It is highly probable,
likewife, that the blood abforbs azot during re-
fpiration, and likewife oxygen. During thefe
ghanges, there is the higheft probability that

Yoo, I, Q saloric,
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caloric, formerly exifting combined with the re-
fpired air, is fet free to produce temperature,
and that, in this manner, refpiration alts as one
fource at leaft of animal heat. . What renders
this idea highly probable, is, that we uniformly
find animals which either do not refpire air, ox
which refpire it lefs regularly than the more
perfect animals much colder in their tempera-
ture, and that every circumftance which accele-
rates the paffage of the blood through the lungs,
and confequently quickens and augments refpi-
ration, increafes animal heat. The animal fy-
ftem likewife poffefles the power of refifting the
accumulation or too great increafe of tempera-
ture ; one principal fource of which is probably
from the evaporation of perfpirable matter,

S 2. Animal Fluids.

Thefe are all or chiefly formed or feparated
from the blood by fecretion, The principal fe-
creted fluids arg, Milk, Lymph, Mucus, Saliva,
Gaftric juice, Bile, Urine, and Perfpirable Mat-
ter. : :

1. Milk is white, {weet, and haviag a peculiar
flavour, and differs confiderably as obtained
from different animals, and even from the fame
animal op different kinds of food. It naturally
feparates, by ftanding, into cream, and more
watery milk. Cream by agitation, during which

. it
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it abforbs oxygen, is converted into butter, and
a thick fluid. When milk is kept fome time
after the cream feparates, it grows firft acidu-
lous, and then coagulates. If this coagulum be
prefled, a dry fubftance, infoluble in water, and
elaftic, called cheefe, is procured; the liquor
which drains off is whey. This coagulation
may be produced by. varioys other means, {uch.
as alcohol and the acids, and principally, for
economical purpofes, by the gaftric liquor of
young animals, mixed with muriat of foda, and
diflolved in water. , :

2. Gheefe, or the cafeous matter of milk, when
containing little or no butter, is at firft white-
and opake, but grows afterwards fomewhat tran{-
parent and elaftic. It is infoluble in cold wa-
ter. It diffolves in potath and feda, giving out
ammonia ; and diflolves partially in dilute mi-
neral acids. In a. moift atmofphere, it foon-
grows putrid. By deftrudtive diftillation, it
gives over empyreumatic oil; ammonia, and hy~
dro-carbonic ‘gas, leaving a carbonaceous refi-
duum, which contains potath.or foda. =

3. Whey or ferum, when perfectly free from
cream or butter, is yellowifh, and has a bland,,
faline, fweetifh tafte. By evaporation, it affords
a faline fubftance ; which, by a fecond folution
and evaporation, becomes a white, {weetifh,
cryftallized falt, called fugar of milk. Treated
with nitric acid, nitrous gas is difengaged, li~
- 02 quid
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quid oxalic acid, and concrete faccho-la&ic a-
cids, are produced.

From the quantity of faccharine fubftance in
whey, it is fufceptible of vinous and acefcent
fermentation : But the acid is not vinegar ; it is
a peculiar acid, called the laélic.

" Whey likewife contains muriats of lime, pot-
ath, and foda, and fome falt which contains
phofphoric acid. Hence, though milk has ma-
ny properties refembling vegetable fubftances,
its chemical analyfis fhews, that its compoﬁtlon
. is more analogous to animal matter.

4. Lymph, which is contained in. the lympha-
tic or abforbent veflels, is a vifcid, pellucid, and
infipid liquid, apparently a folution of the al-
bumen and gelatin of the blood, like which, it
is coagulable by heat, ac1ds, and alcohol.

5. Mucus, or the thickifh liquid which fpreads
over the pa.ﬁ'ages and internal [urfaces of the
“animal body, is probably lymph more infpiffa~
ted.

6. Saliva is lmpcrfe&ly foluble in water, and
is coagulable by the mineral acids. Diflolved in-
alkalies, it gives out ammonia. It feems to
be a folition of albumen in water, with the ad-
dition of fome muriat of foda, and perhaps fome
phofphat of lime.

7- Gafiric Liquor, which is fccreted from the
inner coat of the ftomach, and probably from at
leaft part of the inteftines, is foluble in water,

' - has
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has a flight faline tafte, and is quite limpid. Its
peculiar property is that of diffolving the food
in the ftomach, into a milky liquid called chyle.
After death this folvent power evea adts on the
ftomach itfelf. By evaporition it is reduced to
a dry mafs, which gives out in deftrucive diftil-
lation ammonia and empyreumatic oil, leaving
" ‘carbonaceous matter, which contains muriat of
foda and otlier neutral falts. .

8. Bile is a thick yellowith-green liquid, ha-
ving an intenlely bitter tafle, and faint odour.
It is foluble in water ; and by alcohol; albumen is
coagulated from it. The green bitter fubfiance
' remalns diffolved in the alcohol, and is of a re.
finous nature. It may be feparated by evapora~
ting the alcohol, or precipitated from it by -wa-
ter. ‘When concrete, this téfin of the bile’is inx
flaminable, and fufes dt 120° of . .Fahrenheit.
By oxymuriatic acid, it-changes té & white, unc-
tuous, bitter conerete, which is foluble -in alco-
hol, and in hot water. By deftructive ditilla-
tion, bile gives out empyreumatic oil, carbenat
of ammonia, pruffic, end carbonic ucids, and
hydro-cacbonic gas : its ultimate elements there-
fore are, carbon, hydrogen, azot, phofphorus,
and oxygen.

Calculous concretions, named gall-ﬁone:,-are
often formed in the gall.-bladder, of various de-
grees of cblour and hardnefs; often confifting
of feparate eryftalline coneentric lamine, of an

O3 " unétuous
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uncuious appearance, and inflammable. Some
are {oluble in alcohol and effential oils. By che-
miocal ana yfis, they afford refin of bile, benzoic
atid, and {mall quantities of lime, foda, and neu- .
¢ral falts, having-a bafis of ammonia.

9. Urine, when firft difcharged, is flightly acid,
but foon evolves ammonia, and becomes alkaline
and putrid: Evaporated, it gives out water and -
carbonat of ammonia, leaving a thick, brown,
fetid mafs, from which deftrutive diftillation
affords.a very fetid. empyreumatic oil, carbonat
of ammonia, feveral .compound. gafes, and a
{mall portion of phofphorus. Alkalies precipi-
tate phofphat of lime from urine. Tanin pre-
.cipitates a quantity of gelatin. The faline parts
of urine, part. of which cryftallizes on cooling,
are principally phofphats of foda, ammonia,
lime, and magnefia, muriats of foda and ammo-

- nia, lithic ar uric acid, and fometimes, efpecial-
Jy in graminivorous animals. and the urine of
_children, benzoic acid. o
;. By peculiar procefles, a large quantity of a
;peculiar fubftance, called wree, is procurable
from- urine, on which the colour, tafte, and pro-
perties. of freth urine principally depend. It
conftitutes about a twentieth part of the urine,
4s foluble in water, and readily decompofes fpon-
taneoufly, affording carbonat of ammonia, By
deftructive diftillation, it gives out a large quan-
,tity of carbonat of ammonia, and a {mall portion
.of empyreumatic oil, )

, ' Calculous
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- Calculous.concretions frequently form in the
bladder and kidneys. Thefe chiefly confift of
lithic acid, and animal matter, probably albu-
men, with very little lime, often not more than
a two-hundredth part, fometimes a great deal
more. Some. confift of phofphoric acid combi-
ned with magnefia and ammonia ; and in fome
oxalat of lime has been detefted, -

10. Perfpirable Matter, or- the conftant ex-
balation from the furface of the body of ani-
mals, confifts partly of a {fmall portion of carbo-
nic acid gas,-and partly of water, holding lymph
and fome faline matters in folution.

. § 3. Animal Solids.
\

1. Membrane, ‘which is’ the bafis of cellular
fubftance, ligaments, tendons, cartilage, and
"fkin,. is chiefly compofed of gelatin or animal
glue, to\ which they may almoft entirely be re-
folved by long boiling in water, and fome of

"thefe contain_ Iefs or more of phofphat of lime.
2. gone conﬁﬁs chiefly of gelatin, united with
“phofphat’ of Time. By deftructive diftillation, -
bone aﬁ'ords carbonat of ammonia, fetid empy-
reumatlc oil, apd hydro carbonic gas, leaving a
]arge arbonaceous reﬁduum, containing moftly
phofphat of lime, with fmaller portions of car-
bonat and fulphat of lime. Hora is fimilar in pro-
/ 04 perties



216 - ELEMENTS

perties and compofition to boné. Shells contain’
a much larger quantity of carbonat of lime, and
fome confift of hardly any thing elfe, with &
{mall portion of gelatin.

3. Mufcular fibre, by careful wafhmg, beoomes
white, infipid, and elaftic, and feems to confift
chiefly of fibrin. With nitric acid, it gives out
azotic gas, and is conwvested into oxalic and ma-
lic acids. Decompofed by heat, befides the
ufual animal produds, zoonmic acid is obtained.
The water in which mufcular fibre has been
macerated, contains the colouring matter of
blood, gelatin, albumen, a fmall portion of fa-
line matter, and fat. ‘ ,

4. Fat is of various econfiftence, from different
animals ; it is white, infipid, 2nd inodorous, in-
foluble in water or alcohol, combines with alka-
lies into foap, and is inflammable. It grows
rancid by expolure.te air, being oxygenated,
and a peculiar acid is formed, called febacic
" geid, which may likewife be formed by means
of nitric acid. By deftruive diftillation, it af-
fords acid liquor, and empyreumatic gil, and
- hydro-carbonic gas, leaving a carbonacequs refi-
doum. '

5. The Brain confifts moftly of albumen, with
fome faline fubftances, efpecially phofphats of

lime, foda, and ammoma.
. CH AP.
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CHAP XIL

 Of the Decompofition of Vegetable and Animad
Subflonces by the Altion of Fire.

EFORE we can thoroughly comprehend
what takes place during the decompofition
. of vegetable fubftances by fire, we muft take in-
to confideration the nature of the elements which
enter into their compofition, and the different
affinities which the particles of thefe elements
exert upon each other, and the affinity which
caloric poffefles with each of them. The true
.conftituent elements of vegetables are hydrogen,
oxygen, and carbon: Thefe are common to all .
vegetables, and no vegetable can exift without
them. Such other fubflances as exift in parti-
cular vegetables are only eflential to the com-
pofition of thofe in which they are found, and
do not belong to vegetables in general.

Of thefe elements, hydrogen and oxygen
have a firong tendency to unite with caloric,
and be coaverted into gas, while carbon is a
fixed element, having little affinity with calo-
gic. On the other hand, oxygen, which, in the
ufual temperature, tends almoft equally to unite

. ' '  with
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with hydrogen or with carbon, has a much
ftronger affinity with carbon, when at the red
heat *, and then umtes with it to form carbonic
acid.

Although we are far from being able to ap-
‘preciate all thefe powers of affinity, or to exprefs
their proportional energy by numbers, we are
certain, that, however variable they may be,
‘when confidered in relation to the quantity of
“caloric with which they are combined, they are

=il nearly in equilibrium in the ufual tempera-
ture of the atmofphere ; hence vegetables nei-
ther contain oil f, water, nor carbonic acid,
_though they contain all the elements of thefe
fubftances. The hydrogen is not combined
. particularly with the oxygen nor with the car-
bon.;

* Though this term, red heat, does not indicite any ab-

folutely determinate’ degree of temperature, I fhall ufe it

- fometimes to exprefs a temperature, conﬁderably above
that of boiling water.—A. :

3T muft be underftood here to fpeak of vegetables redu-
ced to a perfellly dry ftate ; and, with refpe& to oil, I do
“not mean that which is- procured by expreffion either in
the cold, or in a temperatuze not exceeding that of boiling
water; I only allude to the empyreumatic oil procured
- by diftillation with a naked: fire, in heat fuperior to the
' _temperatore of boiling water, which is the only oil de-
clared to be produced by.the operation of fire, . What I
have publifhed upon this fubje& in the Memoirs of the
Academy for 1786 may be confulted.—A.
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bon ; and reciprocally : The ‘particles of thefe
three fubftances form a triple combination, which
remains in equilibriam, while undifturbed by
caloric ; but a very flight increafe of tempera-
ture is’ fufficient to overturn thls ﬁru&ure of
combination. :
. If the increafed temperature to’ which the
vegetable is expofed does not exceed the heat of
‘boiling water, one part of the hydrogen com-
bines with the oxygen, and forms water; the
reft of the hydrogen combines with a part of
the carbon, and forms volatile oil ; while the
remainder of the carbon, being fet free from
its combination with the other elements*, re-
mains fixed in the bottom of the diftilling vef-
fel. ' : .
When, on the contrary, we employ a red
‘heat, no water .is formed, or, at leaft, any that
may have been produced, by the firft applica-
-tion of the heat, is decompofed : the oxygen,
having a greater affinity with the carbon at
this degree of heat, combines with it to form
carbonic acid ; and the hydrogen, beingleft
free from combmauon with the dther elements,
unites

* This ftatement is only partially true, for a fmall part
_of the ingredients remains very obftinately® attached to
“the carbon, and can hardly be driven from it without the
affiftance of oxyncn, by means of which the carbon itfels .
fuffers combuftion.—T,
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" unites with caloric, and efcapes in the flate of
hydrogen gas®*. In this high temperature, ei-
ther no oil is formed, or if any has been proda-
ced during the lower temperature, at the begin-
sting of the experiment, it is decothpofed by theé
action of the red heat. Thus the decompofition
of vegetable matter, under a high temperature;
is produced by the action of double and triple
affinities ; while the carbon ajtralls the oxygen
on purpofe to form carbonic acid, the caloric at-
traéts the hydrogen, and converts it into hydro-
gen gas.

The dlf’ullatlon of every fpecies of vegetable
fubftance confirms the truth of this theory, if
we can give that pame to a fimple relation-of
fa@ts. When fugar is fubmitted to diftillation,
fo long as we only employ a heat but a little

below that of boiling water, it only lofes its

water of cryftallization ; it fill remains fugar;
and rétains all its properties ; but, immediately
upon raifing the heat only d little above that
degree, it becomes blackened, a part of the car-
bon feparates from the combination, water
flightly acidulated pafles over, accompanied by

: a

* The hydrogen gas, produced in this way, is niot pire;

but holds a confiderable portion of carbon in folution ; It,
is carbonated hydrogen gas, called, in the old chelmcal
" language, Heavy inflammable air—T, -~
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a little qil, and the charcoal # which remains in
the retort, is nearly a third part of the original
weight of the fugar. ,
The operation of affinities which takes place,
during the decompofition, by fire, of vegetables
which eontain azot, fuch as the cruciferous
plants, and of thofe containing phofphorus, is
more complieated ; but, as thefe fubftances on-
ly enter into the compoﬁtlon of vegetables in-
very fmall quantities, they only, apparently,
produce flight changes upon the produs of dif-
tillation. The phofphorus feems to combine
with carbon, and, acquiring fixity from that
union, remains behind in the retort ; while the
azot, combining with a part of the hydrogen,
forms ammoniac } or volatile alkali.
Animal fubftances, being compofed nearly
of the fame clements w:th cruciferous plants,
: give

* The term cbarooal is here tetamed becaufe it is {hll
pontammated with feveral foreign matters. Carbon firiét
ly fpeaking, is only ufed to denominate the pure elemen-
tary and combuftible part of charcoal, which part alls
alone in combinations and decompofitions.—T.

+ Dr Blacks propofed term ammona, as will be more
particularly noticed in the fequel, feems better adapted as
a.fingle term for this fubflance than the one here ufed.
Befides, in the above explanation. the ammoniac or am-
mona, whichever term be preferied, is not pure, being
.éombined with carbonic acid, whercfore it ought to have
peen named Casbonated ammoniac.—1.
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give almoft the fame produés in diftillation 3
with this difference, that, as they contain a .
greater quantity of hydrogen and azot, they .
produce more oil and more ammoniac. I fhall
* only produce one faét as a proof of the exali-
nefs with which this theory explains all the phe-
nomena that occur during the diftillation of
animal fubftances ; which is the reification,
and total decompofition, of volatile animal oil,
commonly known by the name of Dippels oil.
When thefe oils are procured by a firft diftilla-
tion in a naked fire they .are brown, from con-
taining & little carbon, almoft in a free fate ;
but they become quite colourlefs by redtifica~
tion ; Even in this flate, the carbon in their
compofition has fo flight a conne&ion with the
other elements as to feparate from them by
mere cxpofure to the air. If we put a quanti-
ty of this animal oil, well redified, and confe-
quently clear, limpid, and tranfparent, into a
bell-glafs filled with oxygen gas over mercury, -
in a fhort time the gas is much diminifhed, be--
ing abforbed by the oil ; the oxygen combining
with the hydrogen of the oil forms water, which,
finks to the bottom ; at the fame time the car-
bon, which was combined with the hydrogen,
being fet free, manifefts itfelf by rendering the
oil black. Hence the only way of preferving
thefe oils colourlefs and tranfparent, is by keep-
ing them in bottles perfectly full and accurate-

’ lx'
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ly corked, to hinder the conta& of air, which
always difcolours them.

Succeflive redifications of this oil furnifh an-
other phenomenon confirming our theory. In
each diftillation a {fmall quantity of charcoal re-
mains in the retort ; and a little water is form-
ed, by the union of the oxygen contained in
the air of the diftilling veflels with the hydro-
gen of the oil. As this takes place in each fuc-
ceflive diftillation, if we make ufe of large vef-
fels and a confiderable degree of heat, we at laft
decompofe the whole of the oil, and change it
entirely into water and charcoal. When we
ufe fmall veflels, and efpecially when we em-
ploy a flow fire, or a degree of heat only a little
above that of boiling water, the total decompo-
fition of thefe oils, by repeated diftillation, is
greatly more tedious, and more difficultly ac-
complifthed. I fhall give a particular detail to
the Academy, in a feparate memoir, of all my
experiments upon the decompofition of oil;
but what I have related above may fuffice to give
‘juft general ideas of the compofition of animal
and vegetable fubftances, and of their decom?o-
fition by the action of fire,

CHAP.



224 ELEMENTS

CHAP. XIIIL )

€f the Decompofition of Vegetable Ouxyds by'the
" Vinous Fermentation,

HE manner in which wine, cyder, mead,

and all the liquors formed by the fpm- '

tous fermentation, are produced, is well known
to every ong. 'The juice of grapes or of apples
being exprefled, and the latter being diluted with
water, they are put into large vats, which are
kept in a temperature of at leaft 54.5° of the
thermometer. A rapid inteftine motion, or fer-
mentation, very foon_ takes place; numerous
globules form in the liquid, and burft at the fur-
face : when the fermentation is at its height,
the quantity of gas difengaged is fo great as tq
make the liquor appear as if boiling violently
over a fire,. When this gas is carefully gather-
ed, it is found to be carbonic acid perfe&ly
pure *, and free from admixture with any other
Ipecies of air or gas,
: When

* This affertion of the perfe& purity of carbonic acid
-gas difengaged during the vinous fermentation, muft be
taken with fome allowance ; for it almoft always, I believe

conftantly,
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- When the fermentatlon is_ccmpleted, the
juice.of grapes is changed ﬁ;om being fweet and
full of fugar, into a vinous liquor, Wthh no
lpnger cantains any fugar, and from wlnch we
Procure by diftillation an mﬂammable lxquor,
kpown in commerce under the name of Spmt
of Wlae. As tlus hquor is produced by, the fer-
mentation of agy faccharme matter whatevet
diluted: Wlth Water, 1t mu{’c have been contrary
10 the pnnmples of our nomenclature to caiIl
it {pirit of - wine rather than fpmt of cyder,
ar of fermented fugar- wherefore we Tave a-
dopted ‘2 more general term, and the Arablc
word ajcobol feems extremely proper for the
Jpurpofe. - .,

‘This operation is Qp¢ of the moftextraordl-
.nary in chemlﬁry We muft .examine Whence
procze.d the dxfengaged carbonic acxd and the
1nﬂammf1hle lxquox prodgced and in Whag man-
ner. 3 fweet vegetable o;.yd becomes thas - con-
yerted mto two fuch,, Opp0(ite fubdaqces, where-
.of -one ;s cpmbnfttble, and the other en;mentl
the coptrary. Ta fofve thefe two quefhons, it
is neceﬁ'ary to be prevnouﬂy acquamted with the
analyfis of the fermentable fubftance, and of the
produds of the fermentasion. ... .y

Vou. L. P Lo - W

conflantly, contains fome.a]cohol, beﬁdgs.a,coq‘ﬁcjle,sab]e
qnan:ity of  agueous gas ar water, in folution: The laugr
do# nat effeft.its mmcy 3~3he Jormey: dpes o m Aome
degree.~T.
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We may lay it. down as an inconteftible
axiom, . that, in all the operations of art and
pature, nothmg is created ; an equal quantity
of matter exifts hoth before and after the expe-
riment ; the quality and quantity of the ele-
ments remain‘p,recifely the fame : and nothing
takes place beyond changes and modifications
in the combinations of thefe elements. Upon
this principle, the whole art of performing che-
mical experiments depends: We muft always
fuppofe an exa& quahty between: the elements
of the body examined, and thofe of the produéts
of its analyfis.

Hence, fince from muft of grapes we procure
alcohol and carbonijc acid, I have undoubted
right to fuppofe that muft confifts of carbonic
acid and of alcohol *.  From thefe premifes, we
‘have two methods of afcertaining what paffes
during ‘vinous fermentation : Either by deter-
mining the pature of, and the elements which
_compofe, the fermentable fubftances ; or by ac-
curately examining the products refulting from
fgrmentqtlon ; and it is evxdent that the know-

ledge

_ @ In this affertion the confequences do not firiély fal-
-low from the premifes; becaufe from the muft of grapes
we procure carbonic acid and alcohol, it is a neceffary con-
fequence that the original muft contains the conflituent
elements of carbonic acid and of alcohol, but not that
" thefe produéls of fermentation are already formed.~—T.
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dedge of either of thefe muft lead to accurate
.conclufions concerning the nature and compo-
fition of the other. From thefe confiderations,
it became neceflary :accurately to determine the
conftituent elements of the fermentable fubftan-
ces ; and, for this purpofe, I did not make ufe
of the compound juices of fruits, the rigorous
analyfis of which is perhaps impoflible, but made
choice of fugar, which is eafily analyzed, angl
the! nature of which I bave already explained.
This fubftance is a true vegetable oxyd with
two bafes, compofed of hydrogen and carbon,
brought to the ftate of an oxyd, by means of a
certain proportion of oxygen; and thefe three

N

elements are combined in fuch a way, that a

very flight force is fufficient to deftroy the e-
quilibrium of their conne&ion. By a long train
-of experiments, made in various ways, and of-
ten repeated, I afcertained that the proportion in
which thefe ingredients exift in fugar, are near-
ly 8 parts of hydrogen, 64 parts of oxygen, and
28 parts of carbon, a«ll by welght, formmg IOO
parts of fugar.’

Sugar muft be mixed with about four times

‘its weight of water, to render it 'fufceptible'

of fermentation; and even then the equili-
brium of its elements would remain undifturb-
ed, without the affiftance of fome fubftance
go give a commencement to the fermenta- -
P2 tion.
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tion®, This'is accomplifhed by means of a
Tittle yeaﬁ from beer ;" and, when the fermenta-
tion is once excited; it continues of itfelf until
- dompleted: - I fhall,in anether place, givean ac-
count of the effeés of yeaft, and other ferments,
upon fermentable fubftances. - I -have -ufoally
employed 1o #ibs. of yeaft, in the fate of pafte,
for each 100 libs. of fugar, with -as much water
as-is four times the wei ght of the fugar. I fhall
give the ‘refults of my experiments exa@ly as
‘thiey were obtained, preferving even the fraftions

produced by calmlatxon. L
: L

TaBLE

. * This is not ftri&ly true ; for, efpecially in warm wea.
- ther, all {yrups are apt to run into fermentation, enlefs
.very cich of the fugar, -and carefully preferved,. . At the
fame time, this fpontapepis fermentation is not fo rcgular
as- avhen aﬁiﬁed by yeaﬁ, and is apt to become in part

acetous, before completipg the vinous procefs.—T.
\]
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A}

Tasre 1. Materials of Fermentation *, - -~

Lbs.
Water - - - 4co.
Sugar - ¥OoD. -
Yeatt, in pa&e, fo libs, §Water = L7 391493
compofed of Dry Yeaft ~- 2.7608507
, it et cboaneeng,

Total, 510 libs.

TasLe IE. Conflituent Elements of the Matcnal:

of Fermentation.
l‘xb.t~ SR
407.2391493 Jibs. of water, ¢ Hydrogen 610858724 ".
compofed of Oxygen 346.1532769
Hydrogen 8.
100 /ibs. fugar, compofed of {Oxygen 64.
Carbon 28.

Hydrogen--- .2990716
2. 7608 §07 1:5: of dry yeaft, | Oxygen - 1 64374 57 -
compofed of Carhon 7876519
Azot ¢ 03958135
! gttt
.Total weight 510, Jibs.

Py TasLs.

* The quantities in the ongmal are expreﬁ'ed in the
common divifions of the Paris pound, but, to render the
refults more generally ufeful to the Englifh reader, they
are all here reduced to decimals, which anfwer equ.ally
for any pound —-T.
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TasLE I1L... “Recapitulation of thefe Elements.

bibs.
of the water 340. 3
§ J of the water ° dibs. ‘
229 imthe yeaft 6.1533769 $411.7970226
& | of the fuger - 64, |
| of the dry yeaft 1.6437457 J
a [ of the water 6o. B
o | of the water |
_g 4 in the yeaft - 1.c858724 » 69.375944%
> | of the fugar 8.
T _of the dry yealt 0.2900716 J
o of the fugar 28. .
o] _§ of the yeaft 0.7876519 28.7876519
. Azot of the yeat . =~ - 0.039381§
S Inall gro. libs.

Having thus accurately determined the na-
ture and quantity of the conftituent elements
of the materials fubmitted to fermentation, we
have next-to examine the produ@s refulting
from that procefs. For this purpofe, I placed
the above 510. /ibs. of fermentable liquor in a
proper * apparatus, by means of which I could
accurately determine the quantity and quality
of gas difengaged during the fermentation, and

-7 ' could

* " * The above apparatus is defcribed in the Third Part:
—A. : '
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tould even weigh every one of the produés fe-
parately, at any penod of the procefs I judged
proper.

An hour or two after the fubftances are mixed
together, efpecially if they are kept in a tem-

.. perature of from 66° to 73° of the thermome-

ter, the firft marks of fermentation commence ; °
the liquor turns thick and frothy, little globules
of air are difengaged, which rife and burft at
the farface; the quantity of thefe globules
quickly increafes, and there is a rapid and abun-
dant producion of very pure carbonic acid, ac-
companied with a fcum,.which is the yeaft fe-
parating from the mixture. = After fome days,
lefs or more, according to the degree of heat,
the inteftine motion and difengagement of gas
.diminifh ; but thefe do not ceafe entirely, nor
is the fermentation completed for a confiderable
time.. During the procefs, 35.3458116 Jibs. of
dry carbonic acid are difengaged, which carry a-
long with them 13.9140625 %bs. of water. There
remains in the veflel 46a.7401259 libs. of vinous
" liquor, flightly acidulons. This is at firft muddy,
but clears of itfelf, and depofites a portion of
yeaft. When we feparately analyze all thefe fub-
ftances, which is effe@ted by very troublefome
procefles, we have the refults. as given ‘in the
following Tables. This procefs, with all the
fubordinate calculations and analyzes,will be de-
tailed at large in the Memoirs of the Academy.
P4 Tasrz
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TABLE IV. Produ&: of Fermentation. ‘

b e

£

libs.
35 34581 16 }zbs of éarbo- {O'xy.gen - 25.44900177
nic acid; com- -
L e . Carbon 9-8968099
408 9786816 libs. of water, §Oxygen ~ .. .337.6314019
compofed of UHydrogen -  61.3466797
o -Oxygen,combmea
with hydrogen 31.3897570
I-I drogen, combi-
57. 70160 59 4ibs. of dry al- | T PEH oxygen 5.5393880
cohol, compo- 4 Hydrogen, combi-
fed'of ned with carbon 4.0390625
Carbon, combined -
> | withhydrogen 16.7333984

2,5000000 Zibs. of dry ace- [Hydrogen -  o.1562500
tous acid, com- {Oxygen - 1.%18% 500
pofed-of Garbon - 0.62 50000
4.0940755 libs. of refidaum { Hydrogen - 3275825
of fugar, comm- Oxygen - 2.62011%2
pofedof . ‘| Carbon = 11463758
Hydrogen - .14 50738
1. 38042 54¥ibs.of dry yeaft, J-Oxygen- - 0.8218317
compofed of ; '} Carbon - 0.3938802
Azot - 0.0196397
. 510 Jibs.

5120 Jibs,

TAaABLE
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14

Tasis V. Reoapitulation of the Produdls.

. . “libs.
. “C::;ﬂ' "- " 847.6315019
. - c acid - 25.4490
409.6308595 Jibs. of oxygen J A.lcog?l d_ si;gg 7;;?.
::ho:tnmed ™3 Acetousacid - 14187300
- Refiduum of fugar “2.6201172
LYeasf - .- 08218317

’gifmilc acid =« 2.39690%9
C . . - -%56. 3339 4
28.7954643 I;:;;‘;t;n:agb‘;: Acetous acid -~ | 0.62500c0
the Refiduum of fugar ¥.1463938

: | Yeaft - =" 0.3938802

~Water - - 61.3466797
Water of the alco- = -
: hol ~. =« 35.53p3880
71.5540365 kbs. of hydro- Combined with the .
-~ "gen contain- § carbon of the'al-
ed in the cohol - 4/63906235
Acetons acid: ~ o.x§62500
Refiduum of fugar ©.3275825
T~ 6ag50%38

, '. | Yeaft -
0.0196397 /ibs. of a0t in the yeaft .‘ - .. - ©0.0196397

e a——

510 libs.. : : © sro Bbs.

» In the calculation of thefe refults, .I have
-been exact even to minutenefs : Not that it .is

poffible, in experiments of this nature, to-catxy
our accuracy fo far; but as the experiments
‘were made only with a few pounds of fiegar, and
as, for the fake of comparifon, I reduced: the
refults of the real experiments to the quintal,
or
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or imaginary hundred pounds, I thought it nes
ceflary to leave the fractional parts precifely as
produced by calculation.

When we confider the refults prefented by
-thefe tables with attention, it is eafy to difcover
" exally what occurs during fermentation. In
the firft place, out of the ‘100 libs. of fugar em-
ployed, 4.0940755 /ibs. remain, without having
fuffered decompofition : fo that, in reality, we
- have only operated upon 95.9059245 /ibs. of
fugar ; that is to fay, upon 61.37979168 Zibs.
of oxygen, 47.67247396 libs. of hydrogen, and
26.85365886 libs. of carbon. By comparing
thefe quantities, we find that they are fully {uf-
ficient for forming the whole of the alcohol, car-
bonic acid, and acetous acid, produced by the
. fermentation. It is not, therefore, neceflary to
fuppofe that any water has been decompofed du-
ring the experiment, unlefs it be pretended that
the oxygen and hydrogen exift in the fugar al-
" ready combimed in that form. On the contrary,
I have already made it evident that hydrogen,
oxygen, and carbon, the three conftituent ele- -
ments of vegetable fubftances, remain in a ftate
of equilibrium, or mutual union with each
other, which fubfifts fo long as this union re- °
mains undifturbed by increafed temperature, or
by means of fome new compound attradtion ;

and that then only thefe elements combine,
two
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two and two together,- to form water and carbo-
nic acid.

