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ADVERTISEMENT

OF THE

T OROACN S CANCT O 8

e S e

TH I very high charafter of Mr Lavoifier
as a chemical philofopher, and the great
revolution which, in the opinion of many ex-
cellent chemifts, he has effeted in the theory of
chemiftry, has long made it much defired to
have a conneéted account of his difcoveries, and
of the new theory he has founded upon the mo-
dern experiments written by himfelf. This is
now accomplifhed by the publication of his
Elements of Chemiftry; therefore no excufe
can be at all neceflary for giving the following
work to the public in an Englith drefs ; and the
only hefitation of the Tranflator is with regard
to his own abilities for the talk. He is moft
ready to confefs, that his knowledge of the
compofition of language fit for publication is far

inferior
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| inferior to his attachment to the fubje&, and to
& his defire of appearing decently before the judg.
ment of the world.

He has earnefltly endeavoured to give the
i meaning of the Author with the moft fcrupu-
lous fidelity, having paid infinitely greater at-
tention to accuracy of tranflation than to ele-

gance of ftile. Thi. lait indeed, had he even,
by proper labour, been capable of attaining, he
has been obliged, for very obvious reafons, to
| neglect, far more than accorded with his wifhes,
The French copy did not reach his hands be-
fore the middle of September ; and it was judg-
ed neceflary by the Publither that the Tranfla-
tion fhould be ready by the commencement of
the Univerfity Seffion at the end of O&ober,

= -
»

He at firft intended to have changed all the
weights and meafures ufed by Mr Lavoifier into
their correfpondent Englith denominations, but,
upon trial, the talk was found infinitely too
great for the time allowed ; and to have execu.
ted this part of the work inaccurately, mult have
been both ufelefs and mifleading to the reader.
All that has been attempted in this way is ad-

ding, between brackets ( ), the degrees of Fa-
hrenheit’s

-
ol o
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ADVERTISEMENT. vii

tirenheit’s feale correfponding with thofe of
Reaumeur’s thermometer, which is ufed by the
Author. Rules are added, however, in the
Appendix, for converting the French weights
and meafures into Englifh, by which means the
reader may at any time calculate fuch quantities
as occur, when defirous of comparing Mr La-
voifier’s experiments with thofe of Britifh au-

thors.

By an overfight, the firft part of the tranfla-
tion went to prefs without any diftinétion being
preferved between charcoal and its fimple ele-
mentary part, which enters into chemical com-
binations, efpecially with oxygen or the acidi-
fying principle, forming carbonic acid. This
pure element, which exilts in great plenty in
well made charcoal, is named by Mr Lavoifier
carbone, and ought to have been fo in the tran-

~ {lation ; but the attentive reader can very eafily

reftify the miftake. There is an error in Plate
X1 which the engraver copied ftriétly from the
original, and which was not difcovered until the
plate was worked off at prefs, when that part of
the Elements which treats of the apparatus there
reprelented came to be tranflated. The two
tubes 21. and 24. by which the gas is conveyed

inte
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into the bottles of alkaline folution 22. 254
fhould have been made to dip into the liquor,
while the other tubes 23. and 26. which carry
off the gas, ought to have been cut off fome
way above the furface of the liquor in the bot-
tles,

A few explanatory notes are added ; and in-
deed, from the perfpicuity of the Author, very
few were found neceffary. In a very fmall
number of places, the liberty has been taken of
throwing to the bottom of the page, in notes,
fome parenthetical expreffions, only relative to
the fubjeé, which, in their original place, tend-
ed to confufe the fenfe. Thefe, and the ori-
ginal notes of the Author, are diltinguifhed by
the letter A, and to the few which the Tranfila-
tor has ventured to add, the letter E is fub-

joined.

Mr Lavoifier has added, in an Appendix, fe-
veral very ufeful Tables for facilitating the cal-
culations now neceflary in the advanced ftate of
modern chemiftry, wherein the moft fcrupulous
accuracy is required. It is proper to give fome
account of thefe, and of the reafons for omit«
ting feveral of them,

No.
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No. I of the French Appendix is a Table for
converting ounces, gros,and grains, into the deci-
mal fraétions of the French pound; and Ne.1l. for
reducing thefe decimal fraétions again into the
vulgar fubdivifions. No. I1I. contains the num-
ber of French cubical inches and decimals which
correfpond to a determinate weight of water.

The Tranflator would moft readily have con-
verted thefe Tables into Englifh weights and
meafures ; but the neceffary calculations muft -
have. occupied a great deal more time than could
have been fpared in the period limited for pu-
blication. They are therefore omitted, as alto-
gether ufelefs, in their prefent ftate, to the Bri-
tith chemift.