The effe@s of the vinous fermentation upoh
fugar is thus reduced to the mere feparation of
its elements into two portions ; one part is oxy-
genated at the expence of the other, fo as to
form carbonic acid, while the other part, being
difoxygenated in favour of the former, is con-
verted into the combuftible fubftance called al-
cohol ; therefore, if it were poflible to re-unite
alcohol and carbonic acid together, we ought
to form fugar. It is evident that the carbon .
and hydrogen in the alcohol do not exift in the.
ftate of oil, but that they are combined with a
portion of oxygen, which renders them mifci-
ble with water ; wherefore thefe three {fubftan-
ces, oxygen, hydrogen, and carbon, exift here
likewife in a fpecies of equilibrium, or recipro--
cal combination ; and, in fa®, when they are
made to pafs through a red-hot tube of glafs or
porcelain, this union or equilibrium is deftroyed ;
thefe elements become recombined two and two,
and water and carbonic acid are formed.

I had formerly advanced, in my firt Me-
moirs upon 'the formation of water, that it was
decompofed in a great number of chemical ex-
periments, and particularly during the vinous
fermentation. I then fuppofed that water exift-
ed ready formed in fugar, though I am now con-
vinced that fugar only contains the elements

proper
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proper for compofing it. . It may be readily con-
ceived, that it muft have coft me a good deal
abandon my firft notions ; but by feveral year
refle&tion, and after a great number of exper-
ments and obfervations upon vegetable fubftas-
ces, I have fixed my ideas as above.

I fhall finith what I have to fay upon vinous
fermentation, by obferving, that it furnifhes u

with the means of analyzing {ugar and every .

vegetable fermentable matter. We may con-
fider the fubftances fubmitted to fermentation,
and the produéis refulting from that operation,
as forming an algebraic equation ; and, by fuc-
ceflively fuppofing each of the elements in this

equation unknown, we can calculate their values:

in fucceffion, and thus verify our experiments by
calculations, and our calculations by experiment,
reciprocally. I have often fuccefsfully employ-
ed this method for corre®ing the firft refults
of my experiments, and to diret me in the pro-
per road for repeating them to advantage. I
have explained myfelf more at large upon this
fubje, in a Memoir upon vinous fermentation
already prefented to the Atademy, and which
will fpeedily be publithed. .

13

CHAP

A S A E——
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CHAP. XIV.

: /
Of the Putrefalive Fermensation. -

[VHE phenomena of p‘uiref‘aé’don are caufed,
. like thofe of vinous' fermentation, by the
opergtion of .extreme]y complicated affinities.
The conftituent elements of the bodies which
are fpbmltt.ed to this procefs, ceafe to cantinye .
in equilibrium, in their original threefold com-

. pination, and.form themfelves anew iato binary

combinations ¥, or compaunds, confifting of two

_elements only ; but thefe are gntirely different
_from_the refults produced by the vinous fer-
_mentation. Inftead of part. of the -hydrogen
_remaining united with part of the water and
. garbon to: form alcahol, ‘as in the vinaus fer-

mentatiop, the whole of the hydrogen.is diffi-
pated, during putrefattion, .in the form of hy-
drogen gas 3 while, at the fame time, the oxy-
gen and carbon, uaiting with calotic, efcape in
the form of carbonic acid; fo that, when the

. whole procefs is finithed, efpecially if the ma-

terials

. % Binasy rombinations arefich as:confift of two:fimple

eclements combined together. Ternary, and. quaternary,
contift of three and of four elements.—T.
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terials have been mixed with a fufficient quan-
tity of water, nothing remains but the earth of
the vegetable, mixed with a fmall portion of
charcoal and iron. Thus, putrefattion is no-
thing more than a complete analyfis of vege-
table fubftance ; during which the whole of the
conftituent elements is difengaged in form of gas,
except the earth, which remains in the ftate of
mould *,

“Such is the refult of putrefa&ion, when the
fubftances fubmitted to it contain only oxygen,
hydrogen, carbon, and a little earth. But this
cafe is rare, and thefe fubftances putrefy imper-
fe&ly and with difficulty, and require a.confi-
derable time to complete their putrefa@ion. It
is otherwife with fubftances containing azot,
‘which indeed exifts in all animal matters, and
_‘evenin a confiderable number of vegetable fub-

ftances. This additional element is remark-
ably favourable to putrefaction ; and for this
reafon, animal matter is mixed with vegetable,
when the putrefattion of thefe is withed to be
“haftened. The whole art of forming compofts
and dunghills, for the purpofes of agriculture,
confifts in the proper application of thxs admix-
tm’c. '
The
+ % In the Third Part will be given the defcription of an

* apparatus proper for bemg ufed in experiments of thu
kind.-—A.
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The addition of azot to the materials of pu-
trefation not only accelerates the procefs, but
that element likewife combines with part of the -
hydrogen, and forms a new fubftance, called vo-
latile alkali, or ammoniac. The refults .obtain.
ed by analyzing animal matters, by different
procefles, leave no room for doubt with regard
to the conftituent elements of ammoniac; for,
whenever the azot has been previoully feparated
from thefe fubftances, no ammoniac is produced,
and in all cafes’ they furnifh ammoniac only in
proportion to.the azot they contain. This com-
pofition of ammoniac is likewife fully proved by
Mr Berthollet, in the Memoirs of the Academy
for 1781, p. 316. where he gives a variety of
analytical procefles by which ammoniac is de-
compofed, and its two elements, azot and hydro-
gen, procured feparately. ;

I have already mentioned, in Chap. X. that
almoft all combuftible bodies are capable of
being combined with each other : Hydrogen gas
poflefles this quality, of combining with other
combuftible fubftances, in an eminent degree:
It diffolves carbon, fulphur, and phofphorus,
producing the compounds pamed corbonated hy-
drogen gas, fulpburated bydrogen gas, and pho/~
phorated bydrogen gas. The two latter of thefe
"the fulphyrated hydrogen gas has a firong re:
femblance to the fmell of rétten eggs, and the

phofphorated

’ .
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phelphorated fmelly exp@ly like: putrid - fith.
Ammonjac has- likewife a peguliar odeyr, not
lefs pepetrating or lefs. difagresable than thefe
athér.gafes. From. the mixture of thefe diffes-
ent flavours, praceeds the fetor which always agc-
eompanies the. putrefation of animal fubftap,
ces. .Sometimes the ammonigc predominases,
which is eafily perceived by its fharposfs upan
the eyes ; {ometimes, as.in feculent. matters, the
fulphurated gas is molt prevalent; snd {ame-
dimes, as in putrid herrings, the phofphorated
kydrogen gas.is moft abundant, .- .

.1 long fuppofed. that nothing - could devrangp
- or interrupt the cour(e of putrefadtion ; hut
Mr Fourcroy and Mr Thouret have obfgrved
fome. ptculiar phenomena in dead badigs, hy-
sied at a certain depth, and preferved to a-ger-
tain degree, from conta& with. air 5 :having

found the mufcolar flefh frequently copverted -

‘into true animal fat *. This muf. have arifen
fremy the difengagement, by fome .unkpown
caufe, of the azot, naturally contained in the
animal fubftance, leaving only the hydragen
.and carbon remaining, which .are the elements
'ptoper for ptoducmg fat or oil, - This ohferva-

tion,

* This procefa has been lately imitated artlﬁcwny, and
the fatty fubftance, exallly fimilar in all refpeéts to fper-
maceti, can be readily made from the fleth or mufcular
pasts of all animal bodies,—T.
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tion, on the poffibility of converting animal fub-
ftances into fat, may fonre time or other lead to
difcoveries of great importance to fociety. The
feces of animals, and other excrementitious
matters, are chiefly compofed of carbon and
kydrogen, and approach confiderably to the na-
ture of oil, of which they furnifh a confiderable
quantity by diftillation with a naked fire; but:
the intolerable fator, which accompanies all
" the products of thefe fubftances, prevents our.
expeding that, at lealt for a long time, they can.
be rendered ufeful in any other way than as
manures. :

I have only given conjeCtural approxlmatmns.
in this chapter, upon the compofition of animal
{ubftances; which-is hitherto imperfeétly under-
fiood.- We know that they are compofed of hy-
drogen, carbon, azot, phofphorus, and fulphur,
all of which, in a ftate of quintuple combina-
tion, are brought to the ftate of oxyd by a larger
. or {maller quantity of oxygen. We are, how-
ever, ftill unacquainted with the proportions in
which thefe fubftances are combined, and muft
leave it to time to complete this part of chemi-
cal analyfis, as it has already done with feveral
pthers.

Vo 1. Q CHAP.
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CHAP. XV.

. Qf the Acetous Fermentgtion.
-t . . . . » ' [N

"HE acetous fermentatidn: is nothing more
than thc.acidiﬁcapion or,oxygenation of
wine ¥, produced in the openf-air, by means of
the abforption of oxygen. - The refulting acid
is‘the acetous acid, commonly- called- Vinegar,
which is compofed of hydrogen and carbon
united together in proportions not yet afcertain-
ed, and changed ‘into the acid ftate by oxygen.
As vinegar is an acid, we mlght conclude - from
analogy, that it contains oxygen, but this is
put beyond doubt by direét experiments: In
the firft place, we cannot change wine into vine-
gar without the conta® of air containing oxy-
gen ; fecondly, this procefs is accompanied by
a diminution of the volume of the air in which
it is oarrxed on, from the abforption of its oxy-
gen; and thirdly, wine may be changed into

vinegar, by any other means of pxygenation.
Independent

* The word Wine, in this chapter, is ufed to fignify the
liguor produced by the vinous fermematlon, whatever ve-
getable fubftance may have been ufed for obtaining it—T,
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.:Iadependent of . thé proofs whichethefe facts
fuenifh of the acetous adill- being produced by
: the.oxygenation of i wine, an:expetiment: made
- by Mr Chaptel, Profeffor of Chemiftry:at Mons-
-pelliet, gives a:diftin@ view of what takes place
in this procefs.:. ‘He impiegnated fome water
withr about :ifs. own :bulk of, ‘carbonic acid: from
. fermenting beer,. and iplaced. this water-in'a
<ellar,.in. veflels. communicating with the air,
and in.z fhorst time.the whode :was.cenverted . in-
1o acetons.acidy < This ‘carbonic acid gas, pro-
. cared - frony beer wats.ip-fermentatian, is. not
pesfe@ily :pure, but: contains a great quantity..of
alcehol in folution, wherefore water impregna-
ted with-it:contains. all ‘the .materials ‘néceffary
for forming the.acetous acid.. The alcohol fur-
nifhes hydrogen and one portjon of carbon ; the
carbonic acid furnithes oxygen and the reft of
the carbon ; and the air of the atmofphere fur-
nifhes the reft of the oxygen neceflary for.chan-
. ging the mixtur¢ into acetous acid. ~ From this
obfervatlon it follows, that nothimg but hydro-
£en ip, wanting to convert carbonic acid into ace-
tous acid; or, more generally, that, by means
of hydrogen, and according to the degree of
oxygenation, carbonic acid may be changed in-
to all the vegetable acids ; and, qn the contrary,
that, by depriving any of the vegetable acids of
their hydrogen, they may be converted - into

carbonic acid. :
Q2 Although
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¢ Although the principal fal@s relating to the
acetous acid are well. known, yet numerical pre-
- cifion is ftill wanting,. until furnifhed by more
-exal experiments than any hitherto perform-
¢d ; wherefare I fhall not enlarge any farther
-ypon the fubje@. It is fufficiently fhewn by
‘what has been faid, that the conftitution of all
the vegetable acids and oxyds is exadly con-
formable. to the fermation of vinegar; but far-
ther experiments areé neceflary to teach us the
-proportion of the conftituent elements in all
‘thefe. amids and oxyds. We may ecafily per-
ceive, however, that this part of chemiftry, like
all the reft of its divifions, makes rapid progrefs
‘towards. perfection, and .that it is already ren-
dered greatly. more.ﬁmple tban was formesly be-
hevcd .

c‘H' & Pv
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CHAP. XVIL

Of the Formation of Neutral Salts, and of their
. different Bafes.

‘¥ E have juft feen, that all the oxyds'and
acids from the animal and vegetable
kingdoms are formed from a fmall number of
fimple elements, by means of combination with
oxygen, or at leaft from fuch bodies as have not
hitherto been fufceptible of decompofition, and .
which muft therefore be confidered as fimple
fubftances,in the prefent ftate of our knowledge ;
thefe are azot, fulphur, phofphorus, carbon, hy-
drogen, and the muriatic radical *. We may
juftly admire the fimplicity of the means em-
ployed by nature to multiply qualities and forms,
whether by combining three or four acidifiable
bafes in different proportions, or by altering the

Q3 . : ~dofe

.- % ] have not ventured to omit this element, as here
enumerated with the other principles of animal and ve.
getable fubflances, though it is not at all taken notice of
in the preceding chapters as entering into the compofition
of thefe bodies. It has been already mentioned, in a
former note, that the muriatic radical is fufpected to be

hydrogen.~—T.
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dofe of oxygen employed for oxydating or aci-
difying them. We fhall find the means no lefs
fimple and diverfified, and as abundantly pro-
ducive of forms and qualities, in the order of
bodies we are now about to treat of.

Acidifiable fubftances, by combining with
oxygen, and their confequent converfion into
acids, acquire a great fufceptibility for farther -
combination ; they become. capable of- uniting
with .alkaline, earthy, and metallic bodies, by
. which -means neutral falts are formed. Acids
inay thereforé be confidered as true f2/ifying prin-
ciples, and the fubftances with which they unite
to form neutral falts may be called falifiable
bafes: The nature of the union which thefe two
principles form with each other is meant as the
fubject of the prefent chapter.

The foregoing view of the acids prevents
them from being confidered as falts, though
they are poffeffed of many of the principal pro-
perties of faline bodies, as folubility in water,
&c. It is already obferved, that they are the
refults of a firft order,of combination, being
compofed of two fimple elements, or at leaft of
elements which act as if they were ﬁmple, and
they may therefore be,ranked, to ufe the lan-
guage of Stahl, in the order of mixts. The
neutral falts, on the contrary, are of a feconda-
ry order of combination, being formed by the
union of two mixts wrth each other,and may

therefore
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therefore be termed compounds. Hence I fhall
not arrange the alkalics* or earths in thie clafs
of falts, to which I allot only fuch as are com-
pofed of an oxygenated fubftance united to a fa-
lifiable hafe.
. I have already enlarged{ fufficiently upon the
formatnon of acids in the preceding chapter, and
fhall not add any thing farther upon that fub-
ject ; but having as yet taken no notice of the
falifiable bafes which are capable of uniting
" with them to form neutral falts, I mean, in this
chapter, to give an account of the nature and
origin of each of thefe bafes. Thefe are potath,
foda, ammoniac, lime; magnefia, barytes, argil {,
and all the metallic bodies.

R § 1. Of Potafh.

,We have already fhewn, that when a vege-
table fubftance is fubmitted to the aion of fire

Q4 in

# Perhaps thus rejecting the alkalies from the clafs of
falts may be confidered as 4 capital defeét in the method
here adopted, and I am ready to admit the charge ; but
this inconvenience is compenfated by fo many advanta-
ges, that I'could not think it of fufficient confequence to
mzke me alter my plan.—A.

'+ Called Alumine by Mr Lavmﬁer‘ but as Argil has
been in a manner naturalized to the ']anguage for this fubx
flance by Mr Kirwan, I bave ventuml to ufe it in prefe- .
rence.—T.
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in diﬁilling veflels, its component elements, oxy-
gen, hydrogen, and carbon, which formed a
threefold combination in a ftate.of :equilibrium,

“unite two and two, in-obedience to affinities _

which aé& conformable to the degree of heat
employed. Thus, at the firft application of the
fire, whenever the heat produced exceeds the
temperature of boiling water, part of the oxy-
gen and hydrogen unite to farm water ; foon
after, the reft of the hydrogen and part of the
carbon combise into oil ; and, laftly, when the
fire is pufhed to the red heat, the oil and wa-
ter, which had been formed in the early part
of -the procefs, become again decompofed, the
oxygen and part of the carbon unite to farm
carbonic acid, a large quantity of ,hydrogen gas
is fet free, and nothing but charcoal remains in
‘the retort.

A great part of thefe phenomena occur de-
ring the combuftion of vegetables in the open
air ; but, in this cafe, the prefence of the air
introduces three new f{ubftances, the oxygen
and azot of the air, and caloric, and, of thefe,
-two at leaft produce confiderable changes in the
refults of the operation. In proportion as the
hydrogen of the vegetable, or that which a-

rifes from the decompofition of the water, is-

forced out in the form of hydrogen gas by the

progrefs of thefire, it is fet on fire immediately -
upon getting into contat with the air, water is-

again formed, and the greater part of the calo-
ric
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tic of the two gefes becoming free produces
flame. When all the hydrogen gas is driven
out, burnt, and sgain reduced to water, the re-
maining carbon continues to burn, but without
flame ; it is formed into carboni¢ acid, which
carries off.a postion of caloric fufficient to give
it the gafeous form ; the reft of the caloric,
from the oxygen of the air, being fet free, pro-
duces the heat and light obferved during the
.combuftion of the carbon. The whole vegetable
is thus reduced to water and carbonic acid, and
nothing remains but a fmall portiog of grey ear-
- thy matter called afhes, being the only really
fixed principles which enter into the conftitu-
tion of vegetables.
The earth, or rather athes, which feldom ex-
- ceeds a twentieth part of the weight of the ve~
getable, contains a fubftance of a particular na-
ture, known under the name of fixed vege-
table alkali, or potafh, To obtain this, water is
poured upon the aghes, which diflolves the pot-
ath, and leaves the athes which are infoluble ;
by afterwards evaporating the water, we. obtain
the potath in a white concrete form : It is'very
fixed even in a very high degree of heat. I
do not mean here to defcribe the art of prepa-
ring potafh, or the method of procuring it in
a ftate of purity, but haye entered into the
above dgtail merely that I might not ufe any
word, not previoufly explained.
' ‘ The
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The potafh obtained by this procefs, is always
lefs ot more faturated with' civbonic acid, which
is eafily accounted for: As the potath doés ‘not
form, or at leaft is not fet free, but in propor-
tion as the carbon of the vegetable is converted
into carbonic acid by the addition of oxygen,
either from the air or the water, it follows, that
-each particle of potath, at the inftant of its for-
‘mation,-or at leaft of its liberation, is in conta&:
with a particlevof carbonic acid, and as there is
~ a confiderableaffinity between' thefe twao..fub-
ftances, they naturally combine:together. Al
though the carbonic acid has lefs affinity with
wotafh than' any other acid, yet it is difficult to

feparate the laft portions from is. The moft
wufual method of accomplifhing this is to diffolve
the potath in water; to this folution two or
three times its weight of quicklime :are added,
then the liquor is filtrated, and evaporated in
clofe veffels ; the faline fubftance left by the
evaporation is potath almoft entirely deprived of
carbonic acid. In this ftate it is foluble in an
equal weight of water, and even attradls the
motfture of the air with great avidity ; by this
property it furnifhes us with an excelleat means
of rendering air or gas dry by expofing them to
“its action. In this ftate, it is folyble in alco-
hol, though not whep combined with carbonic
acid ; and Mr Berthollet employs this property -
as a method of procuring potafh in the ftate of
perfect purity. ,
: All
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All vegetables yxeld lefs or more ‘of potafh in
confequence of combuftion, bet it is furnithed
in various. degrees of purity by different vege-
tables ; ufually, indeed, from whatever fource
it be procared, it is mixed with different falts,
‘from which, however, it is eafily feparable. We
can hardly entertain a doubt, that the afhes, or
earth, which is left by vegetables in combuftion,

+ . pre-exifted in them before they were burnt,

forming what may be called the fkeleton, or
offeous part of the vegetable. But it is quite
- otherwife with potafh : this fubftance has never
yet been procured from vegetables but by means
of procefles or intermedia capable of furnifhing
oxygen and azot, fuch as combuftion, or by
means of nitric acid ; fo that it is not yet demon-
firated that potafh may not be a produce from
~ thefe operations. I.have begun a feries of expe-
riments upon this -fubje&, and hope foon to be
able to give an account.of ‘their refults.

§ 2 Of Soda.

_ Soda, like potafh, is an alkali procured by

_lixiviation from the afhes of burnt plants, but
enly from thofe which grow upon the fea-fide,

and efpecially from the herb £ali; whence is de-
rived the name alkali, given to this fubftance
by the Arabians. It has fome properties an
common with potafh, and others which are en-

tirely different : In general, thefe two fubftan-
“ces have peculiar chara&ters in their faline com-
bindtions, .
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binations, which are proper to each, and confés
quently-diftinguith them from each other: thus
foda, which, as obtained from marine plants, is
ufually entirely faturated with carbonic acid,

does not attract the humidity of the atmofphere

like potafh, but, on. the’ contrary, it deficcates,
its cryftals efflorefce, and are converted into a
white powder having all the properties of foda,
which it really is, having only loft its water of
cryftallization.” -

Hitherto we are not better acquamted with
the conftituent elements of foda than with thofe
of potath, being equally uncertain whether it
previoufly exifted ready formed in the vegetable,
ot if it be a combination of elements effeed by
combaftion. Analogy leads us to fufpe, that
azot is a conftituent element of all the alkalies,
as is the cafe with ammoniac § but we have only
flight prefumptions, unconfirmed by any decifive
experiments, refpecting the compoﬁtxon of- pot~
afh and foda *,

_ §3. 0F

* Thcre are fome expenment! related in the Tranfac-
tions ofthe Turin Academy, which give reafon for fup-
pofing that foda 15 a modification of magnefis : This latter
fubftance, according to the experimients detailed by Baron
Born, and mentioned in the additional feftion of this chap-
teg, feems to be a metallic oxyd. From amalogy we may
prefume, that potath is likewife 3 metallic fubftance, in
fome hitherto unknown ftate of combination. We fhall
thus exclude all the alkalies from the clafs of ﬁmph cle.

mentary fubftances.—T.
]
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§ 3. Of dmmoniac.

We have, however, very accurate knowledge
of the compofition of ammoniac or volatile al-
kali, as it is called by the old chemifts. Mr

- Berthollet, in the Memoirs. of the Academy for

- X784, p.. 316',.has proved by anmalyfis, that
.parts of this fubftance confift of about 807 parts
of azot combined with 193 parts of hydsogen. -

Ammoniac is chiefly procurable from animal
fubftances by diftillation, during which procefs -
the azot and hydrogen neceflary to its forma-

_ .tion unite io proper proportions ; it is not, how-
.ever, procured pure by this procefs, being mix-
ed with oil and water, and moftly faturated with
~carbonic acid. To feparate thefe fubftances, it
i firk combined with an acid, the. muriatic for
inftance, and then difengaged from that com-
bination- by the addition of lime or potafh.’
‘When ammoniac is thus produced in its greateft
.degree of purity, it can only exift. under the
~gafeous form, at leaft in the ufual temperature of
the atmofphere ; it has an exceffively penctrating
fmell ; it is abforbed in large quantities by water,
" efpecially if cold, and affited by compreffion.
‘Water thus faturated with ammoniac has ufual-
Jy been termed volatile alkaline fluor ; we fhall
¢all it cither fimply ammoniac, or liquid ammo-

. mia,
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niac, and ammoniacal gas when it exifts in the
aériform ftate *.’

§ 4. Of Lime, Magnefia, Barytes, Argil, Stron-
‘ tzte:, ercqn Glucme, I' ttr‘m, arzd qu/?ine.

J..

i The compoﬁtlon of thefe barths is. totally
~unknbwn, and until, by new dlfcovenes, their
« conftituent elements are-afcertained, we are cer-
tainly authorifed to confider them as fimple bo-
dies. * Art has no fhare in the producion of
thefe earths, as they are all procured ready

-formed from nature ; but, as they-have all, efpe-

-cially the- three firft, great tendency:to.com-
bination, they are never found pure. Lime is
~ufaally faturated with carbonic acid in the ftate
of chalk, calcareous {pars, meft of the marbles,
&c. ; fometimes with fulphuric acid, as in'gypfum
-and plafter ftones; at other times with"fluoric
-acid forming vitreous or-fluer fpars ; and, lattly,
-it is found. in-the waters of the fea, and of faline

. » . fprmgs .

. The nomenclature of the alkalies ptopofed by Dr Black
feems better than that adopted by Mr Lavoifier and the
French chemifts, sza, trona, and ammona, are egually
convenient for ufe as potaffa or potafh, £oda, and ammo-
niac, and they are not fo apt to lead into miftakes ; for the
words of the new French chemical nomenclature have too
much refemblance to old terms ufegd for very different fub-
ftances, or at leaft. for very different ftates, in a chemical
light, of the fame {ubftances.—T.
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fprlngs, combined with muriatic-acid. OF all
the “falifiable bafes, it is the moft uuxverfally
fpread through nature.

Magnefia is found in mineral waters, for the
moft . pirt combined with fulphuric- acid; it'is-
likewife abundant in fea-wate¥, united with mu-
riatic acid aﬂd it exifts in a’ great number of
ftones of different kinds.

‘Barytes is >much lefs common: than the two’
preceding earthsy it is found in:the mineral’

- kingdom, combigied with fulphuric acid, forming’
héavy fpars, and fometlmes, though rarely, uni-
ted.to carbonic adid. .

. Argil, or the bafe of alum, having lefs' ten-
dency:to combination with the other earths, is

.often found 'in the ftate of argil, uncombined
with any acid: It is chiefly procurable from
clays,:of which, praperly fpeaking; it is the bafe,
or chief ingredient *.

#.0On the 4th of November 1793, Dr Hope,
now Profeflor of Chemiftry in the Univerfity:
of -Edinburgh, read to the Royal Society of
Edinburgh, a very elaborate analyfis of a non-
defcript mineral from the mines of Strontian in
Argylefhire ;. to which, from its place and ftruc-
ture, he gwes the name of S§trontitic-fpar ; and

' Whlch

» F or reafons fimijar to thofe given in the precedmg.
note, Dr Black propofed to name thefe four fimple earths,
Cplca, Magngﬁa, Baryta and Arga.—T.

-
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which he finds te confift of 8 peculiar earth, hi-
therto yndifcovered in any other mineral body,.
combined with carbonie acid. To this earth he
hasaffigned the name of Stromtites, which agrees
very well with the new nomenclature ; only that,-
perhaps, Strontita would have been more regular,
for the reafons mentioned in.the two- preceding-
notes. In this elementary treatife, a detailed ac-
count of this important difcovery cannot be gi-
wen ; for which the reader is referred to the
Tranfa@ions of the Rayal Society of Edinburgh.
Strontites has a pungent acrid tafte ; is foluble
both in hot and #ld water, but much more fo in.
hot, from which it cryftallizes in cooling; its cald
folutions attrat carbonic acid from the atmo-
fphere, form a cruft of carbonate of Strontites on
the furface, which breaks and falls to the bottom,
exactly as in lime, gnd js' rediffolved by an ex-
cefs of acid. Strontites comhines with the various
acids, forming neutral falts ; and poffeffes diffe-
-vent affinities with the acidg from the other known
earths. One of jts moft yemarkable properties,
hoth whea pure and in combination with the
acids, is that of tinging the flame of combuftible
bodies of a deep blood red colour ; to produce
which effe@, however, fome moifture muft be
- prefent. The order of affinities of the principal
acids with Strontites, as determined by Dr
Hope’s experiments, is as follows:

Sulphuric.
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Salphuric. Nitrie. + Acetous.
. Oxalic, Muariatic. Arfeniac.’ .
+ Tartarous. Succinic. Boracic,
Fluoric. Phofpheric. Carbonic. -

.~

Its order of affinities with the feveral acids,
zelative to the other falifiable bafes, {o far as af-

certained by Dr Hope, are inferted in the refpcc-« -

tive tables in Part 11%.”

¢ Several new earths §, or what have been fup-
pofed fuch, have lately been difcovered by dif-
ferent foreign chemifts. Klaproth, in his ana-
lyfis of the jargon, thinks he has dete@ed a new
earth, to which he gives the name of Zircon,
and which conftitutes 68 hundredth parts of
that foffil ; the reft being filex, with half a part
of iron combined with nickel. Zircon is white,
harfh, and infipid ; its fpecific gravity being to
water as 4. 300 to 3.000. It is infoluble in wa-
ter, but upites into a gelatinous mafs, which be-
cames hard and femi-tranfparent when dry. It
_daes not diffelve in a folution of potafh or foda,
even by boiling. With the blow-pipe, evem
with the alkalies, it is infufible ; but.rums into 3
tranfparent colourlefs glafs with borax. With
Vor. L R R intenfe

* The wbole of this account of Stronntes, was addcd by
the tranflator to the third edition.—T.

+ This account of the new earthsis added to thc pre-
fent cdition by the tranflator.—T,

i
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intenfe heat, it'becomes. vitrefcent per f, and is
then extremely hard. It forms neutral fglts

* with the acids ; and thefe are decompofible by

all the alkalies, and by heat alone.” :

“ Vauquelin gives the name of Glaucine, to
an earth which he has difcovered in the emerald
and beryl. It is white, light, foft, infipid, and
adheres flightly to the tongue. It is mot foluble
in water, nor fufible per fe. It is foluble in the
pure fixed alkalies, and in carbonat of ammo-
nia. With moft of the acids it enters-into com~
binations, forming neutral falts of a highly fac-
charine tafte. Its affinities with the acids are
intermediate between thofe of magnefia and .ar.
gil.”

- ¢ QGadolin, in a new foffil named Ytterby, has
dete@ed a new earth, which he calls Yttria. It
is white, fmooth, and infipid ; infoluble in the al-
kalies ; infufible alone, but vitrifies with borax 3
forms . neutral falts with the acids, and is pre-

cipitated by ammonia, by pruffiat of potath, aad

by tanin. Its falts are different in tafte from
thofe of glaucine; and, as fome of its falts are
coloured, it has been confidered as intermediate
between the earths and metals.”

« Tromm{dorf, in the Saxon beryl, thinks he
has difcovered a new earth, which he calls 4gu/~
tine, from its falts bemg taﬂelefs. It is infoluble
in the alkalies, either in the humid or dry way
of operatmg ; infoluble in water; but fome-

what
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what duile. - Ina firong heat it becomes very
hard. With the acids it forms neutral falts.”

§ 5. Of Metallic Bodies.

The metals, except gold, and fometimes fil-
wver, are rarely found in the mineral kingdom in
their metallic ftate, being ufually lefs or more
faturated with oxygen, or combined with ful-
phur, arfenic, fulphuric.acid, muriatic acid, car-~
bonic acid, or phofphoric acid. Metallurgy, or
the docimaftic art, teaches the means of fepara-
ting them from thefe foreign matters ; and for
this purpofe, we refer to fuch chemical books as
treat upon thefe operations. .

We are probably only acquainted as yet with
a part of the metallic fubftances exifting in na-
ture, as all thofe which have a ftronger affinity
to oxygen than carbon poflefles, are incapable,
hitherto, of being reduced to the metallic ftate,
and confequently, being only prefented to eur
obfervation under the form of oxyds, are con-
founded with earths. It is extremely probable
that barytes, which we have juft now arranged
with earths, is in this fituation ; for in many ex<
periments it exhibits properties nearly approach-
ing to thofe of metallic bodies. It is even pof-
fible that all the fubftances we call earths may
be only metallic oxyds, irreducible by any hi-

therto known procefs. ‘
‘R2 < Thof2
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". Thofe metallic bodies we are. at prefent ac+
quainted with, and which we can-reduce to the
metallic or regulme ftate, are the following

.

feventeen.
Latin Names. Englifb Names,
1. Arfenicum - Avrfenic.
2. Molybdenum - Molybdena. -
3. Tungftenum . Tungftein.
4. Mapganefum - - Manganefe.
5. Nickolum °~ - Nickel.
6. Cobaltum - Cobalt.
2. Bifmuthum - ° Bifmuth.
8. Antimonium - Antimony.
9. Zincum - Zinc. “
30. Ferrum - Iron.
11. Stannum - Tin.
© 12. Plumbum - Lead.
" ¥3. Cuprum - Copper.
14. Metcurium - Mercury,
- 25. Argentum - Silver.
- 16. Aurum - Cold.
17. Platinum - Platina *,
* To thefe, may now be added the following new
18. Barytum. 22. Titaninm.
19. Magnefium. 3. ‘Tellorium.
20. Calcum. - 24 Chromm

Y oar. Utamum.

For which fee the immediately fubfequent Se&lon, addd

umnly b] the Tranflator—T.
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I only meaan to confider thefe as falifiable bafes,
Without entering at all upon the confideration of
their properties in the arts, and for the ufes of
fociety. In thefe paints of view, each metal
‘would require a complete treatife, which would

lead me.far beyond the bounds I have prefcri-
bed for this work.

% 6. Of the Metallic Naturé of the Earths;
and of feveral newly-difcovered Metals *. .

* Tii the labordtory of the Academy of the
Inines ‘at Chemnitz in Lowet Hungary, fome
experinients have been lately made, by Meflis
Tond: and Ruprecht, by which the number
of the metals' feems to be Sonfiderably aug-
mented. Befides afcertaining the real metallic
nature*of Tungftein, Molybdena, and Manga-
nefe, which fome chemifts had doubted, but all
of which "have been reduced to the regutine

Rj © form

® The whole of this fetion has been addsd by the
Tranflator. So much as refers to Barytes, Magnefia,
Chalk, and Uranium, was inferted in the fecond, thir&,
and fourth editions : What relates to Titanium, Tellu-
fium, and Chromum, is now firft added to this fifth edi-
" tion.~T. R s
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form by thefe two chemifts, they have fucceed-
ed in procuring metallic reguli from Chalk,
Magnefia, and Barytes. Of thefe experiments,
.it may be proper to give fome account in this
. place, from the defcription of the cabinet of

.Mademoifelle Raab of Vienna, by Baron Born.”

1

Bérym.

 After having purified fome Barytes, by re-
peated fufions and precipitations, it was mixed
.with an eighth part of its weight ‘of powdered
charcoal, and made into a pafte with lintfeed
oil : this was put into a crucible, furrounded
by powdered charcoal, and fubmitted to a ftrong
thelting heat for an hour and a half. A perfe&t
metallic regulus was procured, of an iron-grey
colour and uniform metallic luftre: its texture
1s lamellated, compofed of large diftin& lamellz,
which crofs each other: it is brittle, but not
hard, and readily takes a polifh ; is attra&ted by
the magnet, notwithftanding every poffible pre-
caution to feparate any mattial oxyd which might
have previoufly been mixed with the mineral,
The fpecific gravity of this new metal is 6.744,
‘water being taken as unity.”

Magnefia.
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~Magnq/z‘a.

« By treating the carbonat of magnefia in the
fame ‘nanner, they-obtained a convex lump or
globule of metellic regulus, of a bright grey co-
lour, fimilar to platina which has not been fully
purified from iron. This regulus is harder than
thofe obtained from tungftein or molybdena ; it
is granular'and fomewhat ftriated-in its texture
when broken, and is not affeed by the mag-
net. Its fpecific - gravity and other properties
have not yet been afcertained.”

Chalk.

« By the fame method of ptoceeding, a regu-
lus has likewife been procured from carbonat. of
chalk. The button was convex, and very com-
pat in its texture ; in colour and luftre it came
very near to the appearance of platina, and it
took a fine polith. Its fpecific gravity, and che-
mical relations, have not yet been afcertained by
experiment.” - ~

¢ Thefe experiments have been frequently re-
peated by the above-mentioned gentlemen, and
always with the fame refults. Should they e-
ventually be confirmed by rigorous examina- -
tion, 2 new light*will be thrown on feve:al of

' Rg - . the
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the moft difficult parts of chemiftry by thefe dif-
coveries, which have already been in a great
meafure predicted, by the conje@ure of Mr La-
voifier, who fuppofes that thofe fubftances, which
bave lang been confidered as primitive earths,
are only metallic oxyds combined with oxygen,
and that their reduétion has hitherto been pre-
rented by the attra&ion which fubfifts between
them and oxygea being fironger than that be-
tween-oxygen and carbon.”

Mr Baron Bora adds to the above aceount,
¢ that he expeds foen to learn that the filicepus
 and argillaceous earths are likewife metallic
_ “ oxyds, and that, in this cafe, the whole clafs
« of earths and ftones will difappear from the
“ mineral kingdom. The difcovery is certainly
“ one of the moft important that modern ehe-
* miftry. has produced for a long while ; it muft
“ have great influence in changing our metal.
« lurgic procefles, which will thereby become
# more certain in their refults, and more fcien-
¢ tific in their applieation ; even every branch
¢« of chemiftry may receive confiderable light
“ and improvement from their influence. Per.
¢ haps gold and filver are the only pure metal-
. ¢ lic fubftances hitherto known, as it.is proba-
¢ ble, that fome part of the, till now unknown,
“ metals, from the earths employed for facilita-
¢ ting the {melting of ores, may mix with the
s metals which we extra from thefe ores, and

¢« debale
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“ debafe them ; fo that, inftedd of fimple or
¢ pure metals, which they were formerly con-
“ fidered, ‘thefe may only be. alloys, of the in-
« gredients-of whicp we are ftill ignorant. Per-
 haps the regulus of barytes and of chalk are
«“ foluble in the fame acids, and pyecipitated by
“ the fame elective attrations, as the regulus
¢ of copper, which may be-the caufe of this
“.mixture not being hitherto fufpe@ed. From
*“ this mixture, or alloyage, the harfhnefs and
v« greater or leffer. du@ility of iron, copper, tin,
“ and other metals, may be derived. All thefe
*“ conjeCtures can only be afcertained or reje&-
“ ed, when all thefe newly-difcovered metals
# fhall have been properly examined, and their
“ chemical affinities compared accurately with
“ thofe of the metals already known, and with
‘ each other. One thing feems highly proba-
“ ble, that one or other of thefe new metals
* will precipitate fome of the other metals. from
“_folutions in a metallic form, and by this pre-
‘¢ perty many metallurgic procefles may become
¢« greatly facilitated and abridged.”

“ Thefe, difcoveries give reafon to hope that
chemiftry may one day arrive at a moft peauti-
ful Rate .of fimplicity. It is perhaps no im-
probablg conjeture, that all the bedies in na-
ture may be referred to onk clafs of fimple com-

-buftible elementary fubftances, to oxyges, and
to caloric ; and that, from the various combi-
nations
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nations of thefe with each other, all the variety

produced by nature and art may arife. The on-
ly known difference between metals and pure
combuftibles, as they are called, is in degrees of
~ qualities : They are all combuftible, that is, they

" all combine with oxygen, though under differ--

“ent degrees of temperature : They are all folid,
or liquig, or agriform, fixed or volatile at differ-
ent temperatures : In different degrees of fatu-
ration with oxygen, they form oxyds, which
have alkaline properties or acids, In the ftate
of oxyds, the formerly known metals have all
the properties of what were formerly called

, primitive earths, which are now at leaft fufpe-
ed of being metallic oxyds: Even the a€riform
nature of ‘hydrogen- and azot, which does not
feparate them froln the- reft o far as combufti-
bility is concerned, is-only a difference in degree

‘of volatility. We do not exclude mercury from
the metals, becaufe it is volatile in the tempe-
rature of 600°, and fufes at —4o°, though iron

" is fixed at 24000°, according to Mr Wedge-
wood’s experiments, and requires 25077° for its

‘fufion; why then fhould hydrogen and azot be

excluded from a clafs with which they agree -

in {o many particulars, ‘becaufe their points of
fufion and volatility are perhaps as many de-
grees below thofe ‘belonging * to - mercury ds
-this latter falls fhort of thofe of iron; or why

fhould carbon, fulphur, and phofphorus, not
’ ' be
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be confidered as metals, becaufe their fpecific
gravity, and luftre, and du@ility, differ from
the bodies. called metals, which differ fo much
in thefe particulars among themfelves ?

. ¢ Tothefe three new metals Mr Tondi wifhes
to- give the names of borbonium, for the re-
gulus of barytes ; auftrum, for the regulus
from magnefia ; and parthenum for that of
chalk., It were hard to deny a difcoverer the
right of giving names to his own difcoveries,
witheut fome' reafonable objecion; but thefe

games would introduce confufion into chemi-'

cal nomenclature, which it has been the great
obje@ of the French chemifts to reform, and
render regular; wherefore I would propofe
that they fhould be named barytum, magne-
fium, and calcum : Thefe accord with the re-
formed old names of the fubftances from
which they are procured, merely by chan-
ging to the neuter gender, in which all the
names of the metals are placed in the new
nomenclature, and then the three, formerly
called earths, will be oxyds of thefe metals
refpeitively, or bdaryta, magnefia, and calca,
. if fingle terms are preferred, thefe latter be-
ing in the feminine gender, which is appro-
priated to alkaline fabftances in the new no-
menclature, '

“ It muft not,  however, be’ concealed, that-

the truth of thefe- difcoveries is ftrongly con-
tefted

.
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tefted' by very “eminent chemifts; who infift
that the metallic buttons, produced in thé
experiments of *Meflrs Tondi and Ruprecht;
arife entirely from the manganefe and iron of
the charcoal, of from fome fimilar alloyage of
* materials from the crucibles or.tefts employ-
ed, and that they have no farther pretenfions
to be .confidered as diftin&t metals than the
fiderite, now ‘known to be phofphorated iron,
or than plumbago, or black-lead.” :
- % Mr Klaproth, a celebrated chemift at Ber-
lin, has lately difcovered a new metal; ¢
which he gives the name of Uranium; and he
diftinguifhes its various mineral forms by the
‘generic term of Uranite. His numerous ex-
periments on this fubjet ar¢ publifhed in
Crell’s Chemical Jourpal, and in the Anneles
de Chymie; and the following general ac-
count of the. minerals, tand of the metal, was
confidered as proper to be given in this
place. - : .

“ The Uranite occurs in feveral forms which
were formerly overlooked, .by chemifts and
mineralogifts, being confidered- a8 very poor
ores of copper, becaufe they moftly contdin a
little of that metal ¢: They are chiefly foand
near Johan-georgen Stadt in Saxony, Salfeldt
in- Thuringia, and Joachims-thal in Bohemia :
Thefe may be divided into three genera, the
ochreous, the {fpathiform, and the mineralie

1ed,‘
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ged, or ore. The ochreous, or uranite ochre,
ealled wranit-aker, in the German language,
is of a lemon yellow colour of various fhades,
and being frequently more or lefs mixed with
" iron ochre, its colour is thereby changed to
various fhades of brown; fometimes it is in
a powdery ftate, and at other times it is
caked together in mafles of different. degrees
of compadnefs; it is generally found cover-
ing or adhering to pieces of the mineralized
uranite.  The fpathiform, or uranite fpar,
called in German uranit-fpath, the cbalkolith
of Mr Werner, is generally of a deep grafs
green colour, fometimes verging to a. filver
white, and at other times to a light yellowifh
green; it is fometimes compa& and irregular
in its form, and is fometimes cryftallized in
fmall fhining fquare and tranfparent tables,
which are occafionally fo thick as to be al-
moft cubes ; thefe cryflals are lamellated in the .
fraQure, and feel {oft to the touch: they are
often found in fpots, fcattered over the furs .
face of micaceous fhift, granite, or a mixture
of quartz apd black uranite ore, Both the
ochre and fpar diffolve entirely in nitric acid.
The mineralized, or wuranite ore, called in
German uragit-erz, pech-blende, or pech-erz,
js of a dark black brown colour: it is tole-
sably ‘hard, has a greafy luftre, breaks com-
padt, and is black where fcratched: itis very
. . heavy,
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heavy, the {pecific gravity being 7.500: it
does not melt in the fire by itfelf, but is re-
duced under the blow-pipe with the addition
.of phofphoric acid, to a green vitreous glo-
bule: it diffolves imperfely in the acids, '
but beft in the nitrous, the diffolution being
of a pale white-wine colour.

« Uranium, the metal procured from thefe
mineral fubftances, is even more difficultly
fufed than manganefe: its fpecific gravity is
6.440: it is of a dark grey colour, becoming
brown when f{cratched: its brilliancy is flight ;
and it is rather foft, being eafily cut with a
knife or file. It diffolves very imperfectly in
~the fulphuric and - muriatic acids, but very
- readily, and with confiderable evolution of
heat, in nitric and nitro-muriatic acids: From
this diffolution its oxyd is precipitated of a
_yellow colour by the pure alkalies, and the
precipitates are re-diffolved by an excefs of
alkali: with the alkaline carbonats the pre«
cipitates are whitifh, and reddifi brown when
the prufliats are employed: Thefe oxyds do
not melt under the blow-pipe, without addi.
tion, but with foda and borax they melt inta
a brown button, and with phefphoric acid the
button is of a green colour.”

« In* a grayifh-black metallic fand, found in
the vale of Menachan in Cornwall, Mr Mac.
’ gregoy

# The remainder of this fe&tion is added by the Tranf-
lator to the prefent c.:dit';on.—T..
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gregor has lately deteéted a peculiar metallic
oxyd, mixed with filex and the oxyds of iron
and manganefe, to which he gives the name:
of Menachanite. Klaproth has fince difcover-
ed the fame in the red fchorl of the Hunga-
rian mines, and in a mineral named Sidero-
titanium, from which he calls the new metal
Titanium. The oxyd is red ; but when par-
tially reduced, by heating with inflammable
fubftances, it becomes yellow or blue. It is
very hard and infufible. By means of heat,
it is diffolved in dilute fulphuric, nitric, and
muriatic acids, affuming a gelatinous confift-
ence. From this folution cryftals are obtained
by f{pontaneous evaporation ; but thefe falts
are decompofed by boiling. They are like-
wife decompofed by pruffiat of potafh and by
gallic acid ; the former giving a green preci-
pitate, and’ the latter a brownifh red. Vau-
quelin has been able to deoxydate this metal,
though extremely refratory, and apparently
volatile. It is brittle, of a cryftalline ftructure,
and reddifh-yellow in its colour ; and will not
unite with any of the metals except ivon.”

“ From an ore of gold called aurum proble-
maticum, and feveral other ores of that metal,
Muller and Klaproth have extralted a new
metal, to which has been given the name of
Te!lurium. It is white or greyifh, with confi-
+derable luftre ;" brittle, lamellated, and its fur-

face
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face heecomes cryftalline on cooling: It is very
fufible, and extremely volatile, burning with
a blue flame when much heated. The oxyd is.
" white, becoming yellow when heated ; is eafily
volatilized, and very readily reducible. Tellu-
rium diffolves in nitric and nitro-muriatic acids,
from the latter of which its exyd is precipitated.
by water. With fulphuric acid it forms a fine.
red folution; the colour of which: difappears.
by heat, or by dilution with water. From all
thefe folutions the oxyd is precipitated by all
the alkalies, but is rediffolved by excefs of al--
Jkali. Iron, zinc, tin, and antimony, precipie.
tate it from thefe folutions in a metallic ftate..
It amalgamates with mercury, and alloys with:
feveral of the metals. Its fpecific gravity iss

6.115.” ~
¢ From the red lead ore of Siberia, Vauque--
lin has lately extra@ed a metallic ' fubftance,.
to which he gives the name of Chrome, or
Ghromum, from its property of giving brillianmt:
calours to moft of. its combinations. In the:
Siberian red lead ore, this metal exifts in the:
fiate of an acid; and it has likewife been
found fimilarly combined with iron. The
-fame chemift has afcertained that the emerald-
owes its colour to the oxyd of this metal, and
fufpe@s it to ferve the fame purpofe in other
gems. The acid of chromum, or the chro-
mic acid, is of a fine ruby. colour,.and forms-
pri{matic.
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prifmatic cryftals, which are foluble in water,
thaving a fharp metallic tafte. Chromic acid
combines’ with the alkalies, forming golden-
yellow cryftallizable falts. It combines with
all the metals, forming compounds of fplendid
colours, With phofphoric “acid, or borat of
foda, it fufes into vitreous globules of a fine
emerald green colour. When heated with
muriatic acid, it lofes part of its oxygen ; oxy-
genated muriatic acid is formed, and the oxyd
of chromum 1is diffolved, giving a rich -deep
green colour to the folution. The red chro-
mic acid may likewife be reducéd to a green
oxyd, by heating it with the blow-pipe in
conta® with charcoal. Chromic acid is re-
duced to the metallic ftate, by expofure to
violent heat, completely bedded in powdered
charcoal. The metal is greyifh, brittle, bril-
liant, difficultly fufed, and difpofed to cryftal-
lize, in cooling. When heated in conta&
with air, its furface changes to a green oxyd.
It may be oxygenated, but with great difR-
culty, by diftilling from it to drynefs, twenty
times its weight of concentrated nitric acid, fe-
veral times fucceffively.”’
. ¢Although chemical analyfis is now reduced
to great accuracy, it is not impoffible that
fome. of thefe new metallic fubftances may
gurn out only very refraGtory combinations

- VOL. IQY S ) Of
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of already known metals, The fiderite of
Scheele and Bergman, ought to make chemifts
. extremely cautions of propouncing Gefinitive-
ly. on {uch difcoveries. This remark may
jikewife be applied 'to the newly-difcovered
garths,”

CHAP
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CHAP. XVIL

Continuation of the Obfervations upon Salifiable
Bafes, and the Formation of Neutral Salts.

IT is neceffary to remark, that earths and al-
kalies unite with acids to form neutral
falts without the intervention of any medium,
whereas metallic fubftances are incapable of
forming this combination, without being pre-
vioufly lefs or more oxygenated ; ftrictly fpeak-
ing, therefore, metals are not foluble in acids,,
but only metallic’ oxyds. Hence, when a me-
talis put into an acid for folution, it is neceffary,
in the firft place, that it ‘become oxygenated,
either by attracting oxygen from the acid, or
from the water with which the acid is diluted ;
or, in other words, that a metal cannot be dif-
folved in an acid, unlefs the oxygen either of
the acid, or of the water mixed with it, has a
fironger affinity to the metal than to the hydro-
gen or the acidifiable bafe ; or what amounts to
the fame thing, that no metallic diffolution can
vake place, without a previous decompofition of
the water, or of the acid in which it is made. The
explanation of the principal phenomena of me-

" Sa2 -~ tallic
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]
tallic diffolution depends entirely on this fimple
obfervation, which was overlooked even by the
illuftrious Bergman. . .
The firft and moft firiking of thefe phenome-
na is the effervefcence, or, to fpeak lefs equivo-
cally, the difengagement of gas, which takes
. place during the folution ; in the folutions made
in mitric acid, this effervefcence is produced. by’
the difengagement of nitrous gas; in folutions
with fulphuric acid it is either -{ulphurous acid
gas or hydrogen gas, according as the oxydation
of the metal happens to be made at the ex-
pence of the fulphurnc acid or of the water,
As both nitric acid and water are compofed of
- elements which, when feparate, can only exift
in the gafeous form, at leaft in the common
temperature of the atmofphere, it is evident
that, whenever either of thefe is deprived of its
. oxygen, the remaining element muft mﬁantly
expand and aflume the ftate of gas; the effer-
vefcence is occaﬁoned by this fudden convery
fion h'om the hquxd to the gafeous ftate. The
{fame decompoﬁtnon, and confequent formation
of gas, takes place when folutions of metals arg
made in fulphuric acid: In general eipecially
by the huwmid way, metals do not attra&t all the
oxygen it contains ; they therefore reduce 1t, not -
" into fulphur, but into fulphurous acid, and asg
thls acnd can ouly e.xxﬁ as gas in the ufual tem-
Jperature,
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: v _
perature, it is difengaged, and occafions effer-
vefcence. :

The fecond obfervable phenomenon is, thaty
when the metals have been previoufly oxydated,
they all diffolve in acids without effervefcence :
This is eafily explained ; becaufe, not having now
any occafion for combining with oxygen, they -
neither decompofe the acid nor the water, by

“which decompofition, in the former cafe, the
effervefcence is occafioned.- k

A third phenomenon; which requires parti-
cular confideration, is, that none of the metals
produce- effervelcence by folution in oxygena-
ted muriatic acid:, During this procefs the me-
tal, in the firft place; carries off the ‘excefs of
oxygen from the oxygemated muriatic acid, by

. which it becomes oxydated, and reduces the
acid to the ftate of ordinary muriatic acid. In

this cafe there is no production of gas; not that

the muriatic acid doés not tend to exift in the
galeous ftate in the common temperature, which
it does equally with the acids formerly mention-
ed, but becaufe this acid; which otherwife would
expand into gas, finds more water combined with
the oxygenated muriatic acid than is neceflary
to retain it in the liquid form ; hence it does not
difengage like the fulphurous acid; but remains,
and quietly diffolves and combines with the me-
tallic oxyd previouBly formed from its fuperabun-
‘dant oxygen.
‘ S3 . - The




248 ELEMENTS

- The fourth phenomenon worthy of notice is;
that metals are abfelutely infoluble in fuch acids
as have their bafes joined to oxygen by a firong-
er affinity than thefe metals 4re capable of ex-
erting upon that acidifying principle. Hence
filver, mercury, and lead, in their metallic ftates,
are infoluble in muriatic acid, but, when pre-
vioufly oxydated, they become readlly foluble
without effervefcence.

From thefe phenomena it appears that oxy-
gen is the bond of union between metals and
acids ; and from this we are led to fuppofe that
oxygen is contained in all fubdtances which have
a {trong affinity with acids: Hence it is very pro-
bable that the four eminently falifiable earths
_ eontaimoxygen, and that their capability of u-
niting with acids is produced by the intermedia~
tion of that element. “What 1. have formerly
noticed relative to .thefe earths, viz. that they
" may very poffibly be metallic oxyds, with which
"oxygen has 2 ftronger affinity than with carbon,

and confequently: are not reducible by any known.

means, is confiderably firengthened: by the. above
confiderations.

All the acids hitherto known are enumerated:
in the following table; the firfk column contains.
the names of the acids, according to the new
nomenclature, in Latin ; in the fecond column, |

the Englifh names, accordmg to the fame no-

' menclatutc, )
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menclature, are placed ; the third contains tliq

bafcs or radicals of thefe acids.

. Table of all the known Acidr.

- Latin Names. Englifb Names,
1. Acidum fulphurofum Sulphmons acid
3, —— fulphuricum Sulphuric

3. —— phofphorofum  Phofphorous
4. —— phofphoricum  Phofphoric
muriaticum Muriatic

5.
6. oxygenatam * Oxygenated muriatic
9. = nitrofum itrous
8. —— nitricum Nitric
9, ——— oxygenatum ¥ Oxygedated nitric
10, = carbonicam Carbonic
11, —— acetofum Acctous
12, —— aceticum Acetic
13. —— oxalicum Ozxalic -
14..——-2 tartarofum Tartarous
1§5. —— pyro-tartarofum Pyro.tartarous
16.'—— ¢éitricum Catric
17, —— malicum Malic

18, —— pyro-lignofum Pyro-lignous
39. —— pyro-mucofum Pyro-mucous

S4

Unknown +

Azot

v

Carbon

See Obf 1ft,

20. Acidum

# This term mtgh( be changed for Acidom: marioxi.

cum, Murioxic acid.—T.

+ Ina former note Hydrogen is mentioned as, the fup-

pofed bafe of: this acid.—T.

¥ This might more conveniently be gamed Audm ,

. nitroxzicum, or Nitroxic acid —T.
\ .

$
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, Latin Names.~  Enghfb Names. Bafes.
d0. Acidum gallicum = Gallic 3
21. — pruflicum Pruflic I
22. —— benzoicum Benzoic .
23. — fuccinicum Succinic > (S'J;m(gglén;i&'
24. — camphoricum  Camphoric I
2§. —— la&icum . La&ic
26. —— faccho la&ticum Saccho la&ic J
29. —~—— bombicum .  Bombic
2% —— formicum. Formic , Compouad,
: See Obt. 3d
29, ~—— gebaclcum %ebacgc
. oracicum - oracic
'gt = fluoricum Fluoric } Unknown
32. antimontcum  Antimonic Antimony
33. —— argenticum Argentic Silver
34. — arfeniacum - Arfeniac * Arfenic
35. — bifmuthicum  Bifmuthic Bifmuth
36. cobalticum Cobaltic Cobalt -
3%. — cupricum Cupric Copper
38. {tannicum + Stannic Tin
39. — ferricum Ferric : Iron
40. manganicam  Manganic . Manganefe
4t. —— mercuricum + Mercuric Mercary
42. — molybdicum  Molybdic Molybdena
. 43. = nickolicumx Nickolic Nickel
44. — auricum - Auric Gold

45. Acidum

» This term differs a little from the general rule, in

making the name texminate in-acinftead of zc. The bafe

and acid are diftinguithed in French by Arfenic and Ar-

fenigue ; but, as’ the fyllable ic was thought moft conve-

nient for the Englith tranflation of the French igue, it
became neceffary to ufe this fmall deviation.—T.

+ Mr Lavoifier has Hydrargirigue ; but Mercurium
bein; ufed for the metal or bafe, the name of this acid, as

above, is atleaft equally regular, and lefs harth.~T.
s .
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* Ldtin Names. - Englifb Names.  Bafes.

45. Acidum platinicum Platinic Platinz

46. —— plumbicum ' Plumbic Lead
47. — tungfticum Tungftic Tungftein
48. zincicum Zincic Zinc
49. = chromicum Chromic Chromum
50. zoonicum Zoonic Compound
St fubericum Suberic Compound *

Obfervations on the foregoing Table.

18, The ‘bafes or radicals of the acids from
N°® 11. to N° 19. inclufive, feem to be formed
by a combination of carbon and hydrogen ; and
the only difference appears to proceed from the
diffimilar proportions in which thefe elements
combine to form the bafes-of thele acids, toge-
ther with the different quantities of oxygen in
their acidification. A conneéted feries of accu-
rate experiments is ftilt wanted to illuftrate this
fubje in a fatisfalory manner.

2d, The bafes or radicals of the acids from
N* 20. to 26. inclufive, are hitherto very imper-
feétly known ; we only know that hydrogen and
carbon are their principal elements, and that the
pruffic acid contains likewife {fome azot.

-3d, The bafes of the acids 27, 28, 29, and all
others obtained from animal fubftances, are ftill
very imperfe@ly known, and require farther.in-
veftigation ; for they feem to confift of carbon,
hydrogen, phofphorus, and azot, united toge-
ther, but the particular proportions of thefe ele-

- . ments

® Thefe three laft are newly-dilcovered acids.—T-
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ments in each, and the degrees of oxydation, arg
unafcertained.

In this lift, which contains 48 acids*, I havc
enumerated 17 metallic acids hitherto very im.
perfecly known ¢, but upon whith Mr Berthol-

_let is about to publifh a very important work.
It cannot be pretended that all the acids which
exift in nature, or rather all the acidifiable ba-
fes, are yet difcovered ; but, on the other hand,
there aré confiderable grounds for fuppofing
that 2 more accurate inveftigation than has hi-
therto been attempted, will diminith the mum-
ber of the vegetable acids, by fhewing that fe-

- veral of thefe, at prefent confidered as diftin&®
acids, are only modifications of others. All that
can be dome in the prefent flate of our know-
ledge is, to give a view of chemiftry as it really
is, and to eftablith fundamental principles, by
which fuch bodies as  may be difcovered in future
may receive names, in conformity with one uni-
form fyftem.

’ ~ The

* Together with three added in this edition.—T:

+ The Jift might have been augmented by the probable
acids from the newly-difcovered metals, mentioned in the
additional fe&ion of the former chapter : It is not impol-
fible that the bafes of the Boracic and Fluoric acids may

-heteafter be difcovered among new metals.
I bave left the original numbers of the Awuthor, though

many additions fiave been fince made, for which fee next
note.—T.
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The known falifiable bafes, or fubftances ca-
pable of being converted into neutral falts by
union with acids, amount to 24 ; viz. 3 alkalies]
4 earths, and 17 metallic fubftances; fo that;
in the prefent ftate of chemical Knowledge, the
whole poffible number of neutral falts amounts
to 1152 *. This number is upon the fuppofi-
tion that the metallic acids are capable of dif~
{elving other metals, which is a new branch of
chemiftry, not hitherto inveftigated, upon which
depends all the metallic combinations named
vitreous. 'There is reafon to believe that many
of thefe fuppofable faline combinations are not
capable of being formed, which muft greatly
reduce the real number of neutral falts produ-
cible by nature and art. Even if we fuppofe
the real number to amount only to five or fix
hundred fpecies of poffible neutral falts, it is
evident, that, were we to diftinguifh them, after
the manner of the older chemifts, either by tile .
rames of their firft difcoverers, or by terms de-
rived from the fubftances from which they are
procured, we fhould at laft have fuch a confu-
fion of arbitrary defignations, as no memory

could

*# This number excludes all tfiple falts, or fuch as con-

tain meore than one falifiable bafe, all. the falts whofe bafes

are over or under faturated with acid, and thole formed,
by the nitro-muriatic acid. : .

To thefe muft now be added four new earths, feven
new metals, and three new acids, which will very largely
increafe the poffible number of neutral fales.—T.
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could poffibly retain. This method might be to:
Jerable in the early ages of chemiftry, or even
till within thefe twenty years, when only about
thirty fpecies of falts were known ; but in the
.prefent times, when the number is augmenting
daily, when every new’ acid gives us 24 or 48
new falts, according as it is capable of one or
two degrees of oxygenation, a new method is
certainly neceflary. The method here adopted;
drawn from the nomenclature of the acids, is
perfectly analogical, and, following Nature in
the fimplicity of her operations, gives a natural
and ¢afly norenclature, applicable to every pof—
-fible neutfal falt.