No. IV. is a Table for converting lines or
twelfth parts of the inch, and twelfth parts of
lines, into decimal fra&tions, chiefly for the pur-
pofe of making the neceflary corrections upon
the quantities of gaffes according to their baro- .
metrical preflure. This can hardly be at all
ufeful or neceffary, as the barometers ufed in
Britain are graduated in decimal fractions of the
inch, but, being referred to by the Author in

b the
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No. VI, Is a Table of the weights of a cubi-
cal foot and inch, French meafure, of the dif-
ferent gafles exprefled in French ounces, gros,
grains, and decimals. This, which forms No. VL
of the Englifh Appendix, has been, with confi-
derable labour, calculated into Englith weight
and mealure. .

No, VIIL Gives the fpecific gravities of a
great number of bodies, with columns, con-
taining. the weights of a cubical foot and inch,
French meafure, of all the fubftances. The fpe-
cific: gravities of this Table, which is No. VIIL.
of the Englith Appendix, are retained, but the
additional columns, as ufelefs to the Britith phi-
lofopher, are omitted ; and to have converted
thefe into Englifh denominations mult have re-
quired very long and painful calculations.

Rules are fubjoined, in the Appendix to this
tranflation, for converting all the weights and:
mealures ufed by Mr Lavoifier into correipon-’
ding Englith denominations ; and the Tranflator
is proud to acknowledge his obligation to the
learnied Profeffor of Natural Philofophy in the
Univerfity of Edinburgh, who kindly fupplied
him with the neceffary information for this pur-
pofe. A Table is likewife added, No. IV. of

the
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the Englith Appendix, for converting the de.
grees of Reaumeur’s fcale ufed by Mr Lavoifier
.into the correfponding degrees of Fahrenheit,
which is univerfally employed in Britain *.

This Tranflation is fent into the world with
I the utmoft diffidence, tempered, however, with
{ this confolation, tﬁat, though it muft fall greatly
fhort of the elegance, or even propriety of lan.
guage, which every writer ought to endeavour to
| : attain, it cannot fail of advancing the interefts of
il true chemical fcience, by diffeminating the accus-
I rate mode of analyfis adopred by its juftly celebra-
ted Author. Should the public call for a fecond
edition, every care fhall be taken to corre& the
3 I' I forced imperfetions of the prefent tranflation,
l

| and to improve the work by valuable additional
|Ii matter from other authors of reputation in the
H| ' feveral fubjeéts treated of.

|| EDINBURGH, }
‘| O&. 23. 1789.

* The Tranflator has fince been enabled, by the kind

| ~aflilance of the gentleman above alluded to, to give
il Tables, of the fame nature with thofe of Mr Lavoifier,

i for facilitating the calculations of the refults of chemi-
ill'.’ cal experiments.

i
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HEN I began the following Work, my
only object 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 neceflity of re.
forming and completing the Nomenclature of
Chemiftry. While engaged in this employment,
I perceived, better than I had ever done before,
the juftice of the following maxims 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,
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¢ thods.—Algebra, which is adapted to its pur-

¢ pole in every fpecies of expreflion, in‘the
&

moft fimple, moft exaét, and belt manner
4

L]

poffible, is at the fame time a language and
¢ an analytical method.—The art of reafloning
¢ is nothing more than a language well aran-
£c gﬂd-”

Thus, while I thought mylfelf employed only
in forming a Nomenclature, and while I propo-
{ed to mylelf nothing more than to improve the
chemical language, my work transformed itfelf
by degrees, without my being able to prevent
jt, into a treatife ‘upon the Elements of Che-

miftry.

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
faéts which are the objedts of the fcience, the
ideas which reprefent thefe faéls, and the words
by which thefe ideas are exprefled. Like three
impreflions of the fame feal, the word ought to
produce the idea, and the idea to be a pitture of
the fact. And, as ideas are preferved and com-

municated by means of words, it neceflarily fol,
| ' e lows
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lows that we cannot improve the language of
any {cience without at the fame time improving
the Icience itfelfl; neither can we, on the other
hand, improve a fcience, without improving the
language or nomenclature which belongs to it.
However certain the: facts of any -{cience may
be, and, however jult the ideasiwe may bave
formed of thefe facts, we can only cominunicate
falle impreflions to others, while we want words
by which thefe may be properly expreiled.

To thofe who will confider it wirh attention,:
the firft part of this treatife will afford frequent
proofs of the truth of the above obfervations.
But as, in the conduét of my work, I have been
obliged to obferve an order of arrangement ef-
fentially differing from what has been adopted
in any other chemical work yet publifhed, it is
proper that I fhould explain the motives which
have led me to do fo. '

It is‘a maxim univerfally admitted in geome-
try, and indeed in every branch of knowledge,
that, in the progrefs of inveftigation, we fhould
proceed from known fats to what is unknown.
In early infancy, our ideas fpring from our
wants ; the fenfation of want excites the idea of

the
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the obje@ by which it is to be gratified. In
this manner, from a feries of fenfations, obfer.
vations, and analyfes, a fucceflive train of ideas
ariles, fo linked together, that an attentive ob«
ferver may trace back to a certain point the

order and cornetion of the whole fum of hu-
man knowledge.