In giving names to the different acids, we
have exprefled the common property by the ge-
nerical term acid, and have diftinguithed each
fpecies by the name of. its peculiar acidifiable
bafe. Hence the acids formed by the oxygena-
tion -of fulphur, phofphorus, carbon, &c. are
called fulpburic acid, phofphoric acid, carbonic
acid, &c. 'We thought it proper likewife to
indicate the different degrees of faturation with
oxygen, by different terminations of the fame
fpecific names : Wherefore we _diftinguifh. be-
tween f{ulphurous and fulphuric, and between:
phofphorous and phofporic acids, &c. 4

By applying thefe principles to the nomen-
clature of neutral falts, we ufe a common term
for all the neutral falts arifing from the combi-
nations of one acid, and diftinguifh the fpecies

by
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by adding the name of the falifiable bafe. Thus,
all the neatral falts having fulphuric acid in their
compofition are named fulphats; thofe formed
by the phofphoric acid, pho/phats, &c. The
fpecies being diftinguifthed by the names of the
falifiable bafes gives us fulpbat of potash, fulphat of
Joda, fulpbat of ammoniac, fulphat of lime, fulphat
of iron, &c. As we are acquainted with 24 fali-
fiable bafes, alkaline, earthy, and metallic, we
have confequently 24 fulphats, as many phof-
phats, and fo on through all the acids.

Sulphur is, however, fufceptible of two de-
grees of oxygenation, the firft of which produ-
‘ces fulphurous, and the fecond, fulphuric acid;
and, as the neutral falts produced by thefe two
acids have different properties, and are in fa&'
different falts, it becomes neceffary to'diftin-
guith thofe by peculiar terminations; we have

 therefore diftinguifhed ‘the. neutral falts formed
by the acids in the firft or lefler degree of oxy-
genation, by changing the termination a¢ into
ite, as fulphbites, phofphites*, &c. Thus, oxy-
genated,

* As all the fpecific names of the acids in the new no-
menclature are adjeives, they would have applied feve-
rally to the various falifiable bafes, without the mvennon
of other terms, with perfe& diftin&nefs. Thus, j'ulplm.
rous potafb, and fulpburic pota/b, are equally diftinét, as
ﬁdpb:te of pota/b, and fulpbat of pota/b ; and have the ad-
yaatage of being more eafily retained 1n the memory, be

caufe
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geaated or acidified (ulphur, in its two dégrees
of axygenation, is capable of forming 48 neu-
tral falts, 24 of which are {ulphites, and as ma-
ny fulphats: This is likewife the cafe with all’
the. acids capable of two degrees of oxygena-
tion ¥, -

It were both tirefome and unneceflary to fol-
low thefe denominations through all the varie-

ties

. caufe more naturally arifing from the names of acids
themfclves, than the arbitrary terminations adopted by
Mr Lavoifier. "Thefe propofed terms are likewile very
readily and diftinly expreffible in Latin, thus, Potaffa,
or rather, as I have formerly obfetved, Lixa Sulpburefu
and Sulpbarica, and are equally diftin€tive with, and more
readily remembered than, the Latin terms of the new no-
menclature, Sujpbis and Salpbas ,Potqﬂk.—Tf .

* There is yet a third degree of oxygenation of feveral
acids, as the oxygenated muriatic and oxygenated nitric
acids. The terms applicable to the neutral falts refulting
from the union of thefe acids with falifiable bafes, is fup-
plied by the Author in the Second Part of this Work.
Thefe are formed by prefixing the word oxygenated to
" the name of the falt produced by the fecond degree of
oxygenation. Thus, oxygenated muriat of potalh, oxyge-
nated nitriat of foda, &c. Or if the change I have pro-
pofed in a former note on the nomenclature of thefe two
acids be adopted, we Yhall have murioxic and mitrexic pot-
ath or lixa, in Latin Lixa murioxica, Trona nitrouica, in-
ftead of the much longer, and not more diftin®ive expref-
fions, Murias potaffic oxygenata, Nitras fode oxygematac
T. '

.
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ties of their poffible applications ; it is enough
to have given the method of naming the various
{alts, which, when once well underftood, is ea-
fily applicable to every poffible combination.
The name of the combuftible and acidifiable
body being once known, the names of the acid
it is capable of forming, and of all the neu-
tral combinatiens the acid is fufceptible of en-
tering into, are moft readily remembered. Such
as require a more complete illuftration of the
methods in which the new nomenclature is ap-
plied, will, in the Second Part of this bodk, find
“Tables which contain a full enumeration of all
the neutral falts, and, in general, of all the pol-
fible chemical combinations, fo far as is con-
fiftent with the prefent ftate of our knowledge.
To thefe I fhall fubjoin fhort explanations, con-
teining the beft and moft fimple means of pro~
curing the different fpecies of acids, and fome
account of the general pr0p¢rues of the neutral
falts they produce. .
1 fhall not deny, that, to render this werk
more complete, it would have been néceflary to
add particular obfervations upon each fpecies of
falt ; its folubility in water and alcohal ; the
proportions of acid and of falifiable bafe in itg
compofition ; the quantity of its water of cryf’
tallization ; the different degrees of faturation
it is fufceptible of ; and’ finally, the degree of
force or affinity with which the acid adheres to
: -the
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the bafe. This immenfe work has been already
. begun by Mefl. Bergman, Morveau, Kirwan,
and other celebrated chemifts, but is -hitherto
only in a moderate ftate of advancement ; even
the principles upon which it is founded are not
perhaps fufficiently accurate.

Thefe numerous details would have fwelled
this elementary treatife to much too great a
“fize ; befides that, to have gathered the necef-
-fary materials, and to bave completed all the
feries of* experiments requifite, muft have re-
tarded the publication of this book for many
‘years. This is a vaft field for employing the
zeal and abilities of young chemifts, whom I
would advife to endeavour rather to do wel/
than to do much, and to afcertain, in the firfk
place, the compofition of the acids, before en-
tering upon that of the neutral falts. Every e-
difice which is intended to refift the ravages of
time fhould be built upon a fure foundation;
and, in the prefent ftate of chemiftry, to attempt
difcoveries by experiments, ‘either not perfe&ly
- exa&, or not fufficiently rigorous, will ferve
"only to interrupt its progrefs, inftead of contri-
.buting to its advancement.

'PART
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PART IL

1 L4

Of the Combination of* Acids with Sali-
fiable Bafes, and of the Formation of"
Neutral Salts, '

-" . .
INTROQDUGTIQN, . -

v

FF I had ftri¢tly followed the plan at firft

laid down for the condu@ of this work, I
would have confined myfelf, in- the Tables and

- accompanying obfervations which compofe this
Second Part, to fhort definitions of the feveral
known acids, and abridged accounts of the pro-
ceffes by which they are obtainable, with a mere
nomenclature or enumeration of the neutral
falts which refult from the combination of thefe
- acids with the various falifiable bafes. But I
afterwards found, that the addition of fimilar
Tables of all the fimple fubftances which enter
* Voru I. T into
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into the compofition ef the acids and oxyds, to.
gether with the various poffible combinations of’
thefe elements, would add greatly to the utility
of this work, without being any great increafe to
its fize. Thefe additions, which are all contain-
ed in the twelve firft feGions of this Part, and
the Tables annexed to thefe, form a kind of re-
capitulation of the - firft fifteen Chapters of the
Firft Part ; the reft of the Tables and Se&iens
contain all the faline combinations.

It muft be very apparent, that, in this Part of
the Work, I have borrowed largely from what
has been already publifhed by Mr de Morveay
in the Firft Volume of the Encyclopedie par ordre
des Matiéres. 1 could hardly have difcovered
a better fource of information, efpecially when
the difficulty of confulting books in foreign lan-
guages is confidered. 1. make this general ac-
knowledgment on purpofe to fave the trouble
of references to Mr de Morveau’s work, in the
courfe of the following part of mine.

"TaBLE
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. TABLE OF SIMPLE SUBSTANCES.
8imple fubflances belonging to all the kingdoms of ' Nature,

which may be confidered as

e chemical elements of bodies.

New Nares. Correfpondent 0ld Naines.:
Englifh. Latix. . :
Light Lanegal:t.
. . Principle or element of heat
Calorte Caloricum Fire, Igneous fluid, ’
Matter of fire and of heat.
Dephlogifticated air,
Oxygen Oxygenum 5:::57;;‘,]0:"’
Blz:.fe of vital afr.
Phlogifticated air os gas
Aot Azotum Mephitis, or its bafe, 8%
Inflammable air or gas, ot
Hydrogen Hydrogenum the bafe of inﬂammable’air.
Oxydable and Acidifiable fimple Subftances not Metallic.
New Names. Correfpondent old Names.
Lo P
Carbon . Carbooum ll:;:i]r.nple element of char.
Muriatic radical Murium
Flueric radical | Fluorum 2 Still unknown.
Boracic radical Boracum
Oxydable and Acidifiable fimple Metallic Bodies.
New Name;. Correfpondent old Names.
Antimony Antimopium 9 Antimony.
Atfenic Arfenicam Arfenic.
Bifmuth Bifmuthum l | Bifmuth.
Cobalt Cobaltum Cobalt. ,
Copper Cuprom ' Copper.
Gold s Aurum | Gold.
Iron Ferrum % | Iron,
Léad Pluniburn - ' w | Lead.
Manganefe ~ Manganum 35 { Manganefe,
Mercury Mercurium 8 | Mercary.
Molybdedd  Molybdenuin | & | Molybdena.
Nickel Nickolum l Nickel, .
Platina Platinum Platina,
Silver = ' Argentum. ' Silver.
Tin ) Stannum Tin.
Tongftein Tungfhenum J Tungfein:
Zinc Zincum Zinc, '
Ta Salifiabls
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Salifiable fimple Earthy Subftances.

" Neiv Names. Correfpondent old Names.

Enghifb. Latin.
Li Cal Chalk, calcareous earth, -

tme alca : Quckhme

Magnefia, bafe of Epfom falt,

Magnfﬁa Magnefia Cal%med or cauftic magnefia.
Barytes  Byryta Barytes, or heavy earth.
Argil - Argilla Clay, earth of alum.
Silex Silica - Siliceous or vitrifiable earth,

Strontites  Strontyta ~ Newly difcovered.

Seer. I. Obji'rvatmm upon the Table of Szmple
Subflances.

The principal obje® of chemical experiments
is to decompofe natural bodies, fo as feparately
to examine the different fubfances which enter
into their compafition. By confulting chemi-
. cal fyftems, it will be found that this fcience of

chemical analyfis has made rapid progrefs in

our own times. Formerly oil and falt were
confidered as elements of bodies, whereas later
obfervation and experiment have fhewn, that all
falts, inftead of being fimple,_are compofed of
an a¢id united to a bafe. The bounds of ana-
-lyfis have been greatly enlarged by medern dif-
coveries * ; the acids are fhewn to be compoled
~of oxygen, as an acidifying principle common

to all, united in each to a particular bafe. I

have proved, what Mr Haffeafratz had before

advaneed,

* See Memou's of the Academy for 1766 p. 691, 30d
for 1778, Pe §535==As :
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advanced, that thefe radicals of the acids are not
all imple elements, many of them being, like
the oily principle, compofed of hydrogen and
carbon. Even the bafes of neutral falts have
been proved by Mr Berthollet to be compounds,
as he has thewn that ammoniac is compofed of
azot and hydrogen.

Thus, as chemiftry advances towards perfec-
tion, by dividing and fubdividing, it is impof-
fible to fay where it is to end ; and thefe things
we at prefent fuppofe fimple may foon be found
quite otherwife. All we dare venture to affirm-
of any fubftance is, that it muft be confidered
as fimple in the prefent ftate of our knowledge,
and fo far as chemical analyfis has hitherto been
able to fhow. We may even prefume that the
earths muft {foon ceale to be confidered as fimple
bodies; they are the only bedies of the falifia»
ble clafs whiich -have no tendency .to unite with
oxygen; and ‘I am much inclined to believe
that this proceeds from their being already-fa-
turated with that element. If fo, they will fall
to be confidered as compounds confifting of fim- -
ple fubftances, perhaps metallic, oxydated to a
certain degree. - This is only hazarded as a pro-
bable conje@ure ; and I truft the reader will
take care not to confound what I have related as
truths, fixed on the firm bafis of obfervation
and experiment, with mere hypothetical fpecu-
lations.

T3 The
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The fixed alkalies, potath, and foda, aré o=
mitted in the foregoing Table, becaufe, they are
evidently compound fubftances ¥, though we are
ignorant as yet what are the elements they are
compofed of,

TAiLa

® For the fame reafon €alca, Magnefia, and ‘Baryta,
ought ro have been omitted. in this edition, as has been
explained in p. 262 ; but, though the tranflator has taken
the freedom to make feveral obfervations and fome addi-
tions, he has not ventared to make any alterations; the
latter is the exglufive province of the author.—T.



OF CHEMISTRY. 295

v

TaBLE of compound oxydable and acidifiable bafes.

Names ‘y'tbe Radicals.

Oxydable or acxd;ﬁable Nitro muriatic radical #, or
bafes, from the mine- bafe of the acid formerly
~ zal kingdom. called aqua regia.
{ Tartarous radical or bafe. .
Malic 7
Citric . i
Pyro-lignous i
Oxydable or acidifiable | Pyro-mucous '
bydro-carbonous or | Pyro-tartarous

carbono-hydrous radi-q Oxalic . - U N
cals, from the vege- Acetous : S
table kingdom. Succinic ' ' 3
-+ | Benzoic . . pa
Canipherio . - §‘
[ Gallic . .
QOxydable or acidifiable rg‘:f:;lc oladic " .
radicals from the ani- Formi
ormic

mal kingdom, which A e
moftly conm;x azot,( g:;'::: e
and frequently phof- Lithic

Phoms. . Lr;ruﬁip . . PN ] .

IR T Ty

T4 ch'r:
oy
Note~~The radicals ftom the veggtable kmgdom are
converted by a fir degree of oxygepation into vegetahle
oxyds fuch as fugar, ftarch, and gum or mucus : Thofg
of the animal kingdom, by the fame means, form anim
oxyds, aslymph &e. A ’

L]

* This, for the. prefent, may be ‘named Ar.o-murxg
until the radical of muriatic acid be difcovered ; or, at
leaft, till the difcovery of hydrogen bemg that radical be
ynqueflionably gfcertained.—T - . -
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Szcr II. —-Objervatzom upon the Table of Corm-
po'u)zd Radzcal.r

The older 'chemiits being unacquainted with
the compofition of acids, and not fufpe&ing them
tq be formed by a peculiar radical or bafe for
each, united to an #cidifying' prmcnple or element
cémmon to all, could not.eonfequently give any'
name to fubftances of which they had rot the
‘moft diftant idea. We had therefore to invent
a-new nomenclature for this fubjed, though we
" were at the fame tithe feafible that this nomen-
clature muft be fufceptible of great modification,
when the nature of the compound radigals thall
become better underftood *,
~ The compound oxydable and acidiftable ¥3-
djcals from the vegetable and animal kingdoms,
enumerated in the foregoing table, are not hi-
thertp reducible ta fyftematic nomenclature,.be-
caufe their exa&t analyfis is as yet unknown..
We obly know in general, by fomhe experiavents
of my ‘own, 4nd foine made by Mr Halfenfratz,
that -moft of the vegetable acids, fuch as the
tartarous, oxalic, citric, malic, acetous, pyro-
tartarous, and pyro-mucous, have radicals com-
pofed of hydwgen aud carhon, combinéd in

fucth'

¢ See Part I, Chap XL apdn,ﬁhu fque&.-—ﬁ.. .
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fuch a way as to-form fingle bafes, and that
thefe acids only differ from each other by the
proportions in which thefe two fubftance enter
into the compofition of their bafes, and by the
degrees of oxygenation which thefe bafes have
received. We know farther, chiefly from the
experiments of Mr Berthollet,. that the radicals -
from the animal kingdom, and even fome of
thofe from vegetables, are of a more compound
nature, and befides hydrogeh and carbon, that
they often contain azot, and fometimes phof-
pherus; but we are not hitherto poffeffed of
fuﬂiclently accurate expenments for calcu]atlng
the proportions of thefe feveral fubftances. We
are therefore forced, in the manner of the older
chemifts, ftill to name thefe acids after the {ub-
ﬁances' from which they are procured. There
can be little douby, that thefe names will be laid
afide when our knowledge of thefe fubftances
becomes more accurate and extenfive; the
terms, bydro-carbonous, bydro-carbonic, carbono- .
bydrous, and carbono-bydric-%, will then become
. fubftituted for thofe we now employ, which will
then only remain as teftimonies of the imperfect
ftate in which this part of chemiftry was tranf- .
mitted to us by our predeceffors,
It

* See Partl. >Chaé XI. 'npon‘the application of thefe
names accarding to the pmpomons of the two ipgredi-

entsend,
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It is evident," that the oils, being compofed of
hydrogen and carbon combined, are true car-
bono-hydrous or hydro-carbonous radicals ; and,
indeed, by adding oxygen, they are convertible
into vegetable acids and oxyds, according to
their degrees of oxygenation. We cannot, how-
ever, affirm, that oils enter in their entire ftate
into the compofition of vegetable oxyds, and a-
cids ; it is poffible, that they previoufly lofe a
part either of their hydrogen and carbon, and
that the remaining ingredients no longer exift in
the proportions neceffary to conftitute oils. ‘We
ftill require farther experiments to elucxdate
thefe points.

Properly fpeaking, we are only acquainted
with one compound radical from'the mineral
kingdom, the nitro-muriatic, which is formed
by the combination of azot with the muriatic
radical. The other compound mineral acidg
have been much lefs attended to, from their pro.
ducmg lefs ftriking phenOmena '

SecT. 11.—~0bfervations upon the Combination of
Light and Caloric with different Subflances.

* I have not conftruéed any table of the com-
bindtions of :ight and caloric’ with the various
fimple and compound fubftances, becaufe our
: conceptionsg
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conceptiens of the nature of thefe combinations
are not hitherto ~fufficiently accurate. We
kndw in general, that all bodies in nature are
imbued, furrounded, and penetrated in every
way with caloric, which fills up every interval
left between their particles; that, in certain
cafes, caloric becomes fixed in bodies, fo as to
conftitute a part even of their folid fubftance,
though it more frequently ats upon them with
a repulfive force, from which, or from its ac-
cumulation in bodies to a greater or leffer de-
gree, the transformation of folids into fluids,
and of fluids to aériform elatticity, is entirely’
owing. We have employed the generic name
gas to indicate this aériform ftate of bodies pro-
duced by a fufficient accumulation of caloric;
fo that when we wifh to exprefs the aériform
ftate of muriatic acid, carbonic acid, hydrogen,
water, alcohol, &c. we do it by adding the word
Zas to their names ; thus muriatic acid gas, car-
bonic acid gas, hydrogen gas, aqueous gas, alco-

holic gas, &ec. ' ’
The combinations of light, and its mode of
a&ing upon different bodies, are ftill lefs known
than thofe of caloric. By the experiments of
Mr Berthollet, it appears to have great affinity.
with oxygen, is fufceptible of combining with it,
and conributes along with caloric to change
it inta the ftate of gas. Experiments upon ve-’
getation give reafon to believe that light com-
bines
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bines with certain parts of vegetables, and that
the green of their leaves, and the various co-
lours of their flowers, are chiefly owing to this
combination. This much is certain, that plants
which grow in darknefs are perfe@ly white,
languid and unhealthy, and that to make them
recover vigour, and to acquire their natural co-
lours, the dire& influence of light is abfolutely
neceflary. Somewhat fimilar takes place even
upon animals! Mankind degenerate to a cer-
tain degree when employed in fedentary ma.
nufatures, or from living in crowded houfes, or
in the narrow lanes of large cities; whereas
they improve in their nature and conftitution'in
moft of the country labours which are carried
on in the open air.

Orga.mzatxon, fenfation, fpontaneous monon,
and all the operations of life, only exift at thg
furface of the earth, and in places expofed to the
influence of light. Without it nature itfelf would
be lifelefs and inanimpate! By means af light,
the benevolence of the Deity hath filled the
furface of the earth with organization, {fenfation,
-and intelligence. The fable of Promotheus
might perhaps be confidered as giving a hint of
this philofophical truth, which had even pre-
fented itfelf to the knowledge of the ancients.

I have intentionally avoided any difquifitions
relatlve to organized bodies in this work, for

which
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‘I_::nation. I ~ Fourth degree of oxygenation.
d Names. . | New Names. Old Names.
:i t:g::':gzk' ! Oxygenated nitrid acid Unknown
ur - Oxygenated carbonic acid | Unknown
ic acid - Oxygen;ted fulphuric acid | Unknown
.oric acid Oxygenated phofporic acid | Unknown
tacid - Oxygenated muriatic acid i Depblggi&ic%ted

_ marine aci

wn till lately .
grg’s fedative
£ arfenic  Oxygenated arfeniac acid | Unknown

molybdena | Oxygenated molybdic acid | Unknown

- f tunglein | Oxygenated tungltic acid | Unknown

ompounds, are, in “he new nomenclature, denominated by fe-
s Antimonium is the fimple or reguline ftate, and Aatimonia
the principles of the new nomenclature, and would fhorten lan-
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which reafon the phenomena of refpiration, fan-
© guification, and animal heat, are not confidered ;
but I hope, at fome future time, to be able to
elucidate thefe curious fubjes.

Sect. IV.—Obfervations upon the Combinations
of Oxygen with the fimple Subflances.

Oxygen forms almoft a third part of the mafs
of our atmofphere, and is confequently one of -
the moft plentiful fubftances in nature. All
animals and vegetables live and grow in this
immenfe magazine of oxygen gas, and from it
we procure the greateft part of what we employ
in experiments. So great is the reciprocal af-
finity between this element and other fubftances,
that we cannot procure it entirely difengaged
from combination. In the atmofphere it is uni-
ted with caloric, in the ftate of oxygen gas, and
this again is mized with about twice its weight
of azotic gas. . ,

Several conditions are requifite to enable a
‘body to become oxygenated, or to permit oxys
gen to enter-into combination with it. In the
firft place, it is neceflary that the particles of
the body to be oxgenated fhall have lefs reci:
procal attraltion with each other than they

- have for the oxygen, which otherwife cannot
poffibly combine with- them. Nature, in this
¢afe, may be aflifted by art, as we have it in cur

' R power,
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power to diminifh the attraction of the parti
cles of bodies, almoft at will, by heating them,
‘or, in other words, by introducing caloric into .
the interftices between their particles ; and, as
the attraction of thefe particles for each other
is diminifhed in the inverfe ratio of their dif-
tance, it is evident that there muft be a certain
- point of diftance of particles when the affinity
they poflefs with each other becomes lefs than
that they have for oxygen, and at which oxy-
genation muft neceflarily take place if oxygen
-be prefent.

We can readily conceive, that the degree of
heat at which this phenomenon begins muft be
different in different bodies. Hence, on pur-
pofe to oxygenate moft bodies, efpecially. the
greater part of the fimple fubftances, it is only
neceffary to expofe them to the influence of the
air of the atmofphere, in a convenient degree of
temperature. With refpeé to lead, mercury;
and tin, this requires to be but a little higher
than the medium temperature of the earth;
but it requires a more confiderable degree of
heat to oxygenate iron, copper, &c. by the dry
way, or when this operation is not affifted by
moifture. Sometimes oxygenation takes place
with great rapidity, and is accompanied by great
fenfible heat, light and flame ; fuch is the com-
buftion of phoiphorus in atmofpheric air, and

of iron in oxygen gas. That of fulphur is lefs
‘ ‘ rapid ;
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rapid ; and the oxygenation of lead, tin, and moft
of ‘the metals, takes place vaftly flower, and con-
fequently the difengagement of caloric, and more
efpecially of light, is hardly fenfible.

Some f{ubftances have fo ftrong an affinity for
oxygen, and combine with it in fuch low de-
grees of temperature, that we cannot procure
~ them in their unoxygenated ftate; fuch is the
muriatic acid, which has not hitherto been de-
compofed by art *, perhaps even not by nature,
and which confequently has only been found in
the ftate of acid. Itis probable that many other
fubftances of the mineral kingdom are necefla-
" rily oxygenated in the common temperature of
the atmofphere ; and that, being already fatura-
ted with oxygen, their farther action upon that
element is thereby prevented.

There are other means of oxygcnatmg ﬁmple
fubftances, befides expofure to air in a certain
degree of temperature ; fuch as by placing them
in conta¢t with metals combined with oxygen,
and which have little affinity with that element.
The red oxyd of mercury is one of the beft fub-
ftances for this purpofe, efpecially with bodies

which do not combine with that mgtal. In this

oxyd the oxygen is united with very little force

* The real or fuppofed difcovery of the bafe of this
acid has been mentioned in fome former notes.—T.

to.
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to the metal, and can be driven out by a degtee
of heat only fufficient to make glafs red hot;
wherefore, fuch bodies as are capable of uniting
with oxygen are readily oxygenated, by means
of being mixed with red oxyd of mercury, and
then moderately heated. The fame effet may
be, to a certain degree, produced by means of
the black oxyd of manganefe, the red oxyd of
lead, the oxyds of filver, and by moft of the me-
tallic oxyds, if we only take care to choofe fuch
as have lefs affinity with oxygen than the bodies
they are meant to oxygenate. All the metallic
reduions and revivifications belong to this clafs
of operations, being nothing more than oxyge-
nations of carbon, by means of the feveral me-
tallic oxyds. The carbon of the charcoal em-
ployed for this reduion, combines with the
oxygen and with caloric, and efcapes in form
of carbonic acid gas; while the metal remains
pure and revivified, or deprived of the oxygen,
which before combined with it'in the form of

oxyd. R
" All combutftible fubftances méy likewife be
oxygenated by means of ‘mixing them with ni-
- trat of potafth or of foda, or with oxygenated
muriat of potafh, and fubje&ing the mixture to
a certain degree of heat} the oxygen, in this
cale, quits the.nitrat or the muriat, and com-
bines with the combuftible body. This fpecies
of oxygenation requires to be performed with
_ extreme
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extreme caution, and only with very fmall quan-
tities; becaufe, ds the oxygen enters into the
compofition of nitrat:, and more efpecially of
oxygenated muriats, combined with almoft as -
much caloric as is neceffary for converting it
into oxygen gas, this immen(e quantity of calo-
ric becomes fuddenly free, the inftant of the com-
bination of the oxygen with the combuftible bo- -
dy, and produces fuch violent exploﬁons as are
perfedly irrefiftible.

By the humid way we can oxygenate moft
combuftible bodies, and convert moft of the .
oxyds of the three kingdoms of nature inte acids. ,
For this purpofe we chiefly employ the nitric
acid, which has a very flight hold of oxygen, and
quits it readily to a great number of bodies, by
the affiftance of a gentle heat. The oxygenated
muriatic acid may be ufed for feveral operations
of this kind, but not in thein all.

I give the name of dinary to the comhinations
of oxygen with the fimple fubftances, becaufe in
thefe only two elements are combined. When
three fubftances are united in one combination, I
call it ternary ; and quaternary when the combi-
nation confifts of four fubftances united.

Vor. L - U TABLﬁ
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TABLE of the Combinations of Oxygen, auith the

Names of the Ra-
dxfcah.
Nitro-mauriatic
fadical
»
Tartdric
Malic
Citric
Pyro-lignous
Pyro-mucous
Pyro-tartarous

Compound Radicals.

Names of the refulting Acids.
New Nomenclature. Old Nomenclature.

}N itro-muriatic acid  Aqua regia.

»

Tartarous acid Unkdown till Iately.

Malic acid Ditto. ‘

Citric acid Acid of lemons.
Empyreumatic dcid of

Pyro-lignous acid wood.

Pyro-mucous acid.  Empyf. acid of fugar.
Pyro-tartarousacid  Empyr. acid of tartar.

Qxaho Oxalic acid Acid of forrel
A . Vinegar, or acid of vi-
Acetic Acetous acid { negar’
Acetic acid Radical vinegar.
Succinic - Succinic a¢id Volatile falt of amber.
Benzoic - Benzoicacid Flowers of benzoin.
Camphoric Camphoric acid Unknown till ately.

. . The affringent princi-
_Gallx:' Gallic acid ple of vegetables.
Laltic La&ic acid - Acid of four whey.
Sac¢choladtic Saccholadic ac¢id Usknown till Iately.
Formic Formic acid Acid of ants. .
Bombic Bombic acid Unknown till lately
Sebaci¢ Sebacic acid "~ Ditto.’

~ Lithic Lithic acid Urinary calcutus.
: . . Colouring matter of
Pruffic meﬁc a?cnd { Pruffian blue.
- Secr.

* Thefe radicals by a firft degree of oxygenation form
veget*mc oxyds, as fugar, ftarch, mucus, &c.—A.

** Thefe radicals by a firft degree of oxygsnation form
;he animal oxyds, as' lymph, and part of the blood, an!-

’ mal fecretions,

&c —-A
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Sect. V. --Obfervatzon: upon the Combinations qf
Oxygen with the Compound Radzcal.r

I publifhed a new theory of the nature and
formation of acids in the Memoirs of the Aca-
demy for 1776, p. 671. and 1778, p-535. in
which I concluded, that the number of acids
muft be greatly larger than was till then fup-
poféd. Since that time; a new field of inquiry
has been opened to chemifts; and, inftead of
five or fix acids, which were then known, neac
thirty new acids have been difcovered, by which
means thé number of known neutral falts have
been increafed in the fame proportion. The
" nature of the acidifiable bafes, or radicals of the
acids, and the degrees of oxygenation they aie
fufceptible of, ftill remain to be inquired into.
¥ have already thown, that almoft all the oxy-
dable ‘and acidifiable radicals from the mineral
kingdom are fimple; and that; on the contrary,
there hardly exifts any radical in the vegetable,
and motre efpecially in the animal kingdom, but’
is compofed of at leaft two fubftances, hydro-
gen and carbon, and that azot and phofphor‘us
are frequently united to thefe, by which we have
compound radieals of two, threg, and four bafes
or ﬁmplc elements united. -t
U2 From
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From thefe obfervations, it appears, that the
vegetable and animal oxyds and acids may dif-
fer from each other in three feveral ways ; ac-
cording to the number of fimple acidifiable ele-
ments ‘of which their radicals are compofed;
according to the proportions in whith _thefe
are combined together ; and according to their
different degrees of oxygenation : Thefe circum-
ftances are more than fufficient to explain the
great variety which nature produces in thefe
fubftances. It is not at all {urprifing, after this,
that moft of the vegetable acids are convertible
into each other; nothing more being requifite
for this purpofe, than to change the propor--
tions of the hydrogen and carbon in their com-
pofition, and to oxygenate them in a greater or
lefler degree. . This has been done by Mr Crell
in fome very ingenipus experiments, which have
been verified and extended by Mr Haffenfratz.
From thefe it appears, that carbon and hydro-
gen, by a firt oxygenation, produce tartarous
acid, oxalic acid by a fecond degree,.and acetous
or acetic acid by athird, or higher oxygenation;
only, that carbon feems to exift in a rather fmall-
er proportion in the acetous and acetic acids.
The citric and malic aelds differ little from the
_ preceding acids.

Ought we then to conclude, that the oils are
the radicals of ‘the vegetable and animal acids?
I have already exprefled my doubts upon this

fubject :
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fubje@&: For, although the oils appear to be
formed of nothing but hydrogen and carbon, we
do'not know if thefe are in the precife proportion
neceflary for conftituting the radicals of the
acids ; and, fince oxygen eaters into the compo-
-fition of thefe acids equally with hydregen and
carbon, there is no more reafon for fuppofing
them to be compofed of éil rather than of water
or of carbonic acid. It is true that they contain
the materials neceffary for all thefe combinations,
‘but then thefe do not take place in the common
temperature of the atmofphere ; all the three
elements remain combined in a ftate of equili-
brium, which is readily deftroyed by a tempera-
ture only a little above that of boiling water *.

Uj © Tanie

# See Part I. Chap. XII. upon this fubje&.—A.
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TaABLE of the Binary Lombinations of Azot with

the Simple Subflances.
Simple Refults of the Combinations.
Subflances. New Nomenclature, 0ld Nomenclature.

. . Phlogifticated air, or
Caloric Azotic gas, or Azogas Mc;%iti:a é !
Hydrogen Ammoniac, Ammona  Volatile alkali.

( Nitrous oxyd - Bafe of nitrous gas.
Oxvgen Nitrous acid. Smoaking nitrous acid.
T8 Nitric acid - Pale nitrous acid.
| Oxygenated nitric acid. Unknown.

f This combination is hitherto uaknown : fhould it
ever be difcovered, it will be called, according -
Carbon to the principles of our nomenclature, Azuret
of Carbon. Carbon diffolves in azotic gas,and
forms carbonated azotic gas.

" Sulphur

Azot combines with carbon and hydrogen, and

Phofphorus  Azuret of phofphorus. Still unknown.
Aczuret of Sulphur. Still unknown. We know
that fulphur diffolves in azotic gas, forming
€ompounnd { fometimes with phofphorus, in the compound
radicals ¢ oxydable and acidifiable bafes, and is generally

L contained in the radicals of the animal acids.

Meta]iic fub. { Such combinations are hitherto unknown : if ever
J-

fulphurated azotic gas. .
difcovered, they will form metallic azurets, as

ftances azusets of gold, of filver, &c.
Lime -}
Magnefia .
Barytes Entirely unknown. If ever difcovered, they will
Argil ' form azuret of lime, azuret of magnefia, &c.
Potath

Soda
SecT.

Note.~The Latin term, in the new nomenclature, here tranf-
lated Azuret, is Azuretum, the French of Mr Lavoifier is Azure;
I preferred taking the Englifh from the Latin, becaufe it is thus

‘ more
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Sect. VI.—0bfervations upon the Combinations of
Azot with the Simple Subfiances.

Azot is one of the moft abundant elements:
combined with caloric it forms azotic gas, or
“mephitis, which compofes nearly two-thirds of
the atmofphere. This element is always in the
ftate of gas in the ordinary preflure and tempe-
rature, and no degree of compreflion or of cold
has been hitherto capable of reducing it either
to a folid or liquid form. This is likewile one
of the effential conftituent elements of animal
bodies in which it is combined wijth carbon and
hydrogen, and fometimes with phofphorus;
thefe are united together along with a certain
portion of oxygen, by which they are formed
into oxyds or acids, according to the degree of
oxygenation. Hence the animal fubftances may
be varied, in the fame way with vegetables, in
" three different manners ; according to. the
number wof' elements which enter into the com-

Uy pofition

more diftin& from other terms : the French terms Azure,
Sulphure, Phofphure, are not fufficiently diftinguifhable in
Eoglith, from Azure, a colour, Sulphur, and Phofphor,
which is fometimes ufed for Phofphorus; but Azuret,
Sulphuret, Carburet, and Phofphuret, which are tran{lated
from Agzuretum, Sulphuretum, Carburetum, and Phof-
phoretum, both anfwer the purpofe of the new nomencla-
ture completely, and run no hazard of occafioning any
miftake —T.



312 ELEMENTS. , .

pofition of the bafe or radical ; according to the
proportion of thefe elements ; and, according to
the degrees of oxygenation.

When combined with oxygen, azot forms the’

nitrous and nitric oxyds and acids ; when with
hydrogen, ammoniac is produced. Its com-
binations with the other fimple elements are ve-
ry little known ; to thefe we give the name of
Azurets, preferving the termination in wuret for

all*'unoxygenated compounds. It is extremely -
probable that all the alkaline fubftances may

hereafter be found to belong to this genus of a-
zurets,

The azotic gas may be procured from atmo-
fpheric air, by abforbing the pxy‘gen ‘gas which
is mixed with it by means of a folution of ful-
phuret of potafh, or fulphuret of lime. It re-
quires twelve or fifteen days to complete this
procefs, during which ‘time the furface in cons
tact muft be frequently renewed by agitation,
-and by breaking the pellicle which forms on the
top of the folution. It may likewife be procu-
red by diffolving animal fubftances in dilute ni-
tric acid very little heated. In this operation,
the azot is difengaged in form of gas, which
muft be received under bell-glaffes filled with
water, in the pneumato-chemical apparatus.
We may procure this gas, by deflagrating nitre
with charcoal, or any other combuftible fub-
ftance ; when with charcoal, the azotic gas is

mixed
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mixed with carbonic acid gas, which may be

abforbed by a folution of cauftic alkali, or by
lime-water, after which the azotic ‘gas remains

pure. We can procure it in a fourth manner

from combinations of ammoniac with metallic

oxyds, as pointed out by Mr de Fourcroy : The

hydrogen of the ammoniac combines with the

oxygen of the oxyd, and forms water, while the

azot being left free efcapes in form of gas.

The combinations of azot were but lately dif-
covered : Mr Cavendifh firft obferved it in ni-
trous gas and acid, and Mr Berthollet in ammo-
niac and the pruffic acid. Asno evidence of .
its decompofition has hitherto appeared, we are
fully entitled to confider azot as a fimple ele- "
mentary fubftance.

TaBLE
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TaBLE of the Binary Gombinations of Hydrogen with

Simple Subftances.
Simple Refulting Compounds.
Subflances. New Nomenclature. « 0ld Names.
Caloric Hydrogen gas . Inflammable air. |
"Azot Ammoniac Volatile alkali.
. Oxygen Water " Water.
Hydruret of fulphur, or !
Sulphur * :
d fulphur of hydrogen Hitherto unknown*.
Phofphorus Hydruret of pholphorus, or
P phofpuret of hydrogen
Hydro-carbonous, or car- :
Carbon bono-hydrous radic s + }Not known till lately.
Mettallic fub- .
ftances, as M;ta“;c_ hydrurets §, 25 { Hitrerto unksown.
. rydruaret of iron, &c.
irom, &c.

»

SkcT.

* Thefe combinations take place in the ftate of gas, and
form, refpe&ively, fulphurated and phofphorated hydrogea

‘gas.—A.

+ This combination of hydrogen with carbon includes the
fixed and volatile oils, and forms the radicals of a confider-
able part of the vegetable and animal oxyds and acids. When
it takes place in the ftate of gas, it forms carbonated hydro
gen gas.—A. .

t None of thefe combinations are known, and it is pro-
bable that they cannot exift, at lealt in the wufual (tempera-
ture of the atmofphere, owing to the great affinity of hydro-
gen for caloric.—A..
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Sect. VII.—Obfervations upon Hydrogen, and
its Combinations with Simple Subflances.

Hydrogen, as its name exprefles, is one of the
conftituent elements of water, of which it forms
fifteen hundredth parts by weight, combined
with eighty-five hundredth parts of oxygen.
This fubftance, the properties and even exiftence
of which was unknown till lately, is very plen-
tifully diftributed in nature, and a&s a very con-
fiderable part in the procefles of the animal and
vegetable kingdoms. As it poflefles {o great
affinity with caloric as only to exift in the ftate
of gas, it is confequently impofiible to procure
it in the concrete or liquid ftate, independent of
combinatien.

To procure hydrogen, or rather hydrogen
gas, we have only to fubject water, to the action
of a fubftance which with oxygen has a greater
affinity than it has to hydrogen : by this means
the bydrogen is fet free, and, by uniting with
caloric, afflumes the form of hydrogen gas. Red
hot iron is unfually employed for this purpofe :
The iron, during tbe procefs, becomes oxy-
- dated, and is changed into a fubftance refem- -
bling the iron ore from the ifland of Elba. In
this ftate of oxyd it is much. lefs attra@ible by -

: ~ the
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the magnet, and diffolves in acids without effet-
vefcence.

Charcoal, in a red heat, has the fame power
of decompofing water, by attralting the oxygen
from its combination with hydrogen. In this
procefs, carbonic acid gas is formed, and mixes
with the hydrogen gas, but is eafily feparated
by means of water or alkalies, which abforb the
carbonic acid, and leave the hydrogen gas pure.
We may likewife obtain hydrogen gas'by dif-
folving iron or zinc in dilute fulphuric acid.
The two metals: decompofe water very flowly,
and with great difficulty, when alone, but do it
with great eafe and rapidity when affifted by ful- .
phuric acid ; the hydrogen unites with caloric
during the procefs, and is difengaged in form
of hydrogen gas, while the oxygen of the water
unites with the metal in the form of oxyd, which
is immediately diffolved in the acxd formmg a
fulphat of iron or of zinc.

Some very diftinguifhed chemifts confider hy-
drogen as the pblogifton of Stahl; and as that
celebrated chemift admitted the exiftence of
phlogifton in fulphur, charcoal, metals, &c. they
are of courfe obliged to fuppofe that hydrogen
exifts in all thefe fubftances, though they can-
. not prove their fuppofition ; even if they could,
it would not avail much, fince this difengage-
ment of hydrogen is quite infufficient to explain

the phenomena of calcination and combuftion.
' We



OF CHEMISTRY, 81y

We muft always recur to the examination of this
queftion, * Are the heat and light, which are
difengaged during the different {pecies of com-
buftion, furnifhed by the burning body, or by
the oxygen which combines in all thefe opera-
tions?”” And certainly the fuppofition of hydro-
gen being difengaged, throws no light whatever
_upon this queftion. Befides, it belongs to thofe
who make fuppofitions to prove them ; and,
doubtlefs, a do&rine which without any fuppofi-
tion explains the phenomena as well, and as na-
turally, as theirs does by fuppofition, has at leaft
the advantage of greater fimplicity *.

TABLE'

1

# Thofe who wifh to fee what has been faid upon this
great chemical queftion by Mefl: de Morveau, Berthollet,
De Fourcroy, and myfelf, may confult our tranflation of
Mr Kirwan’s Effay on Phlogifton.—A..
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TABLE of the Binary Combinations of Sulpbur with Simple Subfiances,

Simple Refulting Compounds.
er. New Nomenclature. 0id Nomexclature.
Caloric - Sulphuric gas . )
{ Oxyd of fulphur Soft fulphur.
Oxygen Sulphurous acid Sulphureous acid.
Sulphuric acid Vitriolic acid.
Hydrogen  Sulphuret of hydrogen -
Azot azot Unknown Combi.
Phofphorus phofphorus }  nations.
Carbon carbon ,
Antimony antimony  Crude antimony.
Silver filver
Asfenic arfenic Orpiment, realgar.
Bifmuth bifmuth
Cobale cobalt
Copper copper Copper pyrites.
Tin tin
Iron - iron Iron pyrites.
Manganefe manganefe E al
thiops mine
Mercnry mercury { cinnabar.
Molybdena molybdena
Nickel nickel
Gold gold
Platina platina
Tungfieia tungiiein .
in¢ zinc Blende. .
' Alkaline liver of
Potath potath fulphur with fixed
vegetable alkali.
Alkaline liver of
Seda foda { fulphur with fixed
' mineral alkali.
Volatile liver of ful-
Ammoniac ammoniac phur, fmoaking
liquor of Boyle. .
. . Calcareous liver o
Lime . lime { fulphur. ¢
Magnefian liver o
Magaeﬁz' magnefia { fﬁln phur.
Barytes . barytes Barytic liv. of fulph.
Argil argil Yet unknown.

SECT,
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Sect. VIIL—Obfervations on Sulpbur and its
Combinations.

Sulphur is a combuftible fubftance, having a
very great tendency to combination ; it is na-
turally in a folid ftate in the ordimary tempera-
ture, and requites a heat fomewhat higher than
that of boiling water to make it liquefy. Sul-
phur is formed by nature in a confiderable de-
gree of purity.in the neighbourbood of volea-
noes ; we find it likewife, chiefly in the ftate of .
fulphuric acid, combined with argil inaluminous
fchiftus, with lime in gypfum, &c. From thefe
combinations it may be procured in the ftate of
fulphur, by carrying off its oxygen by means of
charcoal in a red heat ; carbonic acid is forin-
ed, and efcapes in the ftate of gas; the fulphur
remains combined with the clay, lime, &c. in
the ftate of fulphuret, which is decompofed by
acids ; the acid unites with the earth into a neu-
tral {alt, and the fulphur is precipitated. -

Tancz
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TABLE “of the Binary Combinations of Phofphorus
with the Szmple Subftances.

: .
Simple Ssbﬁa;m:. . Refulting Compotmd:,
Caloric - - _ - Phofphoric gas.

. Oxyd of phofphorus.
Oxygen - - : < Phofphorous acid.
S ‘ L Phofphoric acid.
Hydrogen - - . Phofphuret of hydrogen,

Azot - = - Phofphuret of azot.
. » Solphur < - Phoiphuret of {fulphur.
Carbon - - Phofphuret of carbon.

Metallic Subﬁances Phofphurets of metals #*
Potath - - -
Soda- - -

.Iljmnmmac\ T Phofphuret of Potafh,
~me: = =T ¢ Soda, &c. f.
Barytes . - - N

" Magnefia “- - ’
Argtl S

4

Skcr.

* Ofall thefe combinations of phofphurus with metals,
that with iron only is hitherto known, forming the fub-
ftance formerly called Siderite ; neither is it yet afcer-
tained wiether, in this combination, the phofphorus be
oxyggpatea or not.—A.,

+ Thefe combinations of phofphorus with the alkalies
and earths are not yet known ; and, from the experiments
of Mr Gengembre, they appear to be impoffible.—A.
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Sncr. IX,-—-Olgﬂ’rpatzom on Pho/pborus, and its
.. Cambmamn:

Phofphorus i a ﬁmple combuftible fubﬁance,
whrch was unknown to chemifts till 1667, when
it was difcovered by ‘Brandt, who kept the pro-
cefs fecret ;. foon after Kunkel found out Brandts
metb,od of ‘preparation, and made it public. It
“has been ever fince known by the name of Kun-
kels phofphorus. It was for a long time pro-
cured only from urine; and, though Homberg
"gave an account of the procefs in the Memoirs
of the Academy for 1692, all the phxlofophers
of Earope were fupplied with it from England.
Is was firft made in France in 1737, before a
'commxttee of the Academy at the Royal Garden.
At prefent )t is prooured in a more cammodious
,and more economical manner from ammal bones,
‘which are real calcareous phofphats, according
‘to the procefles of Meflrs Gahii; 'Schieele, Rou-
elle, &_c The. bones ‘of adult ammals, bemg
‘calcined to whitenefs, are pounded, and_paffed
‘through a fine ﬁlk fieve ; upon the fine Pawr
.der a’quantity of dilutg fulphuric acid is.pour:
ed, lefs than js fufficient for diffolving the whale.
This acid unites with the calcareous earth:of the
bones into a fulphat'of lime, and the phofphd:
Tic acid remains free in the liquor. ** The liquid
1s decantcd off, and the refiduum wthed with

© Vor' 1. . ‘X P ; . boxhng



s ELEMENTS

boiling water ; this water which has been ufed
to wafh out the adhering acid, is joined with
what was before decanted off, and the whole is
gradually evaporated ; the diffolved fulphat of
lime cryftallizes in form of filky threads, which
are removed ; and, by continuing the evapora-
-tion, we procure the phofphoric acid, under the
appearance of a white pellucid glafs. thn this
is powdered, and mixed with one-third its weight
“of charcoal, we procure very pure phofphorus,
by fublimation*. ‘The phofphoric acid, as pro-
“cured by the above procefs, is never fo pure as

that obtained by oxygenating pure phofphorus,

cither by combuftion er by means of nitric acid;
wherefore this latter fhould always be employ-
ed in experiments of refearch.

Phofphorus is found in almoft all animal fub-
ftances, and ‘in fome plants which give a kind
-of ammal anaPyﬁs. In all thefe it is ufually

‘ combmed

T A very cqnvement metbod of procurmg phofphorus
from prine has lately. been difcovered. The phofpheric
acid is precipitated by a folution of acetite of lead, by
means of a double decompoﬁnon ; the lead umtmg with
the ‘phofphoric acid into an infoluble falt which precipi-
tates, while the acetous acid unites with the alkahne fub-
ftasices of the urine and remains diffolved. - The phofphat
of lead is then repeatedly wafhed, and is decompofed by
means of muriatic acid ;. a muriat of lead is formed, which
i .i‘nfol’uble, and the phofporic acid is found in a liquid
flate : this is evaporated to dtyncfs, and, bemg difoxyge-
nated by charcoal, in the ufual manner, a very pure phol-
phorus fublimes.—T.,
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coinbined with carbon, hydrogen, and azot,
forming very compound radicals, which are, for
the moft part, in the ftate of oxyds, by a fitft
degree of union with oxygen. The difcovery
of Mr Haflenfratz, of phofphorus being contain-
ed in charcoal, gives reafon to fufpe& that it is
more common in the vegetable kingdom thdn
has been generally fuppofed : It is certain, that
by proper proceffes, it may be procured from
every individual of fome of the families of plants.
As no experiment has hitherto given reafon to
fufped, that phofphorus is a compound body; I
have arranged it with the fimple or elementary
fubftances. It takes fire at the temperature of
1c4° of the thermometer.

TaBLE of the Binary Combinations of Carbon.

Simple ‘ Refulting Compounds.
Subflances. New Nomenclature. 0ld Names.
Oxvuén Oxyd of carbon Unknown *.

4 Carbonic acid . Fixed air, chalky aeid,
Sulphur . Carburet of fulphur
Phofphorus  Carburet of pho(’phorus}Unknown.-
Azot Carburet of azot

Carbono-hydrous radicals
Hydrogen {Fixed and volatile oils
Of thefé only the car-
. . ‘ burets of iron and
Metallic Sub. ) Carburets of the fevetal zincare known, and -

flances metals were formerly callp
. ed Plambago.
A’:::?;: and } Carburet of potath; &, - Unknown,

* From late experiments, it appears that charcoal is
an pxyd of carbon.—T.
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Sect. X.—Obfervations upon Carbon, and its
Combinations with Simple Subftances.

As carbon has not been hitherto decompe-
fed, it muft, in the prefent ftate of our know-
ledge, be eonfidered as a fimple {fubftance. By
modern experiments, it appears to exift ready
formed in vegetables ; and I have already re-

, marked, that, in thefe, it is combined with hy-
drogen, fometimes with azot and phofpborus,
forming. compound - radicals, which may be
changed into oxyds or acids, according to their
degrees of oxygenation.

To obtain the carbon * contained in vegeta-
ble or animal fubftances, we fubje¢t them to the
adion of fire, at firt moderate, and afterwards
very ftrong, on purpofe to drive off the laft por-

- tions of water, which adhere very obftinately.

For chemical purpofes, this is ufually done in
retorts of ftone-ware or porcelain, into which the
wood, or other matter, is introduced, and then
placed in a reverberatory furnace, raifed gra-
dually to its greateft heat : The heat volatizes,.
: or

* It is neceffary to repeat, that carbon is ufed to denote
the pure fimple elementary fubftance, while charcoal fig-
nifies that fubftance, united with fome fmall portions of
earth and falts, as procured from vegetable- and animal
bedies by burning, or by diftillaticn in a red heat.—T.
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.or changes into gas, all the parts of the body
fufceptible of combining with calor;c into that
form ; and the carbon, being more fixed in its
nature, remains in the retort, combined with a
little earth and fome fixed falts, in the form ge-
nerally known by the name of charcoal.

In the bufinefs of charring wood, this is done
by a lefs expenfive procefs. The wood is dif-
pofed in heaps regularly arranged, and covered
with earth, fo as to prevent the accefs of any
mwore air than is abfolutely neceffary for fupport-
ing the fire, which is kept up till all the water
and oil is driven off, after which the fire is ex-
tinguifhed by fhutting up all the air-holes.

We may analyze charcoal either by combuftion
in air, or rather in oxygen gas, or by means of
nitric acid: In either cafe we convert its pure
carbon into carbonic acid ; and fometimes 2
little potath and fgme neutral falts remain. This
analyfis has been hitherto but little attended to
by chemifts ; and we are not even certain if pot-
afh exiftsin charcoal before combuftion, or whe-
ther it be formed by means of fome unknown
combination during that procefs.

« Charcoal *, purified as above dire&ted, was
fuppofed to confift almoft entirely of carbon, in
a perfe@ly pure and uncombined ftate, 28 parts

X3 of

* Thefe obfervations on charcoal, diamond, &c. sfe

added in this edition by the Tranflator.—T.
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“of which, combined with 42 parts of oxygem
-formed ‘100 parts of carbonic acid. Later ex-
periments, hpwever, have fhewn, that the pureft
-charcoal confifts of carbon in a ftate of oxyda-
tion, ‘and that diamond is carbon in a perfe&
ftate of purity. By thefe experiments, it ap-
‘pears that 17.8 parts of diamond and 82.1 of
oxygen form 100 parts of carbonic acid. Hence
the 28 parts of carbon, formerly fuppofed to con.
ftitute the balfis of carbonic acid, contain only
.17.9 parts of pure carbon, and 10.1 of oxygen,
in 28 parts: or 100 parts of the moft perfe@ly
* purified charcoal confift of 64.3 of carbon, uni-
ted or oxydated by 35.7 parts of oxygen.

* Plumbago or graphite, ufually called black
lead, is' carbon lefs oxydated than in the ftate
of charcoal, gnd containing a fmall portion of
oxyd of iron. What is called incombuftible
coal, the charry refiduum from animal fubftan-
ces, and the coak or charcoal produced from
mineral coal, are likewife compofed of carbon
lefs oxydated than the charcoal of wood.”

Secr. X1.—O0bfervations upon the Muriatic, Flu-
* oric, and Boracic Radicals, and their Combina-
tions.

As the combinations of thefe fubftances, ei-
~ ther with each other, or with the other combuf-
tiblg
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tible bodtes, are hitherto entirely unknown, we
have not attempted to form any table for their
nonienclature. ' We only know that thefe radi-
~ cals are fufceptible of oxygenation, and of form-
ing the muriatic, fluoric, and boracic acids : and
that, in the acid ftate, they enter into a number
of combinations, to be afterwards detailed. Che-
miftry has hitherto been unable to difoxyge-
pate any of them, fo as to exhibit them ina
fimple fate. For this purpofe, fome fubftance
.muft be employed, to which oxygen has a ftrong-.
er affinity than to their radicals, either by means
of fingle affinity, or by double ele@ive attrac-
tion. All that is known relative to the origin
of the radicals of thefe acids, will be menttoned
in the fe@ions fet apart for confidering their
combinations with the falifiable bafes. '

Sect. XIL—Obfervations upon the Combinations
of Metals with each other.

Before clofing oup account of the fimple or
clementary fubftances, it might be fuppofed ne-
ceflary to give a table of alloys or combinations
of metals with each other; but, as fuch a table
would be both exceedingly voluminous and very
unfatisfaltory, without going into a feries of
experiments not y«t attempted, 1 have thought
it advifable to omit it altogether. All that is

X 4 neceflary
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neceffary to. be mentioned is, that thefe alloys
fbould be named according to the metal in lar-
geft proportion in the mixture o1 combination ;
thus the term alloy of gold and filuer, ot gold al-
loyed with filver, indicates that gold is the pre-
dominating metal. '

Metallic alloys, like all other combmatnom,
have 2 point of faturation ; it would even ap-
pear, from the experiments by Mr de la Briche,
that they have two perfectly dtﬁm& degrecs of
faturatlon.

- TABLE.
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TaBLE of the Combinations of Azot, in the flaté of Ni-
trous Acid, with the Salifiable Bafes, arranged accord»
ing to the Affinities of thefe Bafes with the Acid.

Naraes of the

Notes.

Thefe falts are on-
ly known of late, and
have received no par-
ticular names in the old
nomenclature.

L
- As metals. diffolge

both in nitrous and
nitric acids, metallic
falts muft of confe-
quence be formed ha-
ving different degrees
of oxygenatipn. Thofe
wherein the metal'is
leaft oxygenated muft
be called Nitrites, and
when more fo Nitrats ;
but the Hmits of this
diftin&ion are difficult-
ly afcertainable. The
older chemifts were not
acquainted with any of
_thefe falts.

It is extremely probable, that gold, filver, and

Names of the Neutral Salts.
Bafes. New Nomenclature.
Barytes Nitrite of barytes.
Potath potath
Soda foda,
Lime lime. <
Magnefia . magnefia.
Ammoniac A mmoniac.
Argil argil.
Oxyd ¢ of zinc zinc.
iron iron.
manganefe manganefe.
cobalt cobalt.
nickel nickel.
lead lead.
tin tin. b
copper copper.
bifmuth bifmuth.
antimony antimony.
arfenic arfenic.
mercury mercury.
filver
gold
platina (the ftate of mtmes.

gplatma, only form nitrats, and cannot fubfift in

Tanre
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TABLE of the Combinations of Awot, completely faturated urth
Ozxygen, in the flate of Nitric dcid, with the Salifiable Bafer,
in the Order of their Affinity with that Acid.

Narnes of the refulting Neutral Sales.

Magnefia |
Ammonia¢

Argil
Oxyd of zinc
' iron

manganefe
:cobalt
nickel
lead
tin
copper
bifmuth

antimony
arfenic
mercury

filver
gold
'plauna

Bafes. New Nomenclature. N old Nomclatuge;f
. ' , itre¢, with a bafe of
Barytes ' Nitrat of barytes heavy earth.
Nitre, faltpetre, Nitre
Potath potath witix bafe of p,otaﬂl.
. ‘Quadrangular nitre,
Soda foda Nitre with bafe of
. mineral alkali.
Strontites firontites Unknown.
, . Calcare.us nitre. Niy
. " Sy . tre with calcareous
- Lime fime bafe, Mother.water of

nitre, or of faltpetre,

6 Magnefian nitre, Nitre

magnelia with bafe of magnefia.
ammoniac A mmoniacal nitre.

' Nitrous allum, Argil.

laceous nitre, Nitre

acgil with bafe of earth of
. allum,
zinc Nitre of zinc.

Nitre of iron, Martial
nitre, Nitrated iron.
manganefe  Nitre of manganefe.

iron

cqbalt Nitre of copalt.
nickel Nitre of nickel.
Saturnine nitre, Nitre
) lcad { of lead. !
tin- Nitre of tin.

Nitre of copper, or of

- copper Venus.

bifmuth Nitre of bifmuth.
antimony  Nitre of antimopy.
arfenic = Avrfenical nitre.
mercury Mercurial nitre.

. ¢ Nitre of filver, or of

filver luna, Lunar Cauftic.
gold Nitre of gold.
platina Nitre of platina.

SECT,
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Secr. X111.—Obfervations upon the Nitrous aud
Nitric Acids, and their Combinations.

The nitrous and nitric acids are procured
. from a neutral falt long known in the arts un.
der the name of faltpetre. This falt is extra®-
"ed by lixiviation from the rubbifh of old build-
ings, from the earth of cellars, ftables, or barns,
and in general of all inhabited places *. In thefe
earths the nitric acid is ‘'ufually combined with
lime and magnefia, fometimes with potafh, and
. rarely with argil. As all thefe falts, excepting
the nitrat of potalh, attract the moifture of the
air, and confequently would be difficultly pre-
ferved, advantage is taken, in the manufa@ures
of faltpetre, and in the royal refining houfe, of
- the greater affinity of the nitric acid to potafh
than thefe other bafes, by which means the lime, -
magnefia, and argil, are precipitated, and all
thefe nitrats are reduced to the nitrat of potafh,

or faltpetre. ,
The nitric acid is procured from this falt by
eans of diftillation. Three parts of pure falt,
petre

* Saltpetre is likewife procured in large quantities by
Exiviating the natnral foil in fome parts of Bengal, and of

she Ruffian Ukraine—T.
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* petre are decompofed by means of one part of
concentrated fulphuric acid, in a retort with
‘Woulfes apparatus, {(Pl. IV. Fig. 1.) having

its bottles half filled with water, and all its _

Joints carefully luted : the nitrous acid pafles
over in form of red vapours furcharged with ni-
trous. gas, or,-in jother words,. not completely
faturated with oxygen. Part of the acid con-
denfes in the recipient, in form’of a dark orange
red liquid, while the reft combines with the
water in the bottles. During the diftillation,
alarge quantxty of oxygen gas efcapes, owing
to the greater affinity of oxygen to calonc,
in a high temperature, than to nitrous acid,
though in the ufual temperature of the atmo-
fphere this affinity is reverfed. It is from the
difengagement of ¢xygen that the nitric acid
-of the neutral falt is in this operation converted
into nitrous acid *. It is brought back to the
fate of nitric acid by heating over a gentle fire,
which drives off the fuperabundant nitrous gas,
and leaves the nitric acid much diluted with

water. _
. Nitrie¢

* It is evident, that in this operation, there is a very
great lofs of nitric acid; asy from the difpngagemont of
dxygen, we cannct poffibly procuré mear the fame quan-~
tity of nitric acid by diftillation, that enifted in the goms
bined ftate in the nitre.~T. '
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Nitric acid is poocurible in & more concéns
trated ftate, and with mach lefs lofs, by mixing
very. dry clay with faltpetre. This mixture
is put into an earthen retort, and diftilled with a
firong fire : the clay comibines with the potafh,
fot which it has great aﬂimty, and the, sitrie
acid paffes over, flightly impregnated with ni-
trons gas. .This is eafily difengaged by heat.
ing the dcid geatly in a retort, a fmall quantity
of nitrous gas pafles over into the recipient, and
very pure,conéentrated mitric agid remains in
the retort.