‘When we begin the ftudy of any fcience, we
are in a fituation, refpeting that {cience, fimi-
lar to that of 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 effect produced

by a fenfation; and, in the fame manner, in

commencing the ftudy of a phyfical fcience, we
ought to form no idea but what is a neceflary
confequence, and immediate effett, of an expe-
riment or obfervation. Befides, he that enters
upon the career of fcience, is in a lefs advanta-
geous fituation than a child who is acquiring
his firft ideas. To the child, Nature gives va-
rious means of reftifying any miftakes he may
commit refpeting the falutary or hurtful quali-
ties of the obje@s which furround him. On e-

very occafion his judgments are corrected by
experience ; want and pain are the neceflary
1 con-
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confequences arifing from falfe judgment ; gra-
ification and pleafure are produced by judging
. aright, Under {uch mafters, we cannot fail to
become well informed ; and we {oon learn to
reafon juftly, when want and pain are the ne-
ceffary confequences of a contrary conduct.

In the ftudy and prattice of the fciences it 18
quite different ; the falle judgments we form
neither affect our exiftence nor our welfare ; and
we are not forced by any phyfical neceflity to
corre@t them. Imagination, on the contrary,
* 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 immediately derived
from faés ; fo that we become in fome meafure
interefted in deceiving ourfelves. Hence 1t 1s
by no means to be wondered, that, in the fcience
of phyfics in general, men have often made fup-
pofitions, inftead of forming conclufions. Thefe
fuppofitions, handed down from one age to an-
other, acquire additional weight from the autho-
rities by which they are fupported, till at laft
they are received, even by men of genius, as
fundamental truths.

¢ The
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ftudy of chemiftry thoroughly to underftand
¢hem. Hence I have been obliged to depart
from the ufual order of courles of leGtures and
of treatifes upon chemiltry, which always af-
{ume the firft principles of the fcience, as known,
when the pupil or the reader fhould never be
fuppoled to know them till they have been ex-
plained in fubfequent leflons. In almolt every |
inftance, thefe begin by treating of the elements

of matter, and by explaining the table of affini-
ties, without confidering, that, in fo doing, they
muft bring the principal phenomena of chemiftry
into view at the very outfet : They make ufe of
terms which have not been defined, and {uppole
the [cience to be underftood by the very perfons
they are only_ beginning to teach. It ought
likewile to be confidered, that very little of che-
miftry can be learned in a firlt courfe, which is
hardly fufficient to make the language of the
fcience familiar to the ears, or the apparatus
familiar to the eyes. It is almoft impofiible to

become a chemift in lefs than three or four years
of conftant application.

- Thefle inconveniencies are occafioned not fo
much by the nature of the fubje, as by the
method of teaching it ; and, to avoid them, I

was
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‘was chiefly induced to adopt a new arrangement

of chemiftry, which appeared to me more con.
fonant to the order of Nature., T acknowledge,
however, that in thus endeavouring to avoid
difficulties of one kind, I have found myfelf in-
volved in others of a different fpecies, fome of
which T have not been able to remove ; but I
am perfuaded, that fuch as remain do not arife
from the nature of the order I have adopted,
but are rather confequences of the imperfection
under which chemiftry ftill labours. This fcience
ftill has many chafms, which interrupt the feries
of falls, and often render it extremely difficult
to reconcile them 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 connefted together : Its attual ‘pro-
grefs, however, is {o rapid, and the fa&ts, under
the modern doétrine, have aflumed fo happy an
arrangement, that we have ground to hope, even
in our own times, to fee it approach near to the
higheft ftate of perfetion 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

fupplying




fupplying the abfence of fa&s, has prevented
me from comprehending in this work the branch
of chemiftry which treats of affinities, althougli:
it is perhaps the beft calculated of any partof
chemiftry for being reduced into a completely
fyftematic body. Meflrs Geoffroy, Gellert, Berg-
man, Scheele, De Morveau, Kirwan, and many
others, have collected anumber of particular
fa&ts upon this fubjedt, which only wait for a
proper arrangement ; but the principal data are
{till wanting, or, at leaft, thofe we have are either
not fufficiently defined, or not fufficiently pro-
ved, to become the foundation upon which to
build fo very important a branch of chemiftry,
This fcience of affinities, or eletive attradlions,
holds the fame place with regard to the other
branches of chemiftry, as the higher or tranfcen-
dental geometry does with refpect to the fimpler
and elementary part; and I thought it improper
to involve thofe fimple and plain elements, which
1 flatter myfelf the greateft part of my readers
will eafily underftand, in the oblcurities and
difficulties which ftill attend that other very ufe-
ful and neceffary branch of chemical fcience.

Perhaps a fentiment of felf-love may, without
my perceiving it, have given additional force to
thefe
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| thefe refletions.* Mr de Morveau is at prefent
| engaged in publithing the article Affinity in the
Methodical Encyclopadia ; and 1 had more rea-
fons than one to decline entering upon a work
in which he is employed.

| It will, no doubt, be a matter of furprife, that
l 1 in a treatife upon the elements of chemiftry,
| l there fhould be no chapter on the conftituent
l | and elementary parts of matter ; but I fhall take
| occafion, in this place, to remark, that the fond-
1 nefs for reducing all the bodies in nature to
three or four elements, proceeds from a preju-
dice which has defcended to us from the Greek
Philofophers. The notion of four elements,
which, by the variety of their proportions, com.-
pole all the known fubftances in nature, is a
mere hypothefis, affumed long before the firit

principles of experimental philofophy or of che-
miftry had any exiftence. In thofe days, without
poflefling fa&ts, they framed fyltems ; while we,
who have colletted fats, feem determined to re-
ject them, when they do not agree with our
prejudices. The authority of thefe fathers of hu-
man philofophy {till carry great weight, and
there is reafon to fear that it will even bear hard

upon generations yet to come,
It
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It is very remarkable, that, notwithftanding
of the number of philofophical chemifts who
have fupported the dottrine of the four elements,
there is not one who has not been led by the
evidence of faés to admit a greater number of
elements into their theory. The firft chemilts
that wx.'nte after the revival of letters, confider-
ed fulphur and falt as elementary-[ubftances en-
tering into the compofition of a great number
of fubftances ; hence, inftead of four, they ad-
mitted the exiltence of fix elements. Beccher
affumes the exiltence of three kinds of earth,
from the combination of which, in different pro-
portions, he fuppofed all the varieties of metal-
lic fubftances to be produced., Stahl gave a -
new modification to this fyltem ; and fucceed-
ing chemifts have taken the liberty to make or
to imagine changes and additions of a fimilar
- nature. All thele chemifts were carried along
by the influence of the genius of the age in
which they lived, which contented itfelf with
affertions without proofs; or, at leaft, often ad-
mitted as proofs the flighteft degrees of proba-
bility, unfupported by that {triétly rigorous ana-
lyfis required by modern philofophy.

All
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All that can be faid upon the number and
nature of elements is, in my opinion, confined
to difcuflions entirely of a metaphyfical nature.
The fubje& only furnifhes' us with indefinite
problems, which may be folved in a thoufand
different ways, not one of which, in all probabi-
lity, is confiftent with nature. 1 fhall therefore
only add upon this fubjeét, that if, by the term
elements, we mean to exprefs thofe fimple and
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 capable, by any means, to
reduce bodies by decompofition. Not that we
are entitled to affirm, that thefe fubftances we
confider as fimple may not be cumpnﬁﬁ_ded of
two, or even of a greater number of principles ;
but, fince thefe principles cannot be feparated,
or rather fince we have not hitherto difcovered
the means of feparating them, they a& with re-
gard to us as fimple fubftances, and we ought
never to fuppofe them compounded until expe-
riment and obfervation has proved them to be

fo.
The
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The foregoing refletions upon the progrefs
of chemical ideas naturally apEI}f to the words
by which thefe ideas are to be exprefled. _Guided
by the work which, in the year 1787, Meflrs
de Morveau, Berthollet, de Fourcroy, and I
compofed upon the Nomenclature of Chemiftry,
I have endeavoured, as much as poffible, to de-
nominate fimple bodies by fimple terms, and I
was naturally led to name thefe firft. It will be
recollected, 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 lealt which had been known but for a ihort
time, and the names of which had not yet re-
ceived the fanion of the public ; and, fgcnnd;
Iy, when the names which had been adopted,
whether by the ancients or the moderns, appear-
ed to us to exprels evidently falfe ideas; when
they confounded the fubftances, to which they
were applied, with others poffefled of different,
or perhaps oppofite qualities. We made no
fcruple, in this cale, of fubftituting other names
in their room, and the greatelt number of thefe
were borrowed from the Greek language. We

i endeavoured
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.~ gillac, ¢ is taught to give the name free to the
s firlt one which is pointed out to him. 'The
< pext one he fees prefents the fame idea, and
¢ he gives it the fame name. _This he does like-
¢« wife to a third and a fourth, till at laft the
«¢ word tree, which he firlt applied to an indi-
« yidual, comes to be employed by him as the
¢ name of a clafs or a genus, an abftract idea,
¢ which comprehends all trees in general. But,
« when he learns that all trees ferve not the
« fame purpofe, that they do not all produce
¢ the fame kind of fruit, he will foon learn to
< diftinguith them by fpecific and particular
¢ pames.” This is the logic of all the {ciences,
and is naturally applied to chemiltry.