We have alrcady fccn, that azot i3 the nmu,
radical. - If: to. 2c%. parts by weight, of azot,
435 parts of ‘oxygen .be added, 6y parts of ai-
trous gas are formed ; and, if to this we join 36
additional parts of oxygen, 100 parts of nitri¢
-acid refult from thecombination. Intermediate
quantities of oxygen, between thefe two ex-
tremes of oxygenation, produce different fpe-
cies of nitrous acid ; or, ia other words, nitric
acid lefs or more impregnated with nitrous gas..
I afcertained the above proportions by means of
decompeofition ; and though I'cannot anfwer for
their abfolute accuracy, they cannot be far re-
moved from truth. Mr Cavendith, who firft
fhewed by fynthetic experiments, that azot is
the bafe of nitric acid, gives the proportions of
azot a little larger than I have done; but, as it -
is not improbable that he produced the nitrous

acid,
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‘acid, and not the nitfic, that circumftance éx.
plains in fome degree the difference-in the re:
fults of our experiments. :

As, in all experiments.of a philofophical na«
ture, the utmoft poflible degree of accuracy is
required, we muft procure the nitric acid for
experimental purpofes, from nitre which has
been.previoufly purified from all foreign mat-
ters. If, after diftillation, any fulphuric acid is
fufpected in the nitric acid, it is eafily feparated
by dropping in a little nitrat of barytes, fo long
as any precipitation takes place; the fulphuric
acid, from its greater affinity, attra@s the bary-
tes, and forms with it an infoluble. neutral falt;
which falls to the bottom. It may be purified
in the fame manner from muriatic acid, by
dropping in a little njtrat of filver, fo long as any
precipitation of muriat of filver is produced.
When thefg two precipitations are finifhed, dif
til off about feven-eights of the acid by a gentle
heat, and what comes over is in the moft perfect
degree of purity. :

The nitric acid is remarkably prone to com-
bination, and is at the fame time very eafily
decompofed.  Almotft all the fimple fubftances,
with the.exception of gold, filver, and platina,
rob it lefs or more of oxygen; fome of them
even decompofe it altogether. It was very an-
ciently known, and its combinations have been

more ftudied by chemifts than thofe of eny
. other
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other acid, ‘Fhefe combinations were named
nitres by Meflts Macquer and Beaumé ; but we
have changed their names to nitrats and nitrites,
according as they are formed by nitric or by ni-
trous acid, and have added the {pecific name of
each particular bafe, to diftinguifh the feveral
combinations from each other,

TasLe
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T&sLx of the Combinations of Sulphuric Acid with
the Salifiadle Bafes, in the order of Affinity,

Names of the Bafes. - - Refulting Compoupds.
New Nomenclature. 0ld Nomenclature.
Heavy fpar, Vitriol
Bar?tes Sulphat of barytes . hea{lyl:: t’th. ol of
Strontites ftrontites ~ Unknown.
L " Vitriolated " tartar, Sal
Potath potath de duobus, Arcanum
L . duplicatum,
Soda foda Glaubers falt.
Lime lime {Sclenite, gyp_fum, cal-
careous.vitriol.

: Epfom falt, Sedlitz. falt,

Magnefia ' magnefia Magnefian vitriol.

Ammoniac ammoniac {Glaube'rs fecret fal am-
, moniac.

Argil argil Alum.

triol, White coperas,
Vitriol of zinc.
* [ Green coperas, Green
iron iron vitriol, Martial vitriol,
’ L Vitriol of iron.
" manganefe  manganefe Vitriol of manganefe.

., White vitriol, Goflar vi-
. Oxyd of zinc zinc {

cobalt cobalt Vitriol of cobalt.
s nickel nickel Vitriol of nickel.
lead lead . Vitriol of lead.
tin tin Vitriol of tin.
, Blue coperas, Blue vi-
copper copper triol, Koman vitriol,
‘ Vitriol of copper.
bifmuth bifmuth Vitriol of bifmuth.
_antimony antimony  Vitriol of antimony..
arfenic atfenic Vitriol of arfenic.
mercury mercury Vitriol of mercury.
filver filver Vitriol of filver.
gold gold Vitriol of gold.
platina . platina Vitriol of platina.

- -SEcT.
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Secx, XIV.—Obfervations upon Sulpharic Acid,
and its Combinations.

For a long time this acid was procured by
diftillation from fulphat of iron, in which ful-

- phuric acid and oxyd of iron are combined,

according to the procefs defcribed by Bafil Va-

“lentine in the fifteenth century; but, in mo-

—

dern times, it is procured more economically
by the combuftion of fulphur in proper veflels,
Both to facilitate the combuftion, and to affift
the oxygenation of the fulphur, a little powder-
ed faltpetre, or nitrat of potafh, is mixed with

; the nitre is dccompofed giving out its oxy-

) gen to the fulphur, and contributes to its con-

verfion into an acid. Notwuhﬁandmg this ad-
dition, the fulphur will only continue to burn,
in clofe veffels, for a limited time ; the cambina-
tipn foon ceafes, becaufe the oxygen is exhauft-
ed, and the air of the veffels is reduced almoft tp
pure azotic gas ; and becaufe the acid itfelf re-
mains long in the ftate of vapour, and hinders
the progrefs of combutftion.

In thé manufaories for making fulphunc
acid in the large way, the mixture of nitre and
fulphur is burnt in largc clofe-built chambers,
lined with lead, having a'little water at the bot:-
tom, for facilitating the condenfation of the ya-
pours. Afterwards, by diftillation in large re-
" Vo I, X torts
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torts with a gentle heat, the water paffes over,
flightly impregnated with acid, and the fulphu-
ric acid remains behind in a concentrated ftate.
It is then pellucid, without any flavour, and
nearly double the weight of an equal bulk of
water. This procefs would be greatly facili-
tated, and the combuftion much prolonged, by
introducing frefh air intothe chambers, by means
of feveral pairs of bellows dire@ed towards the
flame of the {ulphur, and by allowing the nitrous
gas to efcape through long ferpentine canals, in
. conta& with water, to abforb any fulphuric or
fulphurous acid gas it might contain.

By one experiment, Mr Berthollet found that
69 parts of fulphur in combuftion, united with
31 parts of oxygen, to form 100 parts of ful-
phuric acid ; and, by another experiment, made
in a different manner, he calculates that 100
parts of fulphuric acid confift of 72 parts of ful-
phur, combined with 28 parts of oxygen, all by
weight.

'This acid, in common with every other, can
only diffolve metals when they have been pre-
vioufly oxydated ; but moft of the metals are
capable of decompofing a part of the acid, fo
as to carry off ‘a- fufficient quantity of oxygen,
to render themfelves foluble in the part of the
acid which remains undecompofed. This hap-
pens with filver, mercury, iron, and zinc, in
boiling concentrated fulphuric acid ; they be-

/ come
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come firft oxydated by decompofing part of the
acid, and are thea diflolved in the other part;
but they do not fufficiently difoxygenate the
decompofed part of the acid to reconvert it in-
to fulphur ; it is only reduced to the ftate of
fulphurous acid, which, being volatilized by the
heat, flies off in the form of fulphurous acid gas.

Silver, mercury, and all the other fmetals ex-
cept iron and zinc, are infoluble in diluted ful-
phuric acid, becaufe they have not fufficient af-
finity with oxygen to withdraw it from its com-
bination either with the fulphur, the fulphu- .
rous acid, or the hydrogen ; but iron and zinc,
being affifted by the a&ion of the acid, decom-
pofe the water, and become oxydated at its ex-
pence, without the help of heat *,

Y2 - TaBLE

N

* The ‘hydrogen gas, employed in filling balloons; is
chiefly procured by this procefs of diffolving iron filings,
or borings of iron cannon; in dilute fulphuric acid. The
iron decompofes the water, forming oxyd of iron with
its oxyges, and combines with. the fulphuric a=d into
fulphat of iron, while the hydrogen of the water is faﬁ
free in the galeous form.=T.
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"TABLE of the Combinations of the Sulpburous A-
cid with the Salifiable Bafes, in tbe order of

Affinity.
Narmes of the Rafes.
Rarytes
Potath
Soda
Lime
Magnefia
- Amimoniac
Argil
Oxyd of zinc
’ iron
. manganefe
cobalt
nickel
-lead
tin
copper .
bifmuth
antimony
arfenic
mercury
filver
gold
. platina -

Names qf the Neutral Salts,

Sulphne of barytes.

/

potath.
fods.
lime.

, magneﬁa.

ammonias.
afgil. .
zinc.

iron.

‘manganefs.

cobalt.
nickel’
Jead. -
t‘.m. .
copper.
bifmuth.
antimony.
arfenic.
mercury,
filver.
gold.
platina.

Skcr.

Note. The only one of thefe falts knpwa to the old
chemifts was the fulphite of Potath, under the name of
Stabls fulphureous falt : So that, before our new nomea-
clature, thefe compouads: muft have been. named Ssabls
Julpbureous fakt; having bafe of fixed vegetzble altkali;

and fo of th= reft.

In this Table we have followed Bergmam order of aﬁ¢
" pity of the fulphuric acid, which is the fame in regard to
- the earths and alkalies, but it is not certain if the order be

the fame for the metallic oxyds.—A. .

N
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Skcr. XV.—-Obﬁmatwm upon Sulp.buraw Aad .
and its Combinations.

"The fulphurous acid is' formed by the union
of oxygen with fulphur, in a lower dégree of
oxygenation than the fulphuric acid. Itis pros
curable either by burning fulphur flowly, or by
diftilling fulphuric acid from {ilver, antimony,
lead, mercury, or charcoal ; by thefe operatlons .

a part of the oxygen quits the acid, uniting to '
thefe oxydable bafes, and the acid paﬂ'es over
in the fulphurous ftate of oxygenation, This
acid, in the common preflure and tempcraturc
of the air, can only exift in form of gas ; but it
appears, from the experiments of Mr Clouet,
that, in a very low temperature, it condenfes,
and becomes fluid. Water abforbs a great deal
more of this gas than of carbonic acid gas, but

much lefs than it does of muriatic acid gas.
That the metals cannot be diffolved in acids
without being previoufly oxydated, or by pro-
curing oxygen, for that purpofe, from the acids
during folution, is a general and well-eftablifhed
fa@, which I have perhaps repeated too often.
Hence, as fulphurous acid is already deprived of
great part of the oxygen neceffary for forming
the fulphuric acid, it is more difpofed to reco-
ver oxygen, than to furnifh jt to the greateft
part of the metals ; and, for this reafon, it can-
Y3 not
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not diffolve them, unlefs previoufly oxydated by
other means. From the fame principle it is
that the metallic oxyds diffolve without effer-
vefcence, and with great facility, in fulphurous
acid. - This acid, like the muriatic, has even the
 property of diffolving metallic oxyds furchar-
ged with oxygen, and which are, confeqnently,
infoluble in fulphuric acid, and in this way true
fulphats are formed. Hence we might be led
to conclude that there are no metallic fulphites,
were it not that the phenomena which accom-
pany the folution of iron, mercury, and fome
other metals, convince us that thefe metallic
fubﬁances are fufceptible of two degrees of oxy-
datlon, during their folution in acids. There-
fore the neutral falt in which the metal is leaft
oxydated muft be named fulpbite, and that in
which it is fully oxydated, muft be called /ulpbat.
It is yet unknown whether this diftin&ion is ap-
plicable to any of the metallic fulphats, except
thofe of iron or mercury.

 Tamy
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TasLE of the Combinations of the Pbofphorous
and Pbofphoric Acids with tbe Salifiable Bafes,
in the Order of Affinity. :

Names of the Names of the Neutral Salts formed by

Bafes. Pbhofpborous Acid. Pbhofpboric Acid.
Lime Phofphites of * Phofphats of 1

lime lime.

Strontites ftrontites frontites.
Barytes barytes barytes.
Magnefia magnefia #magnefia.
Potath potath - potafh,
Soda * foda - foda.
Amwmmoniac ammaniac ammoniac,
Argil argil argil.
Oxyds of . .

zipc zinc zinc.

iron ¢ iron iron,

manganefe manganefe manganefe.

cobalt cobalt cobalt.

nickel “nickel ’ nickel.

lead lead lead.

tin tin ; tin.

copper ' copper copper.’

bifmuth bifmuth bifmuth.

antimony antimony antimony,

arfenic arfenic arfenic.

mercury mercury mercary.

filver + . filver filver.

gold gold gold.

platina . platina platina,

Y4 SecT.

* All the phofphites were unknown till lately, and con- -
fequently have not hitherto received names.—A.

+ The greater part of the phofphats were only difco.
vered of late, and have not yet been named.—A.

1 The exiftence of metallic phofphites fuppofes that me-
tals are fufceptible of folution in phofphoric acid at different
fegrees of oxygenation, which is not yet afcertained-—A.
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8ier. XVI.—Oij’rva{ioiz:'upon Phofplioroks and
Phofpboric Acids, and their Combinations.

. Underthearticle Phofphorus, Part II. Se€t. IX,
we have already given a hiftory of the difco-
very of that fingular fubftance, with fome obfer-
vations upon the mode of its exiftence in ve<
getable and animal bodies. The beft method
of obtaining this acid in a ftate of purity is by
burning well purified phofphorus under bell-
glaflfes, moiftened on the infide with diftilled
water ; during combuftion it abforbs twice and
" a half its weight of oxygen ; fo that 100 parts
of phofphoric acid is compofed of 28% parts of
phofphorus united to 715 parts of oxygen. This
acid may be obtained concrete, in form of white
flakes, which greedily attract the moifture 6f the
é'u-, by burning phofphorus in a dry glafs over
mercury;

"Fo obtain phofphorous acid, which is phofpbo-
rus lefs oxygenated than in the ftate of phofpho-
ric aeid, the phofphoras ihuft be burnt by a very
flow fpontaneous combuftion over a glafs funnel
leading into a cryftal phial ; after a few days,
the phofphorus is' found oxygenated, and the
phofphorous acid, in proportion as it forms, at-
trats moiftiire from the air, anid drops into the
phial. The phofphiorous acid is readily changed
into phofphbrlc acid by expofure for alopg time

Qo
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o the free air ; it abforbs oxygen from the air,
and becomes fully oxygenated. '

As phofphorus has a fufficient affinity for oxy-
gen to attract it from the nitric and oxygenated
muriatic acids, we¢ may form phofphoric acid, by
means of thefe acids, in a very fimple and cheap
.manner. Fill a tubulated receiver, half full of

concentrated nitric acid, and heat it gently, then
throw in {mall pieces of phofphorus through the
.tubé, thefe are diffolved with effervefcence, and
-ted fumes of nitrous gas fly off ; add phofphorus.
{o long as it will diffolve, and then increafe the
fire under the retort, to drive off the laft parti-
. cles of nitric acid ; phofphoric acid, partly fluid
"and partly concrete, remains in the retort.

TasLe
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T'aBLE of the Combinations of Carbonic Acid, with
the Salifiable Bafes, in the Order of Affinity.

Nomes of the B}gﬁ:. Refulting Noutral Salis,
ew. Nomenclature. Old Nomenclature.
Carbonats of * § Aérated-or Effervefcent heary

Barytes barytes earth.
. . Chalk, Calcareous fpar,
Lime lime Aérated calcateogs carth.
Strontites ftrontites Unknown.
. Effervefcing or Aérated fixed
Potafh potath vegt:gble alkali, Mephite of
‘ po

-Ai:'rated.or Eﬂ'ervefcing fixed
‘ A mineral :ékali, Mephite foda.
crated, effervefcing, mild or
Magnefia magnefia { A me;:l:li’tic g:gneﬁag.’
. . crated, effervefeing, mild or
Ammoniac  ammoniag mephi,tic, volatile §Mi.
- § Acrated or efferve(cing argilla-

Soda foda

Argil argil ceous earth, or Earth of alum.
Oxy:ds of . Zinc fpar, Mephitic or acrated
zine zinc s zinc. 'M po
. . parry iron-ore, Mephitic of
iron tron i aérated iron. P
manganefe manganefe ° Aérated manganefe.
cobalt cobalt Agérated cobalt. .
nickel - nickel Aérated nickel,
lead lead Sparry lead-otey or Afrated
tin tin " Aérated tin.
copper copper Aérated copper.
bifmuth  bifmuth Aérated bifmuth.’
antimony  amtimony’ Aeérated antimony.
arfenic arfenic Acérated arfenic.
mercury , mercury . Aerated mercury.
filver filver Acérated filver.
gold gold Acérated gold.
platina platina Acérated platina.

SecT,

# Ag thefe falts have only been underftood of late, they
have not, properly fpeaking, any old names. Mr Morveau,
in the Firft Volume of the Encyclopedia, calls them M-
phites ; Mr Bergman gives them the name of aérated ; and
Mr de Fourcroy, who calls the carbonic acid chalky acid,
gives them the name of chalds~—A.
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Sect. XVIL.—OQbfervations upan Carbonic Acz’é,
. and its Combinations.

L 4

Of all the known acids, the carbonic is the
moft abundant in nature; it exifts ready form-
ed in chalk, marble, and all the calcareous
ftones, in which it is neutralized by a particu-
lar earth called Zime. To difengage it from this
combination, nothing more is requifite than to
add fome fulphuric acid, or any other which
has a ftronger affinity for lime ; a britk effervef-
cence enfues, which is produced by the difenga-
ged carbonic acid afluming the ftate of gas, im-
mediately upon being fet free. This gas, inca-
pable of being condenfed into the folid or liquid
form by any degree of cold or of preflure hither-
to known, unites to about its own bulk of water,
and thereby forms a very weak acid liquor. It
may likewife be obtained in great abundance
from faccharine matters in fermentation ; but is
then contaminated by a fmall portion of alcohol,
which it holds in folution.

As carbon is the radical of this acid, we may
form it artificially, by burning charcoal in oxy-
gen gas, or by combining charcoal and metallic

oxyds in proper proportions ; the oxygen of the .

oxyd combines with the carbon, forming carbo-
nic dcid gas, and the metal being left free, reco-

yers its metallic or reguline form.
We are indebted for our firft knowledge of
this
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this acid to Dr Black, before whofe time its pre-
perty of remaining always in the ftate of gas had
enabled it to elude the refearches of chemiftry.
It would be a moft valuable difcovery to fo-
ciety, if we could decompofe this gas by any
cheap procefs, as by that means we might ob-
tain, for economical purpofes, the immenfe ftore
of charcoal contaired in calcareous earths,
marbles, limeftones, &c. This cannot be ef-
fe@ted by fingle affinity, becaufe, to decompofe
the carbonic acid, it requires a fubftance as
combuttible as charcoal itfelf, fo that we Ihoulq
only make an exchange of one combuftible bo-
dy for another not miore valuable ; but it may
poflibly be accomplifhed * by double affinity,
fince this procefs is fo readily performed by Na-
ture, vdhring vegetatidn, from the moft common

materials.
TaBLE

# Mr Smithfon Tennant has given, in the Phil. Tranf
_for 1791, Art. XI. fome experiments on the decompofi--
tion of carbonic acid. Seme powdered marble, flightly cal-
cined, and fome phofphorus, being introduced into a glafé-
tube coated with a lute of fand and clay, are kept in a red
heat fot fome minutes, and fuffered to cool ; on b‘reéking
the tube, a black powder is found, which confifts of chac-
. ¢o0a} and phofphdt of lime. In the laboratory of DrBhck,
tire decompofition has beeti produced, vid bumidd ; fome
folution of fulphuret of potath, that had ftood fbr feveral
days in an open matrafs, expofed to the air of the roor,
_ which had been breathed by feveral hundred ftudegts, was
fmd to have depofited charcoal on the fides of the vef-
fel—T. '
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‘TABLE of the Combinations of Muriatic Acid with the

" Salifable Bafes, in she Order of Affiuity-
Nawas of the Refuting Newtsal Salts.
Bafes. New Nomencloture. 0ld Nomenclature.
Muriat of Sea-falt having befe of
Barytes
barytes heavy earth.
G ’ Febrifuge falt of Sylvins.

Potath potalh . { M:lxl:a:led vegetable fixed
: ! le

Soda foda Sea-falt. ‘

Strontites ftrontites Unknown. ;

. Cge Muriated lime.

Lime lime Oil of lime.

Marine Epfom fak.

Magnefia magnefia {Muriated magnefig.

Ammoniac  ammoniac Sal ammoniac,

Muriated alum, Sea-falt

Argil argil with bafe of earth of

' alum.

Oxyd of : ‘Sea-falt of zinc, or Muri-
zinc 2inc : atio zinc. .
iron iron ‘ o Sa}:a?ft;l:c'm, c"t Martial
manganefe manganefe Sea-falt of manggnefe.

. cobalt cobalt ‘Sea-falt of cobalt,
nickel nickel Sea-falt of nickel.
lead leag o - Horney lead,or Plumbum
. } . c0m?nm. . .

. fmogkipﬁ, of tin Smoalr:mg liquor of Li-
tin { folid, of tin bavias. = . '
’ -{_Butter of tin,

copper copper. Sea-falt of capper.
bifmuth bifmuth Sea-falt of bifmuth.
antimony  antimony Sea-falt of antimony.
arfenic arfenic Sea-falt of arfenic.

€ Sweet fublimate of mer-
fweet, of mercury d  cury, Calomel, Aquila

mercuryq : - T - alba. .
: sdsrefive, of mer- § Corrofive fublimate of
cury mercury.
filver Gilver , Horny filver, Argentum
. ; X corsenm, Lyng cerand.
gold gold . Sea-falt of gold.
platina platina Sea-falt of platina.

TasLE
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TasLE qf tbe Combinations of Oxygcnated Mzmd-
tic Acid with the Salifiable Bafes, in the Order

' of Affinity.

Narmes of the Bq'/'ua

Barytes
Potath
Soda
Lime -
. Magnefia
Argil -
Oxyd of
zinc
iron
manganefe
cobalt
nickel
lead
tin
copper
bi{imuth
antimony
arfenic
mercury
filver
gold

- platina

Nmm of the Neutral Salts by

the New Nomenclature

Oxygenated muriat * of

barytes. >
potath,

foda.

lime.

magnefia.

argil.

' gine,

iron.
manganefe.
cobalt.
nickel.
lead.

tin.
copper.
bifmuth.
antimony.
arfenic,
mercury,
filver.
gold.
platina.

Sect.

Thxs order of falts, ennrely unknown to the older ches
. mifts, was difcovered in 1786 by Mr Berthollet.—A.

~ * The much' more convenient term of Oxymuriat, is
- new very generally adopted for this order of combina-

ﬁmb—To
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Sect. XVIII.—O0bfervations upon Muriatic and
Oxygenated Muriatic Acids, and. their Combi-
ngtions.

Muriatic acid is very abundant in the mine-
ral kingdom, naturally combined with different
falifiable bafes, efpecially with foda, lime, and
magnefia. In fea-water, ‘and the water of fe-
veral laRes, it is combined with thefe three ba-
fes; and in mines of rock-falt it is chiefly united
to foda. This acid does not appear to have
been hitherto decompofed in any chemical ex-
periment * {o that we have no idea whatever
of the nature of its radical, and only conclude,
from analogy with the other acids, that it con-
tains oxygen as its acidifying principle. Mr Ber-
thollet + fufpes the radical to be of a metallic
fature ; but, as Nature appears to form this acid
daily in inhabited places, by combining miafmata
with aériform fluids, this muft neceffarily fuppofe
a metallic gas to exift in the atmofphere, which

" is certainly not impoflible, but cannot be admit-
ted without proof.

The

* This fubje& has be¢n already mentioned in fome for-
mer notes, where the late difcovery of this bafe is faid ta
have been made by Dr Girtanner.—T.

+ He has fince entertained an idea, but not grounded

on decifive experiments, that its bafis is a compound of
hydrogen and azat.—T.
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The muriatic 'acid has only a moderate ad-
herence to the falifiable bafes, and can readily
, be driven from its combination with thefe by

fulphuric acid. Other acids, as the nitric, for

inftance, may anfwer the fame purpofe ;. but ni-
* tric acid being volatile, would mix, during diftil-
lation with the muriatic. About one part of ful-
phuric acid is fufficient to decompofe two parts of .
decrepitated fea-falt. This operation is performed
in a tubulated retort, having Woulfes apparatus,
PL IV. Fig. 1. adapted to it. When all the junc-
tures are properly luted, the fea-falt is put into
the retort, through the tube, the fulphuric acid:
is poured on, and the opening is immediately
clofed by its ground cryftal-ftopper. " As. the
muriatic acid can only fubfift in the gafequs
form, in the ordinary temperature, we cannot
candenfe it without the prefence of water. Hencey
the ufe of the water with which the bottles in
Woulfes apparatus are half filled ; the muriatic
acid gas, driven off from the fea-falt in the retort,
combines with the water, and forms what the old
chemifts called fmoaking fpirit of falt, ot Glaubers
Jpirit of fea-falt, which we now name muriatic
acid. : ‘
The acid obtained by the above procefs is
fill capable of combining with a further quantity’
of oxygen, by being diftilled from the oxyds of
manganefe, lead or mercury ; and the refulting
acid, which we name oxygenated muriatic acid,
can
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can only, like the former, ex ft in the gafeous
form, and s abforbed, but in a much fmaller
quantity, by w.ter.’ When the impregnation
of water with this gas is pufhed beyond a cer-
tain point, the fuperabundant acid precipitates
to the bottom of the v.f I: in a concrete form,
Mr Berthollet has fho .n that thi acid is.capa-
ble of combining with a great number of the
falifiable bafes. T hc neutral falts, which refult
from this union are fu-ceptible of deflagrating
with charcoal, and with many of the metallic
fubftances ; but thefe deflagrations are very vio-
lent and daggerous, owing to the great quantity
of caloric which the oxygen carries along with
it into the compofition of oxygenated muriatic
acid *,

Yor. I, 7 TAaBLE

* ]t has been formerly mentioned, that Murioxic acid
would be a more convenient term for this acid, than oxy-
genated muriatic, the one adopted in the new nomencla-
ture by the French chemifts : In this cafe, the combina-
tions would be named Murioxats of barytes, &c. ; inftead
of the much longer, and not more evident, terms of oxy-
genated muriats,

Of late the Britith chemifts bave generally called this
acid Oxymuriatic, and- its compounds with falifiable bafes
Oxymuriati—T,
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T aBLE of the Combinations of Nitro-miriatic Acid
with the Salifiable Bafes, in the Order qf Af-
Sfinity, fo far as is known.

Names of the Bafer, Names of the Neutral Salt:.
Argil ~ Nitro-muriat of argil,
Ammoniac . ammoniac.
Oxyd of )

antimony antimony.
filver filver.
arfenic arfenic.
-~ Barytes : barytes..
., Oxyd of
bifmuth bifmuth,
Lime lime.
Oxyd of )
cobalt cobalt. *
copper " copper.
tin tin.
1\-onﬁ iron. ; .
Magnefia : magnefia.
Oxyd of @
manganefe . manganefe.
mercury mercury.
molybdena molybdena.
nickel nickel. " .
gold gold.
platina platina.
Tead lead.
Potath potafh.
- Soda foda.
Oxyd of A
tungftein tungﬁem.
zinc zinc. ‘
N SEcT.

Note~Moft of thefe combinations, . efpecially thofe
with the earths and alkalies, have been little examined,
and we are yet to learn whether they form a mixed falt,
in which the compound radical remains combined, or if the
two acids feparate, to gotm two ditin& neuntral falts.—A.
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Sect. XIX.—0bfervations upon the Nitro-Mu-
_ riatic* Acid, and its Combinations.

The nitro-muriatic acid, formerly called agqua
regia, is formed by a mixture of nitric and mu-
riatic acids. The radicals of thefe two acids
combine together, and -form a compound bafe,
from which an acid is produced, having proper-
ties peculiar to itfelf, and diftin& from thofe of
all other acids, efpecially the power of diffolving’
gold and platina.

In diffolutions of metals in this acid, as in all
other acids, the metals are firft oxydated by at-
tracting a part of the oxygen from the compound
radical. This occafions a difengagement of a
particular {pecies of gas not hitherto defcribed,
which-may be called nitro-muriatic gas ; it hasa
very difagreeable fmell, and is fatal to animal
life when refpired ; it attacks iron, and caufes
it to ruft ; it is abforbed in confiderable quanti-
ty by water, which thereby acquires fome flight
charatters of acidity. I had occafion to make
thefe remarks during a courfe of experiments

72 upon

" * Azo-muriatic would perhaps anfwer better as a term
for this compound acid ; Azo-muria having been, in a
former note, propofed as a more convenient name for the
bafe than the more lengthened expreflion of Nitro-mu-
riatic radical,—T.
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upon plating, in which I diffolved a confiderable
quantity of that metal in nitro-muriatic acid.

" 1 at firft fufpected that, in the mixture of ni-
tric and muriatic acids, the latter attrated a
part of the oxygen from the former, and be-
.came converted into oxygenated muriatic acid,
which gave it the property of diffolving gold ;
but feveral facts remain inexplicable upon this
fuppofition. Were it fo, we fhould be able to
difengage nitrous gas by heating this dcid, which
however does not fenfibly happen. From thefe
confiderations, I am led to adopt the opinion
of Mr Berthollet, and to confider nitro-muria-
tic acid as a fingle acid, with a compound bafe
or radical.

TaBLE
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TABLE of the Combinations of Fluoric Acid with
the Salifiable Bafes, in the QOrder of Affinity.

Nanmes of the Neutral Salts.
Fluat of lime %,

Names of the Bafes.
Lime
Barytes
Strontites

'Magnefia
‘Pota(h
Soda
Ammoniac
Oxyd of
zinc

" manganefé
iron
lead
tin
cobalt
copper
nickel
arfenic
bifmuth
mercury
filver
gold
platina

And, by the dry way,
. Fluat of argil.

Argil

Z3

barytes.
ftrontites.
magnefia.
potafh.
foda.

ammoniac.

zinc. _
manganefe.
iron.

lead.

tin.

cobalt,
‘copper.
nickel.
arfenic,
bifmuth.

" mercury.

filver.
gold.
platina.

Skcr.

Note.—Thefe combinations were entirely pnknown to
the old chemifts, and confequently have no names in the

old nomenclature.~A.

* Fluor fpar, or Vitreous fpar,



358 ELEMENTS

Sxct. XK.—Objfervations upon the Fluoric Acid,
] and its Combinations.

Fluoric acid exifts ready formed by Nature,
in the fluoric fpars *, combined with calcareous
earth, fo as to form an infoluble neutral falt.
To obtain it, difengaged from that combination,
fluor fpar, or fluat of lime, is put into a leaden
retort, with a proper quantity of fulphuric acid ;
a recipient, likewife of lead, half full of water,
is adapted, and fire is applied to the retort. The
fulphuric acid, from its greater affinity, expels
the fluoric acid, which paffes over and is abforb-
ed by the water in the receiver. As fluoric acid
is naturally in the gafeous form in the ordinary
temperature, we can receive it in a pneumato-
chemical apparatus over mercury. We are obli-
ged to employ metallic veffels in this procefs,
becaufe fluoric acid diffolves glafs and filiceous
earth, and even renders thefe bodies volatile,
carrying them over with itfelf in diftillation i m
the gafeous form.

We are indebted to Mr Margraff for our firft
acquaintance with this acxd though, as he could

never

® The beautiful fpars from Derbyfhire are of this
kindo"" .
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never procure it free from combination with a
confiderable quantity of filiceous earth, he was
" ignorant of its being an acid fui generis. The
Duke de Liancourt, under the name of Mr Bou-
langer, has confiderably increafed our knowledge
of its properties ; and Mr Scheele feems to have
exhaufted the fubje&. The only thing remain-
ing is to endeavour to difcover the nature of
the fluoric radical, of which we cannot hitherto
form any idea, as the acid does not appear to
have been decompofed in any experiment. It is
only by means of compound affinity that experi-
ments ought to be made with this view, with
any probability of {uccefs.