The acids, for example, are compounded of
two fubftances, of the order of thofe which we
confider as fimple ; the one conflitutes acidity,
and is common to all acids, and, from this fub-
{tance, the name of the clafs or the genus ought
to be taken ; the other is peculiar to each acid,
and diftinguifhes it from the reft, and from this
fubftance is to be taken the name of the fpecies.,
But, in the greateft number of acids, the two
conftituent elements, the acidifying princip]e,-

ang
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been long the only known ones in this kind.
Now, however, we know, from the experiments
of Meflrs Vandermonde, Monge, and Berthol-
let, that charcoal may be combined with 1ron,
and perhaps with feveral other metals ; and that,
from this combination, according to the propor-
tions, may be produced fteel, plumbago, &c.
We know likewife, from the experiments of M.
Pelletier, that phofphorus may be combined with
a great number of metallic fubftances. Thefe
different combinations we have clafled under
generic names taken from the common fub-
ftance, with a termination which marks this
analogy, {pecifying them by another name taken
from that fubftance which is proper to each.

The nomenclature of bodies compounded of
three fimple fubftances was attended with {till
greater difficulty, not only on account of their
number, but, particularly, becaufe we cannot
exprefs the nature of their conftituent principles
without employing more compound names. In
the bodies which form this clafs, Tuch as the
neutral falts, for inftance, we had to confider,
1ft, The acidifying principle, which is common
to them all ; 2d, The acidifiable principle which
conftitutes their peculiar acid; 3d, The faline,

earthy,
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It may be eafily fuppofed that it was not pof-
fible to attain all thefe different objects without
departing, in fome inftances, from eftablithed
cuftom, and adopting terms which at firlt fight
will appear uncouth and barbarous. But we
confidered that the ear is foon habituated to
new words, efpecially when they are connelted
with a general and rational fyftem. The names,
befides, which were formerly emjployed, fuch as
powder of algaroth, falt of alembroth, pompholiz,
phagadenic water, turbith mineral, colcothar, and
many others, were neither lefs barbarous nor
lefs uncommon. It required a great deal of
pradtice, and no {mall degree of memory, to re-
colleét the fubftances to which they were applied,
much more to recolle the genus of combina-
tion to which they belonged. The names of
oil of tartar per deliquium, oil of witriol, butter of
arfenic and of antimony, flowers 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, oils, or flowers; and, in
fhort, the fubftances to which they give thefe fals
lacious names, are nothing lefs than rank poifons.

When
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long differtations on 'the hiftory of the fcience,
and the works. of thofe who have ftudied it, 1
muft have loft fight of the true obje I had in

view, and produced a work, the reading of

which muft have been extremely tirefome to
beginners. It is not to the hiftory of the fcience,
or of the human mind, that we are to attend in
an elementary treatile : Our only aim ought to
be eafe and perfpicuity, and with the utmoft care
to keep every thing out of view which might draw
afide the attention of theftudent; it is a road which
we fhould be continually rendering more fmooth,
and from which we fhould endeavour to remove
every obftacle which can occafion delay. The
fciences, from their own nature, prefent a [uffi-
cient number of difficulties, though we add not
thofe which are foreign to them. But, befides
this, chemifts will eafily perceive, that, in the
firft part of my work, I make very little ufe of
any experiments but thofe which were made by
myfelf: If at any time I have adopted, without
acknowledgment, the experiments or the opi-
nions of M. Berthollet, M. Fourcroy, M. de la
Place, M. Monge, or, in general, of any of thofe
whofe princilﬁles are the fame with my own, it
is owing to this circumftance, that frequent in.
tercourle, and the habit of communicating our

¢ ideas,
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work of this kind was much wanted, and I am
convinced it will not be without ufe. The method
of performing experiments, and particularly thofe
of modern chemiftry, 1s not fo generally known
as it ought to be; and had I, in the different
memoirs which I have prefented to the Academy,
been more particular in the detail of the mani-
pulations of my experiments, it is probable I
fhould have made myfelf better underitood, and
the fcience might have made a more rapid pro-
grefs. The order of the different matters con-
tained in this third part appeared to me to be
almoft arbitrary; and the only one I have ob-
ferved was to clafs together, in each of the
chapters of which it is compofed, thofe opera-
tions which are moft conne&ted with one an-
other. I need hardly mention that this part
could not be borrowed from any other work,
and that, in the principal articles it contains, I
could not derive afliftance from any thing but
the experiments which I have made myfelf.

I fhall conclude this preface by tranfcribing,
literally, fome obfervations of the Abbé de Con-
dillac, which I think defcribe, with a good deal
of truth, the ftate of chemiltry at a period not

far diftant from our own, Thele -obfervations

WEere
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¢.ed. Might it not be thought that works whicl
s treated of the fciences with the utmoft per[pi-
¢ cuity, with great precifion and order, mult be
¢ underftood by every body? The fac 1s, thofe
¢ who have never ftudied any thing will under-
¢ ftand them better than thofe who have ftudied
“a great deal, and efpecially than'thofe who
¢ have written a great deal,

At the end of the fifth chapter, the Abbé de
Condillac adds: ¢ But, after all, the fciences
¢ have made progrefs, becaufe philofophers have
¢ applied themfelves with more attention to ob-
¢ ferve, and have communicated to their lan
¢ guage that precifion and accuracy which they
¢ have employed in their obfervations : In core
“ reting their language they reafon better.’

CON.
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CHEMISTRY.

P nA A ROl i

Of the Formation and Decompofi-
tion of Aeriform Fluids—of the
Combuftion of Simple Bodies—
and the Formation of Acids.

s AL R

Of the Combinations of Caloric, and the Formation
of Elafic Aériform Fluids. ' |

T HAT every body, whether folid or fluid,
is augmented in all its dimenfions by any
“increafe of its fenfible heat, was long ago fully
eftablithed as a phyfical axiom, or univerfal pro-
pofition, by the celebrated Boerhaave. Such
fallts as have been adduced for controverting the

A generality
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‘a very fingular conclufion, is yet impoffible to
be denied. ' | - |

It is fuppofed, that, fince the particles of bo-
dies are thus continually impelled by heat to
{feparate from each other, they would have no
connetion between themfelves ; and, of confe-
quence, that there could be no folidity in na-
ture, unlefs they were held together by fome
other power which tends to unite them, and,
fo to fpeak, to chain them together; which .
power, whatever be its caufe, or manner of ope-
tation, we name Attrattion.

Thus the particles of all bodies may be con.
fidered as fubjeted to the action of two op-
pofite powers, the one repulfive, the other at.
traltive, between which they remain in equili
brio. So long as the attradtive force remains
ftronger, the body muft continue in a ftate of
folidity ; but if, on the contrary, heat has fo
far removed thefe particles from each other, as
to place them beyond the fphere of attraction,
they lofe the adhefion they before had with
each other, and the body ceafes to be folid.

Water gives us a regular and conftant ex-
ample cf thefe falts; whillt below Zero* of
the French thermometer, or 32° of Fahrenheir,

it

* Whenever the degtee of heat oceurs in thic work,
itis ftated by the anthor accordin g to Reaumur’s fcale,
The degrees within brackets are the correfpondent de-
grees of Fahrenheit’s fcale, added by the tran{lator. E,
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it remains folid, and is called ice. = Above that
degree of temperature, its particles being no
longer held together by reciprocal attraétion, it
becomes liquid ; and, when we raile its tem-
perature above 80° (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 aériform 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 attrative force inherent in their particles,
and the repulfive power of the heat alting upon.
thefe ; or, what amounts to the fame thing, in
proportion to the degree of heat to whn:h they.
" are expofed.

1t is difficult to cumprehend theff: phcno-
mena, without admitting them as the effeéts of
a real and material fubltance, or very {ubtile
ﬂﬁid, which,. infinuating itfelf between the par-
ticles of bodies, feparates them from each o-
ther ; and, even allowing the exiftence of this
fluid to be hypothetical, we fhall fee in the fe-
quel, that it explains the phenomena of nature
in a very fatisfaétory manner.

- This {fubftance, whatever it is, being the cauf’e
of heat, or, in other words, the fenfation which
we call warmth being caufed by the accumula.
tion of this fubﬁanc:, we cannot, ia ftrict lan-

guage,
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guage, diftinguifh it by the term; beat ; becaule

the fame name would then very improperly ex-
prefs both caufe and effect. . 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 t+ publithed
by Mr de Morveau, Mr Berthollet, Mr de Four-
croy, and myfelf, upon the reformation of che-
mical nomenclature, we thought it neceflary to
banifh all periphraftic .expreflions, which both
lengthen phyfical language, and render it
more tedious and lefs diltinct, and which even
frequently does not convey fufficiently juft ideas
of the fubject intended. Wherefore, we have
diftinguithed the caufe of heat,.or that exqui-
fitely elaftic fluid which produces it, by the
term of ‘caloric. Befides, that this expreflion
fulfils our objec in the fyftem which we have
adopted, it poflefles this farther advantage, that
it accords with every fpecies of opinion, fince,
ftrictly fpeaking, we are not obliged to fuppofe
this to be a real fubftance ; it being fufficient,
as will more clearly appear in the fequel of this
work, that it be confidered as the repulfive
caule, whatever that may be, which feparates
the particles of matter from each other ; fo thas
we

* Collections of the French Academy of Sciencer

for that year, p. 420,

T Chemical Nomenclature.
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thefe things which we neither fee nor feel, that
it is efpecially neceffary to guard againft the
extravagancy of our imagination, which for-
ever inclines to ftep beyond the bounds of
truth and is ver}r t;lli:l:ifc:l.lll:ljr reﬂramed within
the narrow line of faéts.