A TasLE
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Tasiz of the Combination: of Boracic Acid with
the Salifiable Bafes, in the Order of Affinity.

Bafes, ) Nestral Salts.
Lime *. Borat of lime.
Barytes” barytes.
Strontites .+ - frontites.
Magnefia " magnefia. -
Potafh potath. ’
Soda foda.
Ammoniac . ammoniac.
Oxyd of o '
zine zinc.
iron iron.
lead ‘ lead.
tin tin.
cobalt cobalt.
copper copper.
.nickel " nickel.
mercury mercury.
Argil ' argil.

Srer.

Note.—Moft of thefe combinations were neither
known, nor named by the old chemifts. The boracic a-
cid was formerly called fedative falt, and its compounds
borax, with bafe of fixed vegetable alkali, &c.—A.

* By Dr Hopes experiments, in his paper on ftronti-
tes, read to the Royal Society of Edinburgh, lime fol-

lows barytes, and the fuperiority between lime and

frontites is uncertain~—T,



OF CHEMISTRY. 361

, -

Sect. XX1.—Obfervations upon Boracic Acid,
and its Combinations.

This is a concrete acid, extracted from a falt
procured in India, called borax or tincall. Al-
though borax has been very long ‘employed in
the asts, we have as yet very imperfe® know-
ledge of its origin, and of the methods by which
it is extracted and purified ; there is reafon to
believe it to be a native falt, found in the earth,
in certain parts of the eaft, and in-the water of.
fome lakes. The whole trade of borax is in the
hands of the Dutch, who have been exclufively
poffefled of the art of purifying it, till very late-
ly, that Meflrs L’ Eguillier of Paris have rivalled
them in the manufacure ; but the procefs fill
remains a fecret to the world. '

By chemical analyfis, we learn that borax’is
a neutral falt with excefs of bafe, confifting of
foda, partly faturated with a peculiar acid, long
called Hombergs fedative falt, now the boracic
acid. 'This acid is found in an uncombined ftate
in the waters of certain lakes: That of Cher-
chiais in Italy contains 943 grains in each pint’
of water. o o

To obtain boracic acid,. diffolve ‘fome borax
in boiling water, filtrate the folution, and add

fulphuric
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fulphuric acid, or any other having greater af-.
finity to foda than the boracic acid ; this latter
acid is feparated, and is procured in a cryftalline
form by cooling. ‘This acid was long confider-
ed as being formed during the procefs by which
it is obtained, and was confequently fuppofed
to differ according to the nature of the acid
employed in feparating it from thé foda ; but
it is now univerfally acknowledged that it is
identically the {fame acid, in whatever way pro-
cured, provided it be properly purified from
mixture of other acids, by wathing, and by re-
peated folution and cryftallization. It is foluble
both ip water and alcohol, and has the pro-
perty of communicating a green colour to the
flame of that fpirit. This circumftance led to
a fufpicion of its containing copper, which is
not confirmed by any decifive experiment: On
the contrary, if it contain any of that metal, it
muft only be confidered as an accidental mix-,
ture. It combines with the falifiable bafes in
the humid way ; and though, in this manner, it
is incapable of diffolving any of the metals di-
reétly, this combination -is readily affe@ted by
compound affinity. | .
The Table prefents its combinations in the
order of affinity in the humid way ; but there
is a confiderable change in the order, when
we operate vig ficcd ; for, in that cafe, argil,
- though
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though the laft in our lift, muft be placed im-
mediately after foda. ,
The boracic radical is hitherto unknowr, no
experiments having as yet been able to decomn-
pofe the acid; but we conclude, from analogy
with the other acids, that oxygen exifts in its
compofition, as the acidifying principle.

.

TaBLE.
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TABLE of the Combinations of Arfenigc Acid with
the Salifiable Bafes, in the Order of dAfinity.

Bafes. Neutral Salts.
Lime Arfeniat of lime.
Barytes barytes.
Strontites ftrontites.
Magnefia magnefia.
Potafh potath.
‘Soda foda.
Ammoniac ammoniac.
Oxyd of
zinc zinc. ‘
fiianganefe manganefe.
iron iron.
lead lead.
tin tin.
cobalt -cobalt.
copper copper.
nickel nickel.
bifmuth bifmuth.
mercury mercury.
antimony antimony.
filver filver.
gold gold.
platina platina.
Argil  argil.

SEcr.

Note.—This order of falts was entirely unknown to
the old chemifts. Mr Macquer, in 1746, difcovered the
combinations ‘of arfeniac acid with potath and foda, to
. which he gave the name of arfenical meutral Jalts.—A.
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Sect. XXIL.—Qbfervations upon Arfeniac Acid,
and its Combinations.

In the Collections of the Academy for 1746,
Mr Macquer fhews, that when a mixture of
white oxyd of arfenic and nitre are fubjected to
the a&ion of a ftrong fire, a ncutral falt is ob-
tained, which he calls neutral falt of arfenic,
At that time, the caufe of this fingular pheno-
~ menon, in which 2 metal afts the part of afy,
" acid, was quite unknown ; but more modern
experiments teach, that, during this procefs,
the arfenic becomes oxygenated, by carrying
off the oxygen of the nitric acid; it is thus
converted intq a real acid, and combines with
the pogath. There are other methods now
known for oxygenating arfenic, and obtaining
its acid free from combination. The moft fim-
ple and moft effeual of thefe is as follows:
Diffolve white oxyd of arfenic in three parts,
by weight, of muriatic acid ; to this folution, in
a boiling ftate, add two parts of nitric acid,
and evaporate to drynefs. In this procefs the
‘nitric acid is decompofed, its oxygen unites with
the oxyd of airfenic, and converts it into an
acid, and the nitrous radical flies off in the ftate
of nitrous gas; while the muriatic acid is con-
verted by the heat into muriatic acid gas, and

may
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may be colleted in proper veflels. The ar-
. {enaic acid is entirely freed from the other acids
employed during the procefs by heating it in a
crucible till it begins to grow red ;' what remains
1s pure concrete arfeniac acid.

"~ Mr Scheeles procefs, which was repeated
with great fuccefs by Mr Morveau, in the la-
boratory at Dijon, is as follows: Diftil muria-
tic acid from the black oxyd of manganefe;
this converts it into oxygenated muriatic acid,
by carrying off the oxygen from the manganefe;
receive this oxygenated acid in a recipient, con-
taining white oxyd of arfenic, covered by a little
diftilled water ; the arfenic decompofes the oxy-
‘genated muriatic acid, by carrying off its fuper-
faturation of oxygen, and is converted into arfe-
niac acid, while the oxygenateii muriatic acid
is brought back to the ftate of common muriatic
acid. The two acids are feparated by diftilla-
tion, with a gentle heat increafed towards the
end of the operation ; the muriatic acid paffes
over, and the arfeniac acid remams behind in a
white concrete form.

The arfeniac acid is conﬁderably lefs volatile
than white oxyd of arfenic; it often contajns
white oxyd of arfenic in folution, owing to its
not being fufficiently oxygenated ; this is pre-
vented by continuing to add nitrous acid, as
in the former procefs, till no more nitrous gas
1s Procfuced. From all thefe obfervations, I

’ . ' would
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would give the following definition of arfeniac
acid. It isa white concrete metallic acid, form-
‘ed by the combination of arfenic with oxygen ;
it is fixed in a red heat, is foluble in water, and
. is capable of combining with many of the fali-
fiable bafes. ‘

SecT. X XIIL —Obfervations upor Molybdic Acid,
and its combinations with Acidifiable Bafes *.

Molybdena is a particular metallic body, ca-
pable of being oxygenated, fo far as to become
a true concrete acid . For this purpofe, one
part by weight of the ore of molybdena, which
is a natural fulphuret of that metal, is put inte
a retort, with five or fix parts of nitric acid, di-
luted with a quarter of its weight of water, and
heat is applied to the'retort ; the oxygen of the
nitric acid acs both upon the molybdena and
the fulphur, converting the one into molybdic,
and the other into fulphuric acid ; pour on freth

quantities of nitric acid fo long as any red fumes
of

* T have not added the Table of thefe combinations, as
the order of their affinity is entirely unknown; they are
called molybdats of argil, antimony, potafb, &c.—T.

+ This acid was difcovered by Mr Scheele, to whom
chemiftry is indebted for the difcovery of feveral other
acids.—A.,
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of nitrous gas efcape; the molybdena is then
oxygenated as far as is poffible, and is found at
the bottom of the retort in a pulverulent form,
refembling chalk. It muft be wathed in warm
water, to feparate any. adhering particles of fu]-
phuric acid ; and, as it is nardly f{oluble, we lofe
very little of it in this operation. All its combi.
nations with falifiable bafes were unknown ta
the old chemiits ¥, )

TaABLE

* Meflrs Tondi and Ruprecht have lately reduced Mo-
1ybdena to the reguline ftate, by a fimilar procefs to that
formerly defcribed for redlicing the metals of Chalk,
Magnefia and Barytes. They defcribe the metallic but-
ton as being convex and compa&, and refembling fteel
in its colour; its fralture is uneven and granulated, and
has more metallic luftre internally than on the furface;
it is brittle, not hard, and not attra&ible by the magnet.
On the furface of one of the buttons procured in thefe
experiments, fome little cavities were obferved, in which
the metal had cryftallized in form of prifmatic needles,
which were too fmall to allow of their particular confi-
guration being accurately determined. The fpecific
grav.ty of this metal, according to the experiments of
Mr Haidinger, counfellor of the Schemnitz mines, is
6.963, water being taken as 1.000~T.
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Tnx.n of the Combinations of Tungfbic zlvzd 'witb |

the .S'ahjiabfa Bafes.

Bafes. . Wewtral Saits.
Lime Tungftat of lime.
Barytes - barytes.
Magnefia magnefia,
Potath | , potafh.
Soda . . foda. .
Ammoniac ammoniac.
Argil : - argil.
Oxyd of . v

antimony *, &c.. antimony 4, &c.

SecT. XXIV —-Obfervations upon Tungfic Arid,
and its Combinations.

Tungftein is .a particular metal, the ore of
which, has frequently been confounded with
that.of tin. The fpecific gravity of this. ore is
to water as.0 to 13 in its form of cryftallization
it refembles the garnet, and varies in colour

Vor. L. Aa from

# The combinations with metallic oxyds are fet down

'by Mr Lavoifier in alphabetical order, their order of af-

finity being unknown; I have omxtted them as ferving
no purpofe.—T.

"+ All thefe falts were unknown to the old chemifts.
~A.
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from a pearl-white to a yellow and reddifh ; it
is found in feveral parts of Saxony and Bohe-
mia, The mineral called Wolfram, which is fre-
‘quent in the mines of Cornwall, is likewife an
ore of this metal. Im all thefe ores the metalis
oxydated ; and, in fome of them, it appears
even to be oxygenated to the ftate of acid, being
combined with lime into a true tungftat of lime.
To obtain the acid free, mix one part of ore of
tungftein with four parts of carbonat of potafh,
and melt the mixture in a crucible ; then powder
it and pour on twelve parts of boiling water, add
nitric acid, and the tungftic acid precipitates in
a concrete form. Afterwards, to infure the cem-
plete oxygena\tion of the metal, add more nitric
acid, and evaporate to drynefs, repeating this
operation fo long as red fumes of nitrgus gas are
produced. To procure tungftic acid perfedtly
pure, the fufion of the ore with carbonat of pot-
‘ath muft be made in a crucible of platina, other-
wite the earth of the commun crucibles will mix
. with the produéts, and-adulterate the acid.

“TaBLE
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‘T aBLE of the Combinations of Tartarous Acid with
the Salifiable Bafes, in the OUrder of Affinity.

Bafes,
Lime
' Barytes -
Strontites
"~ Magnefia
Potafth
Soda
Ammoniac¢
Argil
Oxyd of
zinc .
iron
manganefe
cobalt
nickel
lead
tin
copper
bifmuth
antimony
arfenic
filver.
.mercury
gold .
platina

Neutral Salts.

Tartarite of lime.

Aaz

barytes.
ftrontites.
maguelia.
potafh.
{oda.
ammoniac.
argil.

sinc.

4ron.

manganefe.
cobalt.
nickel.
lead.
tin.
coppet.
bi{fmuth..
antimony.
arfenic.
filver.
mercury.,
gold.
platina.
SecT.
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. SecT. XXV.Obfervations upon Tartarous
Acid, and its combinations.

Tartar, or the concretion which fixes to the
infide of veflels in- which the fermentation of
wine is completed, i3 a well-known falt, com-
pofed of a peculiar acid, united, in confiderable
excefs, to potafh. Mr Scheele firft pointed out
the method of obtaining this acid pure: Ha-
ving obferved that it has a greater ‘affinity to
lime than to potath, he dire&s us to proceed in
the following. manner. Diffolve purified tartar
in boiling water, and add a fufficient quantity
of lime till the acid be completely faturated.
‘The tartarite of lime, which is thus formed, be-
ing almoft infoluble in cold water, fulls to the
bottom, and .is feparated from the folution of
potafth by decantation ;- it is afterwards. wafhed
in cold water, and dried ; then fome fulphuric
acid, diluted with eight or nine parts of water,
is poured on ; digeft for twelve hours in.a gentle
heat, frequeatly ftirring the mixture, and the
fulphuric acid combines with the lime, leaving
the tartarous acid free. A f{mall quamtity of
gas, not hitherto examined, is difengaged during
this procefs. At the end of twelve hours, ha-
ving decanted off the clear liquor, wafh the ful-
phat of lime in cold water, which add to the

_decanted liquor, then evaporate the whole, and
the

Al
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the tartarous acid is obtained in a concrete form.
Two pounds of purified tartar, by means of
from eight to ten ounces of fulphuric acid, yield
about eleven ounces of tartarous acid.

As the combuftible radical exifts in excefs, or
as the acid from tartar is not fully faturated
with exygen, we call it zartarous acid, and the
neutral falts, formed by .its combinations with
falifiable bafes, are named tartarites. The bafe
of the tartarous acid is a carbono-hydrous or hy-
dro-carbonous radical, lefs oxygenated than in
the oxalic acid ; and it would appear, from the
experiments of Mr Haflenfratz, that azot enters
into the compofition of the tartarous radical,
even in confiderable quantity. By oxygenating
tartarous acid ftill farther, it is convertible into
oxalic, malic, and acetous acids ; but it is pro-
bable the proportions of hydrogen and carbon in
the radical are changed during thefe converfions,
and that the difference between thefe agids does
not alone confift in the different degrees of oxy-
genation. : : .

The tartarous acid is fufceptible of two de-
grees of faturation in its combinatiens with the
fixed alkalies ; by one of thefe a falt is formed
with excefs of acid, improperly called cream of
tartar, which in our new nomenclature is na-
med acidulous tartarite of potafh ; by a fecond
or reciprocal degree of faturation, a perfeétly
neutral falt is formed, formerly called vegetable

Aaz - - Jak,
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" falt, which we name tartasite of potafb. With

foda this acid forms tartarite of foda, formerly
called fal de Seignette, or fal polychreft of Rochell*,

Sect. XX VI.—Obfervations upon Makic Acid,
and its Combinations with the -Sa‘ifiable Bafes +.

The malic acid exifts ready formed in the
four juice of ripe and unripe apples,.and many
other fruits, and is obtained as follows : Satu-
rate the juice of apples with potafh or foda, and
add a proper proportion of acetite of lead dil-
folved in water ; a double decompofition takes
place, the malic acid combines with the oxyd

~ of lead, and p:ecjpitates, being almoft infoluble

and the acetite of potath or {oda remains in the
liquor. The malat of lead being feparated by
decantation, is wafhed with cold water, and fome
dilute fulphuric acid is added ; this unites with
the lead into an infoluble fulphat, and the ma-
lic acid remains free in the liquor.

This
~ * This account of the compofition of Rochell falt is
not quite accurate : It is a triple falt, confifting of tarta-
rous acia faturated by foda and potafh, and is formed by

completely neutralizing acidulous tartarite of potath, by
the addition of a fufficient quantity of foda.—T.

+ I have omitted the Table, as the order of affinity is
unknown, and is given by Mr Lavoifier only in alpha-
betical order. All the combinations of malic acid with
falifix>le bafes, which are named malats, were unknown
to the old chemifts.—T. :
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This acid, which is found mixed with citric
and tartarous acid in a great number of fruits,
is a kind of medium between the oxalic and ace-
tous acids, being more oxygenated than the for-
mer, and lefs fo than the latter. From this cir-
cumftance, Mr Hermbftadt calls it imperfet vine-
gar ; but it differs likewife from acetous acid, by
having rather more carbon, and lefs bydrogen,
in the compofition of its radical.

When an acid much diluted has been ufed in
the foregoing procefs, the liquor contgins oxalic
as well as malic acid, and probably a little tar-
tarous ; thefe are feparated by mixing lime.wa-
ter with the acids, oxalat, tartarite, and malat
of lime are produced ; the twWo former, being.in-
foluble, are precipitated, and the malat of lime
remains diffolved ; from this the pure malic acid
is feparated by the acetite of lead, and afterwards -
by fulphuric acid, as dire@ed above.

Aag TABLE
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\

TasLe of the Combinations of Citric Acid with
the Salifigble Bafes, in the Order of Affinity *.

Bafes. " Neutral Salts.
Barytes Citrat of barytes,
Lime 7 lime.
Magnefia magnefia.
Potath ~ potath,
Soda ° foda.
Ammontac ammaniac.
Oxyd of -
© zinc zine,

‘ftanganefe manganefe.
©iron - ’ iron. '
" “Jead lead..

i echalt " - cobalt.
eopper " copper.
arfenic arfenic.
mercury mercury.
antimony antimony,
filver filver.
gold: gold.
platina platina.

Argil argil.

o Secr.

* Thefe combinations were unknown to the old che-
mifts. The order of affinity of the falifiable bafes with
this acid was determined by Mr Bergman, and by Mr
de Breney of the Dijon Academy.—A.
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Sect. XXVIL.—Obfervations spon Citric Acid,
and its Combinations.

The citric acid is procured by expreffion from
lemons, and is found in the juices of many other
fruits mixed with malic acid. To obtain it pure
and concentrated, it is firft allowed to depurate
from the mucous part of the fruit, by long reft
in a cool cellar, and is afterwards concentrated
by expofing it to the temperature of from 21°
to.23° of Fahrenheit ; the water is thereby fro-
zen, and the acid remains liquid, reduced to
about an eighth part of its original bulk. A
lower degree of cold would occafion the acid
to be engaged among the ice, and render it dif-
ficultly feparated. This procefs was pointed out
by Mr Georgius. |

It is more eafily obtained by faturating the
lemon-juice with lime, fo as to form a citrat of
lime, which is infoluble in water ; wafh this falt,
and pour on a proper quantity of {ulphuric acid ;
this forms a fulphat of lime, which precipitates
and leaves the citric acid free in the liquor.

!

TasLE
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TABLE of the Combinations of Pyro-lignous . A..
cid with the Salifiable Bafes, in tbe Order of

Affinity %,

- Bafes.
Lime
Barytes
Potath

"Soda

. Magnefia

Ammoniac

Oxyd of
zinc
- manganefe
_iron
lead -

- tin
cobalt
copper
mckel
arfenic
bifmuth
mercury
antimony
filver
gold
platina

Argil

Neutral Salts,
Pyro-llgmte of lime.

barytes.
potafh.
foda.
magnefia.
ammoniac.

zinc.
manganefe,
iron.

lead.

tin.

cobalt.
copper.
nickel.
arfenic,

.bifmuth.

mercury.
antimony.
filver,
gold,
platina,

- argil.

Skcr,

® The above affinities were determined by Mefrs de
[orveau and Eloi Bourfier de Clervaux. Thefe eombl-
itions were entirely nnknown till lately.—A.
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Sect. XXVIIL.—Obfervations ugon the Pyro-lig-
nous Acid, and its Combinations.

The old chemifts obferved that moft of the.
- woods, efpemally the more heavy and comipa&
ones, give out a particular acid fpirit, by di-
ftillation in 2 naked fire ; but, before Mr Goet-
ling, who gives an -account of his’ experiments
upon this fubject in Crells Chemical Journal for
1779, no one had ever made any inquiry into its -
nature and properties. This acid appears to be
the fame, whatever tbe the wood-it is procured -
from. When firft diftilled, it is of a brown co-
lour, and confiderably impregnated with carbon
and oil ; it is purified from thefe by ‘a fecond
diftillation. “The pyro-lignous radical is chiefly -
compofed of hydrogen and carbon.

Sect. XXIX.—~Cbfervations upon Pyro-tarta-
rous Acid, and its Combinations with the Sali-
JSiable Bafes *,

The name of Pyro-tartarous Acid is given to
a dilute empyrenmatic acid obtained from puri-
fied

-# The order of affinity of the falifiable bafes with this
gcid is hitherto unknown. Mr Lavoifies, from its fimilas

Tty
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fied acidulous tartarite of potafh, by diftillation
in a naked fire. - To obtain it, let a retort be
half-filled with powdered tartar, adapt a tubu-
Jated recipient, having a bent tube communica-
ting with a bell.glafs in a pneumato-chemical
apparatus ; by gradually raifing the fire under
the retort, we obtain the pyro-tartarous acid
mixed with oil, which is feparated by means of
a funnel. A vaft quantity of carbonic acid gas
is difengaged during the diftillation. The acid
obtained by the above procefs is much conta-
minated with oil, which ought to be feparated
from it. Some authors advife to do this by a
fecond diftillation ; but the Dijon academicians
inform us, that this is attended with great dan-
_ger, from explofions which take place during
the procefs.

TABLE

rity to pyro-lignous acid, fuppofes the order to be the
fame in both; but, as this is not afcertained by experi-
ment, the table is omitted. All thefe combinations, call-
ed Pyro-tartarites, were unknown till latety.—T.
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TABLE of the Combinations of Pyro-mucous Acid
with the Salifiable Bafes, in the Order of Aﬁ.

nity *,

Bafes,

Potath

Soda

-Barytes

Lime

Magnefia

Ammonihc

Argil

Oxyd of .
zinc
manganefe
iron
lead

“ tin

cobalt
copper
nickel
arfenic-

- . ‘bifmuth
antimony

Nextral Salts.
Pyro-mucite of Potafh,

foda.
barytes.
lime.
magnefia.
ammoniac,
argil.

. zine,

manganefe.
iron.

lead.

tin.

cobalt.
copper.
nickel,
arfenic,
bifmuth.
antimony.

SkcT,

* All thefe combinations were unknowa to the dd

chemifts.—A..
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Sect. XXX. — Obfervations upon Pyro-mucous
Acid, and its Combinations *,

This acid is obtained by diftillation in a naked
~ fire from fugar, and all the faccharine bodies ;
and, as thefe fubftances fwell greatly in the
fire, it is neceffary to leave feven eights of ‘the
retort émpty. It is of a yellow colour, verging
to red, and leaves a mark upon the fkin, which
will not remove but along with the epidermis.
It may be procured lefs coloured, by means of
a fecond diftillation, and is concentrated by
freezing, as is direted for the citric acid. It is
chiefly compofed of water and oil, flightly oxy-
genated, and is convertible into oxalic and ma~
lic acids, by farther oxygenation with'the nitric
acid. ’
It has been pretended that a large quantity of
gas is difengaged during the difillation of . this
acid, which is not the cafe if it be conducted
flowly, by means of moderate heat. ©

.. TABLE

* We are told that this acid, and the pyro-lignous and
pyro-tartarous acids, have lately been afcertained to be
only the acetic acid difguifed by the ‘admixture of empy-

reumatic oil.—T.
1




OF CHEMISTRY. 383

TABLE of the Combinations of the Oxalic Acid
with the Salifiable Bafes, in the Order of Affi«

nity *,

Bafes.
Lime
Barytes
Strontites
Magnefia
Potafh
Soda
Ammoniac
Argil
Oxyd of
-~ zinc
“iron

manganefe

cobalt
nickel
lead

. copper

bifmuth

antimony
arfenic
mercury

" filver

‘gold

platina

Neutral Salts.

Oxalat of lime.

barytes.
ftrontites.
magnefia.
potafh.
foda.
ammoniac.
argil.

zinc.
iron.
manganefe,
cobalt,
nickel.
lead.
copper.
bifmuth.
antimony,
ar{enic.
mercury.
filver.
gold.
platina,
SecT.

* All unknowa to the old chemifts.—A..
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Szct. XXXI.—Obfervations upok Oxalic Acid,
and its Gombinations, ‘

The oxalic acid is moftly prepared in' Switzer- -
. land and Germany from the exprefled juice of

-forrel, from which. it cryftallizes by being left
long at reft ; in this ftate it is partly faturated
with potafh, forming a true acidulous oxalat of
potafh, or falt with excefs of acid. To’ obtain
it pure, it mutt be forméd artificially by oxyge-
nating fugar, which feems to be the true oxalic
radical. Upon one part of fugar pour fix or
eight parts of nitric acid, and apply a gentle
heat ; a confiderable effervefcence takes place,
‘and a great quantity of nitrous ‘gas is difenga-

- . ged ; the nitric acid is decompofed, and its oxy-

gen unites to the fugar : by aJlowing the liquor
to ftand at reft, cryftals of ﬁui’c oxali¢ acid are
formed, which muft be dried upon blotting pa-
per, to feparate any remaining portions of nitric
acid ; and, to infure the purity of the acid, dif-
folve the cryftals in diftilled water, and cryﬁal-
lize them aftefh. :

From the liquer remaining after the firft cryl-
tallization of the oxalic acid we may obtain
malic acid by refrigeration : This acid is more
oxygenated than .the oxalic; and by a further

' oxygenation,







Taq '
v Bafes in the Ordér of Affinity.

e

val Salts according to the Old Nomenclature.

;‘Difcovered by Mr de Morveau, who calls it

Muller. Arcanum tartari, of Bafil Valentin
P agiftery. of tartar, of Schroéder. Effential falt
‘rerated tartar, of Tachenius. Diuretic falt,

g qr:ral alkali. Mineral or cryftallizable foliated
Lis; mentioned by Hartman.

Atal acetous falt. ,
o Refpour, Pott, de Laﬁ'one, and Wenzel, |

{ = Monnet, Wenzel, and the Duke d’Ayen.
[ — or of Saturn.
_Monnet, Weflendorff, and Wenzel, but not

_erditer, diftilled verdigris, cryftals of Venus

- or liquid phofphorus of Mr Cadet. ‘
_roi. Known to Gellert, Pott, Weﬂendqrﬁ',

:rs famous antivenereal remedy. Mentioned
- to Helot, Margraff, Beaumé, Bergman, and

—

—, and Wenzel ; unknown to the old chemifts.
—roéder and Juncker.

| Akar diffolves only a fmall proportion of argil.
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oxygenation, the fugar is convertible into ace«
tous acid, or vinegar. - ¥

" The oxalic acid, combined with a fmall quan-
tity of foda er potafh, has the property, like the
tartarous acid, of entering into a number of com-
binations without fuffering decompofition: Thefe
combinations form triple f{alts, or neutral falts.
with double bafes, which ought to have proper
names.- The falt of forrel, which is potafh ha-
ving oxali¢ acid comhined in excefs, is named-
acidulous oxalat- of poteﬁ'l in our new nomen-
clature. = .

The acid procured from forrcl has beentknown

'to chemifts for more than.a entury, being men-:

tioned by Mr Duclos in the: Memoirs of the A~
cademy for 1688; and was pretty accurately de-

 feribed by Boerhiaave ; but Mr-Scheele firft thew-

ed that it contained potath, and demonftrated
its identity with the-acid formed by the oxyge--
nation of fugar. :

Seer. XXXII -—Obﬁ:rvatmm upon Acctau.r Acid,
. and its Combmanom

This acid is compofed of carbon apd hydro-
gen united together, and brought to the ftate of
an acid by the additien of oxygen; it is con-
fequently formed of the famie elements with.
the tartarous, oxalic, citric, and malic acids,-and

Vor. I, Bb ~ others,
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others, but the elements exift in different proe
portions in each of thefe; and it would appear
that the acetous acid is in a higher ftate of oxy-

genation than thefe other acids.. I have fome.

reafon to believe,, that the acetous radical con-
tains a fmall portion of azot; and as this ele.
ment is not contained in the radicals of any ve-
getable acid, except the tartarous, this circum-
ftance is one of the caufes of difference. The
acetous acid, or vinegar, is produced by expofing
wine to a gentle heat, with the addition of fome
ferment : This is ufually the ley, or mother,
which has feparated from other vinegar during
fermentation, or fome fimilar matter. The fpi-
rituous part of the wine, which confifts of car-
bon and hydrogen, is oxygenated, and convert-
ed 1nto vinegar : This- operation can only take
place with free accefs of air, and is always at-
tended by a diminution of the air employéd, in
confequence of the ablorption of oxygen ; where-
fore it ought always to be carried on in veffels
only half filled with the vinous hquor fubmit-
ted to the acetous fermentation.

The acid formed during this procefs is very
volatile ; it is mixed with a large proportion of
water, 2nd with many foreign [ubftances, and
to- obtain it pure it muft be diftilled, in ftone or
g‘lafs veflels, by a gentle fire. The acid which
paﬁ'es over in diftillation is fomewhat changed
by the procels, and is not exadly of the fame

¢ naturg
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nature with what remains in the alembic, but
feems lefs oxygenated : This circumftance has
not been formerly obferved by chemifts.

" Diftillation is not fufficient for depriving this
acid of all its unneceffary water ; and, for this
purpofe, the beft way is by expofing it to a degree
of cold of from 19° to 23° of Fahrenheit ; By this
means the aqueous part becomes frozen, and
leaves the acid in a liquid ftate, and confidera-
bly concentrated. In the ufual temperature of
the air, this acid can only exift in the gafeous
form, and can only be retained by combination
" with a large proportion of water. There are

other chemical procefles for obtaining the ace-

tous acid, which confift in oxygenating the tar-

tarous, oxalic, or malic acids, by means of nitric

acid ; but there is reafonto believe the prepor-

“tions of the elements of the radical are changed
‘during this procefs. Mr Haffenfratz is at pre-
fent engaged in repeating the experiments by

which thefe converfions are faid to be produ-

ced. :

The combinations of acetous acid with the

" various falifiable bafes are very readily formed ;
but moft of the refulting neutral falts are not

cryftallizable, whereas thofe produced by the

tartarous and oxalic acids are, in general, hardly

foluble. Tartdrite and ‘oxalat of lime are not

foluble in any fenfible degree: The malats are

a2 medium between the oxalats and acetites,

Bb2 with
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with refped to folubility, and- the malic acid is

in the middle degree of faturation between the
oxalic and acetous acids. W ith this, as with all

.the acids, the metals require to beoxyd;ted pre-

vious to folution.

.The older chemifts knew hardly any of the
falts formed by the combinations of acetous acid
with the f{alifiable bafes, except the acetjtes of
potafh, foda, ammoniac, copper, and lead. Mr

Cadet difcovered the acetite of arfenic* ; Mr

Wenzel, 3nd the Dijon academicians, Mr de Laf-
fone and Mr Prouft, made us acquainted with
the properties of the other acetites. From the
property which acetite of potath poflefles, of gi-
ving out ammoniac in diftillation, there is fome
reafon to fuppofe, that befides carbon and hydro-
gen, the acetous radical contains a {mall prapor-

“tion of azot ; though it is not impofiible but the

above producion of ammoniac may be occafion-

-¢d by the decompofition of the potath,

TABLE

¥ Sqrans Etrangers, Vol. III
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TABLE of the Combinations of Acetic Acid with
the Salifiable Bafes, in the Order of Affinity.