We have already feen, that the fame body
becomes folid, or fluid, or aériform, according
to the quannt}' nf calunc by which it is pene-
trated ; or, to- fpagk more {trittly, according as
the repulfive force exerted by the caloric is
équq.'l m!' ﬂfonger, or weaker, than the attrac-
tion of the particles of the body it ads upon,
B, if thefe two powers only exifted, bodies
‘would become liquid at an indivifible degree of
the thermometer, and would almoft inftantane.-
oufly pafs from the folid ftate of aggregation to
that of aériform elafticity. Thus water, for ; in-
{tance, at the very moment when it ceafes to be
ice, would begin to boil, and would be trans:
formed into an aériform fluid, having its parti,
cles feattered 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 till it be raifed to So° of tempe-
rature (212°) above zero of the French ther-
mometer, the quantity of caloric which it re.
ceives in the lowelt temperature bemg infuff-

cient
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ing upoi its Ttalk P, the veflel, which is from
twelve to fifteen lines diameter, is to be cover-
ed by a wet bladder, ' tied round its neck with
feveral turns of itrong thread ; for greater fe-
curity, fix a fecond bladder over the firft. The
veffel fhould be filled in {fuch a manner with
the ether, as not to leave the fmalleft portion
of air between the liquor and the bladder.
Ie is now to be placed under the recipient
BCD of an air-pump, ~of which the upper
part B. ought to be fitted with a leathern lid,
through which pafiesia wire EF; having its
point F very fharp; and in the fame receiver
there ought to be placed the. barometer GH.
“Fhe whole being ‘thus difpofed, let the recipiemnt
be exhaufted, and then, by pufhing down the
wire IF, we make a hole in the bladder." " Imi.
mediately the ‘ether begins to boil with great
violence, and is changed into an elaftic aéri
form fluid, which fills the receiver. ¥ the
quantity of ether ‘be fufficient to leave a fow
drops in the phial after the evaporation is finifhs
ed, the elaftic fluid produced will fuftain the
mercury in the barometer attached to the ajp.
pump, at eight or ten inches in winter, and from

B twenty

mable liquor, having a confiderably finaller fpecific
gravity than water, or even fpirit of wine.—=A. '
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twenty to twenty-five in fumimer ¥. To render
this experiment more complete; we may intro-
duce a {mall thermometer into the phial A, con-
taining the ether, which will defcend confider-
ably during the evaperation.

The only effeét 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, and that the paffing of
the ether from the liquid to the aériform ftate
is accompanied by a confiderable leffening of
heat ; becaufe, during the evaporation, a part of
the caloric, which was before in a free ftate, or
at lealt in equilibrio in the furrounding bo-
dies, combines with the ether, and caufes it to
aflume the aériform ftate.

The fame experiment {ucceeds with all eva.
porable fluids, fuch as alkohol, water, and even
mercury ; with this difference, that the at-
mofphere formed in the receiver by alkohol only

: fupports

® 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,
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fupports the attached barometer about one inch
in winter, and about four or five inches in {um-
iner ; that formed by water, in the fame fitua-
tion, raifes the mercury only a few lines, and
that by quickfilver but a few fractions of a line.
"There is therefore lefs fluid evaporated from al-
kohol than from ether, lefs from water than
from alkohol, and {till lefs from mercury than
from either ; confequently there is lefs caloric
employed, and lefs cold produced, which qua-
drates exaltly with the refults of thefe experi-
ments.

Another fpecies of experiment proves very e-
'videntiy that the aériform ftate is a modifica-
tion of bodies dependent on the degree of tem-
perature, and on the preflure which thefe bodies
undergo. In a Memoir read by Mr de la Place
and me to the Academy in 1777, which has not
been printed, we have thown, that, when ether
1s fubjected to a preffure equal to twenty-eight
inches of the barometer, or about the medium
preflure of the atmolphere, it boils at the tem-
perature of about 32° (104), or 33° (106.25°),
of the thermometer. Mr de Luc, who has made
fimilar experiments with fpirit of wine, finds
it boils at 670 (182.75°). And all the world
knows that water boils at 80° (212°). - Now,
boiling being only the evaporation of a liquid,
or the moment of its paffing from the fluid to
the a€riform ftate, it is evident that, if we keep

ether
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This is not the place to enter upon the exas
mination of the nature and properties of this
aériform fluid, which is extremely inflammable 3
but, confining myfelf to the objeét at prefent in
view, without anticipating circumftances, which
1 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 aé-
riform ftate in our world ; for, if the weight of
our atmofphere was only equal to between 20
and 24 inches of the barometer, inftead of 28
inches, we thould never be able to obtain ether
in the liquid ftate, at leaft in fummer ; and the
formation of ether would confequently be im*
poffible upon mountains of a moderate degree
of elevation, as it would be converted into gas
immediately upon being produced, unlefs we
employed recipients of extraordinary ftrength,
together with refrigeration and compreffion.
And, laftly, the temperature of the blood being
nearly that at which ether paffes from the li-
quid to the aériform ftate, it muft evaporate in
the primae viae, and confequently it is very
probable the medical properties of this fluid
depend chiefly upon its mechanical effect.