Bafes.
Barytes
Potath
Sodar
Lime
Magnefia
Ammaniac
Oxyd of

zine °

. manganefe
iron

- lead

cobalt .

copper

nickel
arfenic

‘bifmuth
. Imercury .

antimony

filver

gold

platina
Argil

Neutral Salts,

Acetat of barytes,

Bb 3

potafh.
foda.

lime.
magnefia.
ammoniac.

zinc.
manganefe,
iron.

lead.

tin.
caobalt.
copper.
aickel.
arfenic.
‘bifmuth,
mercury. ,
antimony.
filver. e
gold. .. .,

t

- platina.

argil. -
SECTo

Note.—All thefe falts were unknown to the older che-
mifts; and even thofe, who are moft verfant in modern
difcoveries, are yet at a lofs whether the greater part of
the falts produced by the oxygenated acetic radical belong
properly to the clafs of acetites, or to that of acetats.—A.
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Sect. XXXIIL.—O0bfervations upon Acetic Acid,
-and its Combinations, ‘

We have given to radical vinegar the name of
acetic acid, from fuppofing that it confiftsof the
fame radical with that of the acetous. acid, but
more highly faturated with oxygen.- According
to this idea, acetic acid is the higheft degree of
oxygenation of which the hydro-carbonous.radi-
cal is fufceptible ; but although this circum-
ftance be extremely probable, it requires to be
confirmed by farther and more decifive experi-
ments, before it be adopted as an abfolute che-
mical truth. We procure this acid as follows :
Upon three parts acetite of potath or of copper,
pour one part of concentrated fulphuric .acid,.
and, by diftillation, a very highly concentrated
vinegar is obtained, which we call acetic.acid,

- formerly named radical vinegar. It is not hi-

therto rigoroufly proved that this acid:is more
highly oxygenated than the acetous acid, nor
that the difference between them may mot con-
fit in a different proportion between the ele-
ments of the radical or bafe. -y

TaBLE
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T ABLE of. the. Combinations of Succinic Acid. with.
the Salifiable Bafes, in the Order of Affimty.

Bafes.
Barytes' -
Lime .
Potath -.
Soda -
Ammoniaé -
Magnefia
Argil

. Oxyd of
zing -
iron
manganefé
cobalt
nickel
lead

. -tin

* copper

bifmuth
antimony
arfenic

mercury
filver

" gold

platina

[

. MNeutral Salts.:

Saceinal of

Bb4

barytes: .
lime.

. ..potafh,

foda,

ammoniac; .
- .magnefia;
argil..

Zinc,

iron. |-

. manganefe. -

cobalt. -
nickel. .« _
lead.
tin. - -
copper..
bifmuth: .
antimony:
arfenic:
mercury.
filver.
gold.
platina.

Sker.

Note.—All the fuccinats were unknown to the older .

chemifts,.—A.
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Szct. XXXIV. — Obfervations upori Succinic _
Aeid, and its Combinations.

The fuccinic acid is drawn from amber by
fublimation in a gentle heat, and rifes in a con-
crete form into the neck of the fubliming veflel.
The operation muft not be pufhed too far, or by
too ftrong a fire, otherwife the oil of the amber
rifes along with the acid. The fait is dried up-
on blotting paper, and purified by repeated fo-
lution and cryftallization.

The acid is foluble in twenty-four times its
weight of cold water, and in a much fmaller
quantity of hot water. It poflefles the qualities
of an acid in a very {mall degree, and only af-
fes the blue vegetable colours very flightly.
The affinities of. this acid, with the falifiable
bafes, are taken from Mr de Morveau, who is
the firft chemift that has endeavoured to afcer-
tain them.:

Sect.
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Sect. XX XV.—Obfervations upon Benzoic Acid,
_ and its Combinations with Salifiable Bafes*.

" - This acid was known to the ancient chemifts
under the name of the Flowers of Benjamin, ot
of Benzoin, and was procured by fublimation,
from the gum or refin called Benzoin: The
means of procuring it, vid bumidé, was difco-
vered by Mr Geoffroy, and perfe@ed by Mr
Scheele. Upon benzoin, reduced to powder,
pour ftrong lime-water, having rather an excefs
of lime; keep the mixture continually ftirring,

" and after balf an hours digeftion, pour off the:
liquor, and ufe frefh portions of lime-water in
the fame manner, fo long as there is any ap-
pearance of neutralizatien. - Join all the decant-
ed liquors, and evaporats as far as poffible, with-
out occafioning cryftallization, and, when the li-
quor is-cold, drop in murigtic acid till no more
precipitate is formed. By the former part of the
procefs a benzoat of lime is formed, and, by
the latter, the muriatic acid combines with the
lime, forming muriat of lime, which remains

: diffolved,

* Thefe combinations are called Benzoats of Lime, Pot-
ath, Zinc, &ec.; bat, as the order of affinity is unknawn,
-the alphabetical table is omitted, as unneceflary.—T.

s
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diffolved; while the benzoic acid, being info-
luble, precipitates in a concrete form.

Sect. XXXVI.—O0bfervations upon Campboric
Acid, and its Gombinations with Salifiable
- Bafes*. : o

-Camphor is a concrete effeiitial oil, obtained,
by fublimation, from a fpecies of laurus which
grows in China and Japan. By diftilling nitric
acid eight times from camphor, Mr Kofegarten
converted it into an acid analogous to the oxa-
lic ; but, as it differs from that acid in fome
circumftances, we have thought neceflary to give
it a particular name, till its nature be more com-«
pletely afcertained by farther experiment.

. As camphor is a carbono-hydrous or hydro-
carbonous radical, it is eafily conceived, that,
by oxygenation, it fhould form oxalic, malic,
and feveral other vegetable acids : -'This conjec-
ture is rendered not improbable by the experi-
ments of Mr Kofegarten; and the principal
phenomena- exhibited in the combinations of
campharic acid with the falifiable bafes, being

very

* Thefe combinations, which were all unknown to the
" old cemifts, are called Camphorats. The table is omit«
ted as being ouly in alphabetical order.—T.
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very fimilar to thofe of the oxalic and malic
acids, lead me to believe that it confifts of a mix-
ture of thefe two acids.” - e

~ Skcr. XXXVII.-—-Obfematiom upon Gallic Acid
" and its Combinations with Salifiable Bafes *.

The Gallic acid {, formerly called the Principle
of Aftringency, is obtained from gall. nuts, either
by infufion ‘or"deco®ion with water,-or by difu
tillation 'with a very gentle’heat. This acid
has only been attended to within thefe few
years. The committee of the Dijon Academy
have followed it through all its combinatidns,
and give the beft account of -it hitherto produ-
ced. Its acid properties are very weak ; it red-
dens the tinQnre of turnfol, decompofes ful-
phurets, and unites to all the metals, when they
have been previoufly dlﬁ'olved in, fome other

acid.

. Thefe combinations, which are called Gallats, were
all unknown to the older chemifts; and the order of their
affinity is not hitherto eftablithed —A '

1- ‘Till lately, the' galhc acid was confounded with the
tanin, or principle of aftringency, with which it is conta-
minated or mixed. Thefe can be feparated, and poflefs
very diftin& properties. For an account of tanin, and
the method of procuring pure gallic acid, fee Part I.
Chap. XI. § 1. 14. \



-

396 ELEMENTS

acid. = Iron, by this combination, is precipitated
of a very deep blue or violet colour. The radi-
cal of this acid, if it deferves the name of ‘one,
is hitherto entirely unknown; it is contained
in oak, willow, marfh iris, the ftrawberry, nym-
phea, Peruvian bark, the flowers and bark of
pomegranate, and in many .other woods and
barks.

N

Sect., XXXVIIIL — Obfervations . upon Ladic
' dcid, end its Combinations with Sali ﬁabfe
- Bafes %,

The only accurate knowledge we have of this
acid is from the works of Mr Scheele. 1t is
contained in whey, united to a fmall quantity
of earth, .and is obtained as folows : Reduce
whey to oneieighthpart of its bulk by evapo-
ration, and fltrate, to feparate all its cheefy
matter ; then-add as much lime as is neceffary
to combine with the acid ; the lime is afterwards
difengaged by the addition of oxalic acid, which
combines with lt into an infoluble neutral falt.
When the oxalat of- lime has been feparated by .
. decantation, evaporate the rematning liquer to
' the

* Thefe combinations are called ’La&at.s; they were alf
unknown to the older chemifts, and their affinities hava
not yet bgen afcertained.— A.
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the confiftence of honey ; the la&ic acid is dif-
folved by alcobol, which does not unite with
the fugar of milk and other foreign matters
thefe are feparated by filtration from the alco-
hol and acid ; and the alcohol being evapora-
ted or diftilled off, leaves the laic acid be-
hind. ' '
This acid unites with all the falifiable bafes,
forming falts which do not cryftallize ; and it
feems confiderably to refemble the acetous acid.

TasLt
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TaBLE of the Combinations of Saccho-laétic Acid
o with the Salifiable Bafes, in the Order of Affi-
nity. ' -

. . Dafes, Neutral Salts.

Lime - Saccholat of lime.
. Barytes : - barytes.

' Magnefia . magnefia.
Potath potath.
Soda foda.
Ammoniac ammoniac.
Argil argil. -
Oxyd of

" zinc zinc.

. .manganefe manganefe,
: iron - iron.

lead ‘lead.

tin tin.

cobalt cobalt.

- copper copper.

" nickel nickel,
arfenic arfenic.
bifmuth bifmuth.

" mercury mercury.
antimony antimony.
filver filver.

. . SECT,

Note.~~All thefe were unknown to the older chemifts,

,"",A'
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SecT. XXXIX —-Obfervations upon Saccbo lactig.
cid, and its Combinatiuns.

A fpecies of fugar may be extracted, by eva.
poration, from whey ; this {ubftance has long
been known in pharmacy, and has a confider-
able refemblance to that procured from the
fugar.cane. This faccharine matter, like or-
dinary fugar, may be oxygenated by means of
nitric acid : For this purpofe, feveral portions of
nitric acid are diftilled from it ; the remaining
liquid is evaporated, and fet to cryftallize, by
which means cryftals of oxalic acid are 'procu-
red ; at the fame time, a very fine white pow-
der precipitates, which is the faccho-ladic acid
difcovered by Scheele. 1t is fulceptible of com-
bining with all the alkalies, with the earths,
and even with the metals: Its adtion upon the
latter is hitherto bur little known, except that,
with them, 1t forms difficultly foluble f{alts,
‘The order of affinity in tne table 1s taken from
Bergman. \ '

TaABLE
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TABLE of the Combinations of Formic Acid, with
the Salifiable Bafes, in the Order of Affinity.

Bafes. Neutral Salts.
Barytes Formiat of barytes.
Potath . potafh.
Soda ~ foda.
Lime lime. _
Magnefia ' ~° magnefia.
Ammoniac ' ammoniac.
Oxyd of '

zine ~ zinc.

manganefé manganefe.

iron iron.

lead Y - lead.

tin ' tin.

cobalt cobalt.

" copper , copper.
nickel ‘ nickel.
bifmuth bifmuth.
filver filver.

Argil ' argil.

SecT.

Note~—All unknown to the older chemifts.—A.
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Sect. XL.—Qbfervations upon Formic Acid, and
its Combinations.

This acid was firft obtained by diftiHation
from ants, in the laft century, by Samuel Fifher.
The fubje& was treated of by Margraffin 1749,
and by Meflrs Ardwiffan and Ochrn of Leipfic
in 1777. The formic acid is extrated from a
large fpecies of red ants, formica rufa, Lin.
which form large ant hills in woody places. It
is procured, either by diftilling the ants with a
gentle heat in a glafs retort or an alembic; or,
after having wafhed the ants in cold water, and
dried them upon 2 cloth, by pouring on boiling
water, which diffolves the acid ; or the acid may -
be procured by gentle expreffion from the in-
feéts, in which cafe it is ftronger than in any
of the former ways. To obtain it pure, we mufi
rectify, by means of diftillation, which feparates
it from the uncombined oily and charry matter ;
and it may be concentrated by freezing, in the
manner recommended for treating the acetous
acid, ‘

Vor. 1. Cec , SkcT.



402 ELEMENTS

Secr XLI. —Obfervations upen Bombic. Acid,
" and its G'ombmatzon.r fwgtbAadg/iable ‘Bafes *.

The juices of the filk-worm feem to affume an
acid quality when that infect changes from the
lgrva to the chryfahs ftate. At the moment of
ifs cfcape from the latter to the butterfly form,
i F,n‘u.tits‘a reddifh liquor, which reddens blue pa-
_per, and which was firft attentively oblerved by
Mr Chauﬁier of the Dijon Academy: He ob-
tclmed the acid by infufing filk- worm chryfalids
jn alcobol, which Jdiffolves their acid without
bp;ng charged with any of the gummy parts
of the infect ; and, by evaporating the alcohol,
the acid remains tolerably pure. The proper-
ties and affinities of this,acid are not hitherto
afcertamed wnh any prec:ﬁon and we -have
r;afon ta. beheve, that analogous acids may be
procured from other infeéts. The radical of thig
geid is probably, lxke that of the other acids
from the animal: kmgdom,L compofed of carbon,
hydrogen, and azot, with the addition, perhaps,
of phofphorus,. -

' L4
TABLE
* Thefe combinations, najned Bombats, wex§unknpwn

to the old chemifts ; and the affinities of the fulifiable bafes
with the bombic acid are hitherto undetermined.—A,
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TABLE of the Combiriatiém of the-Sebacic Acid
with the Salificble Bafes, in the Order of Affi-

nity. LT e T e 7

Bafes. .. .. Nestral Salts.
Barytes :".. . - Sebat.of barytes.. . ... .
Potath O :pot_a(h.l, d e
Soda T o foda Lo el
Lime . o i dlimen.. e e L
Magneﬁa ._.magneﬁa; R
Ammoniac o ammoniac,
Argil; . ' argil. : ;
Oxyd of - : Lo S

zinc S gine. v oo s

manganefe ‘ _'manganefe“: AR

iron. ) W e, edron, [ v ciad .

legd o oa 2T lleads v G s

tin tin. o

cobalt cobalt.

00ppei‘ copper.

nickel nickel.

arfenic ' ' arfenic,

bifmuth bifmuth.

mercury © Imercury.

antimony antimony,

filver filver.

Ceca2i - Secrt.

Note.—~All thefe were unknown to the old chemifts,.—A.,
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Sncr. XLIL.—Obfervations upon Sebacic Acid,
and its Cmblm:ou.

To obtain the febacic acid, let fome fuet he
melted ina Iklllet over the ﬁre, along with fome
qulck lime in fine powde;, and conftantly fir.
red, ranﬁng the five towards the end of the ope-
rauon, and takmg care to ayoid the vapours,
which are very a&nﬁve. By this procefs the
febacic acld unites with the lime into a febat oﬁ
lime, which is dlmcultly foluble in water ; it is,
however, fepaxated from the fatty matters. thh
which it is mxxed by folution in a large quantity
of boxlmg water. From this the neutral falt is
feparated by evaporatxon and to render it pure,
is calcined, re-ddl’olved and agam cryﬂalh:ed
After thls we pour ona proper quantity of fal-

huric acid, and ;be fcbacnc acld paﬂ"es over by
dlﬁxllatlon.

Recr.
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4 .

Sect. XLIIL—0bfervations upon the Lithic Acid,
and its Combinations witb the Salifiable Bafes *.

From the later experiments of Bergmaa and
Scheele, the uainary calculus appéars to be a fpe-
cies of falt with an earthy bafis; it is flighdy
acidulous, and requires a large quantity of wa- -
ter for folution, three grains being fcarcely fo-
luble in a thoufand parts of boiling water, .axl
the greater part again cryftallizes when cold.
To this concrete acid, which Mr De Morvean
calls the Lithiafic, we give the name of Lithic
Acid, the nature.and properties of which are hi-
therto very little known. There is fome ap-
pearance that it is an acidulous neutral elt, or
acid combined in excefs with a falifiable bafe ;
and I bave reafon to believe that it really & an
acidulous phofphat of limej; if fo, it mufk be
excluded from the clafs of peculiar acids.

Ccy TanLe .

* All the combiantions of this acid, fhould it fisally
turn out to be one, were unknown to the older chemitls,
and its affinities with the falifiable bafes have aat beem
hitherto determined.—~A.
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n _I

fI‘Aan qf tbe Combmat:om of the, Pruffic Acid
with the- S.li ﬁable Baﬁ:, in tbe Ord’er of Aﬁi
mty L

1. Bafee. -3 N0 1T LiNeutval Salts -
- Potath Pruﬂ‘ at of pota[h ‘
Soda, : - foday °
Ammomac ‘ammoniac .
Lime- .~ - =~ . lime.
Barytes: - . .. .. .. .barytes.
Magnefia~ -~ ° ' magnefia.
Oxyd of ' ’
© zinc o : zinc.
iron ' iron. -
- manganefe ‘ manganéfe. -
“-cobalt . .. ... - cobalt.- ,
: mckel el "nic_k"eliv; ST
lead. <1 - - lead. : -1 s
Ctin..e 3 o “tin. e g
copper... .. ... copper. -
bifmuth ~ bifmuth.
- -antimony " antimony.
arfenic ' arfenic.
filver . 7 2 T filver. " ’
mercury o ' ‘mercury, '’ v
gold - gold. -
platina o " platina,

SkcT.

¢ All thefe were unknown to former chemifts,meA .
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t

Sect. XLIV.—Obfervations .upon: the Pruffic
~Acid, and its Combinations.

. As the experiments which have been made
hitherto upon this acid feem ftill to leave a con-
fiderable degree of uncertainty with regard‘ to
its nature, I thall not enlarge upon its properties,
anid the means of procuring it pure-and difen-
gagéd from combination. It combines with iron,
to which it communicates a blye colour; and is
equally fulceptible of entéring into combination
with - mofy of the other:metals, which are pres
cipitated from it by the fixed alkalies, ammoniac, -
and lime, in confequence;of greater affinity.. The
pruffic radieal,; from the experiments of Scheele;
and efpecially fromi; thofe of Berthollet, feems
compofed.oficarbon and azot; henge it isan dcid
with a double bafe. The phofphorus;, which has
been found combined with it, appears, frqm.the -
,expenments of Mr Haflenfratz, to be only accu
dental. -

Although ‘this acid combmes w1th alkalles,
earths, anfl metals, in the: fame way with  other -
acids, it; poffefles .only fome of the properties we
have been- in ufe to attribute to acids, and it
may confequently be improperly ranked here
1n the clafs of acids ; ‘but, as I have already ob-
' ferved, it s difficult to form a decided opinion
Ccg " upon
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upon the nature of this fubftance, until the fub-
je& has been farther elucidated by a greater num-
ber of experiments. '

Suct. XLV.—Obferuations on Chromic Acid, and
its Combinations with the Salifiable Bafes.

¢¢ Chromum ¥ is a peculiar metal, which has
lately been difcovered in the ftate of an acid,
combined with lead, and with iron. It like-
wife is found in the ftate of an oxyd, in the
emerald, which owes its colour to the prefence
of this metal. The name which Vauquelin,
its difcoverer, has chofen to diftinguifh it by,
may be tranflated the Colouring Metal, from its
remarkable property of communicating fplendid
colours to all or moft of the compounds into
which it enters, either in the acid, oxyd, or me-

tallic fates.
¢ The chromic acid is of a fine ruby red ce-
lour, and fhoots into prifmatic cryftals, which
are foluble in water. It combines with all the
alkalies, forming cryftallizable falts of a fine
golden yelow colour ; and unites with lead and
iron ; with the former, into beautiful ruby
red cryflals, It is decompofible by means of
: ’ the

.* This Se&tion is added to the prefent edition by the
Franflator.—T.
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the blowpipe, along with phofphoric acid, or
borat of foda, into a green oxyd, which fufes
with either of thefe fiibflances into emeraldine
vitreous globules. Itis decompofed into a green
oxyd by muriatic acid, which it oxygenates ;
and likewife by means of the blowpipe, in con-
_ ta& with charcoal ; and is reducible to the me-

tallic ftate, by bedding it in charcoal-powder,
and making it undergo a firong heat.

¢ The order of its affinities are not yet af-
certained ; but its combinations with fulifiable
bafes, may be denominated as follows :

Bafes. Neutral Salts.
Potafh Chromat of potafh.
Soda et . — fOd .
Ammoniac -— ammoniac,
Lead —— lead ¥,
Iron, &c. iron, &c.

¢ Qnly thefe mentioned above are hitherto
known. The circumftances, as yet publifhed,
refpecting its ftate of oxyd, and its reguline or
metallic flate, are eaumerated in Part I, Chap.

XVI Se& VI.”
Secr.

® « This fubflance has long been known, under the
name of Red lead ore of Siberia. Itis extremely beautiful ;
of a brilliant red calour, and in {mall cryftals on the fur-
face of thin cakes, of what may be termed amorphous
chromat of Jead.”—T.
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- Sect. XLVIL.—Obfervations on. Zoonic Acid*.

¢ Berthollet, in analyzing animal fubftances
"by deftructive diftillation, has lately difcovered
a peculiar acid, to which he gives the riame of
Zoonic, In the fluid, which diftils during the
above procefs, it is found combined with am- .
monia, from which it is detached by adding
lime. From this combination, it i§ feparated
by phofphoric acid, which uiites with the limé,
and the zoonic acid comes over in diftillation.
This acid may likewife be obtained by a fimilar
* procefs, from the gluten of wheat, and the yeaft
of beer, It has a peculiar fmell 'and ftyptic
tafte ; reddens blue vegetable colours§ caufes
effervefcence wnth alkaline carbonats, and con-
fequently has greater affinity with the alkalies
than the carbonic acid. -Its combinations may
be named as under

'Bafu.‘ coe T Neutral Salt:
- Potafh' -- - - "Loonat’ of Potath.
Soda Soda.” _
- Ammonia, &c. e——w— Ammonia, &c.”?

: L]
. . Qxcr
» 'l‘he whole of this Se&:on is added by the Tranﬁatot
to the pxefem edmon.-—T.

'
re
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Sect. XLVIL.—Obfervations on Suberic Acid *,

¢ This.acid is procured from cork, -by means
of diftilling nitric acid from that fubftance, and
probably -might be obtained by a fimilar pro-
cefs from other vegetable matters. The refi-
duum,_after the diftillation,. and confequent de-~
" .compofition of the nitric acid, is expofed'to mo-
derate heat, until pungent fuffocating vapours
begin to arife. Twice its weight of water is
then added to the refiduum, and the heat con-
tinued ; and, when cold, the folution of fube-
ric acid .is feparated from'the infoluble refiduum
by.filtration: - It ‘may then be obtained folid,
by. evaporation ; is volatile,- or capable of being
fublimed, by.heat ; has a bitter acrid tafte; is
foluble in water, and combines with the alka-
lies, earthé, and fome of the metals. Its order
of affinities are not yet afcertained ; but its com-
binations, with the fahﬁable bafes, may be ga-
med Sulrerat: i Ca '
el ' Sger:

-

i

* This Seion is added to thc prefent edition by the
Tranflatog=T,
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Sect. XLVII.—Recapizulation of the foregoing
Obfervations on the Acids, and their Gombina-
tions *.

« It was thought, that it might be conducive
to the convenience and information of the read-
er, to fubjoin the two following tables. The
firft, which is only a recapitulation of what is
contained in the foregoing feitions, gives a ge~
neral view of the order of affinities, of the fa-
lifiable bafes with the feveral acids, fo far as is
hitherto known. Such acids as have a fimilar
order of affinity with thefe bafes, are placed ve-
gether, at the head of the fame column, and
thofe of which the order of affinity, between
them and the bafes, have not been hitherto afcer-
tained, are omitted. _ '

“ The fecond table contains a fpecimen of a
geaeral view of the new chemical nomenclature,
~ as applied to the neutral falts, both in Latin

and Englith. The firft column contains the
names of the feveral acids ; the fecond is a lift of
the Latin terms for the neutral falts which thefe
produce by union with the falifiable bafes, as pro-
pofed in the new French chemical nomenclature;

the

* The whole of this fe&tion was added to the fecond
edition by the Tranflator.—T,
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the third is a fyftematic tranflation of thefe terms
into Englifh, on exaly analogous principles:
The fourth contains another fyftem of Latin no-
menclature, founded on that of the French che-
mifts, but following rather the plan of Bergman,
as already noticed in fome notes ; the fifth and
laft column is an analogous Englifh tranflation of
thefe terms.

¢ In the former of thefe tables, the momen-
clature yecommended hy Dr Black, as already.
mentioned in fome former notes, is adopted for
the alkaline and earthy falifiable bafes ; in the
latter, the nomenclature ufed by the French
chemifts for thefe fubflances, is retained in-the
fecond and third feétions, but the prapofed al-
teration is introduced in the. fourth and fifth,
together with a fimilar alteration, likewife for-
merly mentiened in- fome notes, for giving
names to the metllic oxyds, to diftinguifk
thefe from the regulipe or perfactly fimple
ftate, analogous ta alkalies. Te tranflate this:
laft idea of nomenclature inte Englifh, required
~ fuch a violent change, that the ufual names of
. the metals in Englifh are retained ; that, how-
ever, can induce no ambiguity, as it muft be
generally underftood that no metal can enter
into combination with an acid, unlefs it be pre-
vioufly oxydated.”

TABLE
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e .

TABLE ofF THE ACIDS IN' THE ORDER 0F

ArFINITY.
I II. I “IV.
Nitrous, Nitric,| . :
Sulphurous, |Acetous, Age- |. - * | Nitro-muriatic
Sulphuric, Mu-| tic, 4nd For- | Boracic Acid. Acid.
riatic, and Se mic Acids, ‘ co
bacic Acid. P i
Baryta, Baryta. [Calca. Arga.
Lixa. Lixa. - |Baryta... Ammona.
Trona, Trona. Magnefia. Oxyds of
Calca. Calca. °  |Lixa. Antimony,
Tagnefia, Magnefia. Trona. Silver.
Ammona, Ammona. Ammona. Arfenic.
Arga. Oxyds of Oxyds of - Baryta.
Cxyds-of- Zinc. | Zinc., Oxyd of
Zine. Munganefe. Iron. Bifmuth,
Iron. Jron. Lead. Calca.
Manganefe. Lead. Tin. Oxyds of
Cobalt. Tin. Cobalt. Cobalt.
Nickel. " Gobalt, Copper. Copper.
Lead. Copper.. Nickel. , Tin.
Tin. Nickel. " "Mercury. Iron.
Copper. - Arfenic. - ‘|Arga.’+ - |Magnefia.
Bifmuth, Bifmuth.. _§.. - . Oxyds of
Antimony.” | Mercury, | .- ..} Manganefe.
Arfenic. Antimony. " | Mercury.
Mercury., - | Silver. Molybdena.
Silver. Gold. ..| . Nickel.
Gold. Platina. Gold.
Platina, [Arga. "Platina.
o e " Lead.
Lixa. ’,
" |Trona.
Oxyds of
] Tungftein.
Zinc.
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V. VI VIL
Phofphorous, Phof-
phoric, Tungftic, - .
Tartarous, Oxalic, Carbonic Acid. Murioxic Acid.
and Saccho-la&m
Acids.
Calca. . . Baryta. - Barytg,
Baryta, . Calca. Lixa,
Magnefia. - - |- Lixa. Trona.
Lixa. Trona. Calca.
Trona. - Magnefia.’ ‘Magnefia.
Ammona. ~Ammona. Arga.
Arga. ¢ Arga. . e
Oxyds as in Col. I. Oxyds asin Col.I. | Oxydsasin Col. L.
—————— B &> o oo m = =
VIIIL. IX, X. -
Fluoric and Arfeniac Citric Acid. . - Pyro-lignous Acid,
- Acids.
Calca. Baryta. Calca,
Baryta, Calca. Baryta,
Magnefia. Magnefia. Lixa,
Lixa. ' Lixa. " “Trona. .
Trona. Trona. Magnefia.
Ammona. - :Ammona, - - ."Allnmona..
Oxyds as in Gol. II Oxyds as in Col. II Oxyds as in Col. II.
Arga. S ~omitting Tin,Nickel, | Arga.
and Bifmuth, o
Arga. e
XI. ©o XIL XIH.
Pyro-mucous Acid. . Succinic Acid. * Pruffic Acid.
! lea. . : Baryta, Lixa.
Trona. Calca, " Trona,
Baryta, ‘Lixa. Ammona.
Calca. .o .:Trona, « 1 -Calca.
Magnefia. Ammona, Baryta.
Ammona. ., .} - Magnefia. . ‘Magnefia. . ..
Arga Arga. Oxyds as in Col. I.
Oxydsasin Col TI.| Oxydsasin Col. 1., | placing Silver before
omutmuS:lver,(rold - Mercury.
and Platina. . ,
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- TABLE or THE NONENCLATURE
' Lavoifier. -
Aads, ; , '
: Latin. Englifh.
[Sulphurous,, | Sulphis potafle Sulphite of potath
fodan of foda’
, | ~—~~——-ammoniee et Of ammoniw{
-Sulphuric. | Sulphas calcis 'Sulphat of lime
|~ magnefi® [~ of magnefin
. }——— barym -—-—-—- of Barytes
—— Q.fgiﬂﬁ e of argil
~ {Phofphorous. | Phofphis potafle Phofiwhite ‘oi: potath
dl’hofphoric. Phofplias fodze Phofphat of foda
Nitrous. Nitris ammonia Nitrite of ammeniae
Nitric. = | Nitras argenti Nit#at of filver
xygenated - auri ox’ygcxiata Oxygenated nitrat of
Nitric. |
Muriatic, Murias mereurii 'Mm'-iat'of mercury
xygenated |—— potafle oxygemata| Oxygenated muriat off
Muriatic, ‘ potath '
Boracic. . |Boras fodee Borat of foda
Acctous, | Acetis ammonie Acetite of ammoniac
Aceﬂc, &e. ' Acftas cupri, &c. Acc‘u;t of copper, &c.
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Propofed Alteration.

Latin,

Englifh,

Lixa fulphurofa
Trona fulphurofa
Ammona fulphurofa
Calca fulphurica
Magnefia fulphurics
Baryta fulphurica
Arga fulphurica
Lixa phofphorofa
Trona phofphorica
Ammona nitrofa
Argenta nitrica

Aura nitroxica

Mercuria muriatica

Lixa murioxica

Trona boracica
Ammona acetofa

Cupra acetica, &c.

Sulphurous lixa

trona
ammona
Sulphuric calca
~———— magnefia

baryta

arga

.

Phofphorous lixa
Phof;:hofic trona
Nitrous ammona
Nitric filver

Nitroxic gold

Muriatic Mercury

Murioxic lixa

Boracic trona

Acetous ammona

Accetic copper, &c.
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