"Thefe experiments fucceed better with nitrous
ether, becaufe it evaporates in a fower tempera-
ture than {ulphuric ether. -} is more difficult to
aht'ain alkohol in the aériform ftate ;. becaufe,
as 1t requires 67° (182.75°) to reduce it to va-

pour,
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pour, the water of the bath muft be almoft
boiling, and confequently it is impoflible 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 into
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 neceflary to confirm it by the follow-
ing direct experiment. We filled a glafs jar A,
(Plate VIL Fig. 5.) with mercury, and placed
it with its mouth downwards in a dith B, like-
wife filled with mercury, and having intro.
duced about two grofs of water into the jar,
which rofe to the top of the mercury at €D;
we then plunged the whole apparatus into an
iron boiler EFGH, full of boiling fea.water of

the temperature of 85° (#24.25°), placed upon 54

the furnace GHIK. Immediately upon the wa-
ter over the mercury attaining the temperature
of 80° (212°), it began toboil ; and, inftead of
only filling the fmall {fpace ACD, it was con-
verted into an aeriform fluid, which filled the
whole jar; -the mercury even delcended below
the furface of that in the difh B; and the jar
muit have been overturned, if it had not been
very thick and heavy, and fixed to the difh by
means of iron-wire. Immediately after with-
drawing the apparatus from the boiler, the va-
pour in the jar began to condenfe, and the

mercury
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mercury rofe to its former flation ; but n rea
turned again to the a¢riform ftate a few feconds
after replacing the apparatus in the _hniler-.
' We have thus' a certain number of fub-
ftances, which are convertible into elaftic aéri-
form fluids by degrees of temperature, not
wmuch fuperior to that of our atmofphere. We
{hall afterwards find that there are feveral others
whichundergo thefame change infimilar circom-
ftanices, fuch as muriatic or marine acid, ammo=
niac or volatile alkali, the carbonic acid or fixed
air, the fulphurous acid, &c. All of thefe are
permanently elaftic in or about the mean tempe«
- rature of the atmofphere, and under its common
preflure. s

" All thele facts, which could be eafily multi.
plied if neceflary, give me fall right to affume,
as a general principle, that almoft every body
in nature is fufeeptible of three feveral ftates of
exiftence, folid, liquid, and a€riform, and
that thefe three {tates of exiftence depend upon
the quantity of caloric combined with the
body. Henceforwards 1 fhall exprefs thefs
elaftic acriform fluids by the generic tern
gas ; and in each fpecies of gas I fhall diftin-
guith between the caloric, which in fome mesa.
fure ferves the purpofe of a folvent, and the fub«
ftance, which in combination with the caloric,
forms the-bafe of the gas.

To
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- T thefe bafes of the different gaffes, which
are hitherto but little known, we have been o»
bliged to aflign names; thefe I thall point ous
in Chap. V. of this work, when I have pre-
vioufly given an account of the phenomena at.
tendant upon the heating and cooling of bodies,
and when I have eftablifhed precife ideas con-
cerning the compofition of our atmofphere.

- We have already fhown, that the particles of
every fubftance in nature exift in a certain
ftate of equilibrium, between that attraction

* which tends to unite and keep the particles to-

gether, and the ‘effets of the caloric which
tends to feparate them.  Hence the caloric
not only furrounds the particles of all bos
dies on every fide, but fils up every inter-
val which the particles of bodies leave' be-
tween each other. -“We may form an idea of
this, by fuppofing a veflel filled with fmall [phe-
rical leaden bullets, into which a quantity of
fine {and is poured, ‘which, infinuating into the
intervals between the bullets, will fill up every
void: The balls, in this comparifon, are to the

{and which furrounds . them exaétly in the fame

fituation as the particles of bodies are with refpect
to the calorie ; with this difference only, that
the ‘balls are fuppofed to touch each other,
whereas the particles of bodies are not in con-
tact, being retained at a fmall diftance from
gach other, by the caloric.

W
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If, inftead of fpherical balls, we fubftitute folid
bodies of a hexahedral, oftohedral, or any o-
ther regular figure, the capacity of the inters
vals between them will be lefferied, and confe-
quently will io longer contain the fame quan-
tity of fand. The fame thing takes place, with
refpeét to natural bodies ; the intervals left be-
tween their particles are not of equal capacity,
but vary in confequence of the different figures
and magnitude of their particles, and of the
diftarice at which thefe particles are maintain-
ed, according to the exifting proportion bes
tween their inherent attration, and the repul-
five force exerted upon them by the caloric.

In this manner we muft underftand the fol.
lowing expreflion, introduced by the Englith
philofophers, who have given us the firft pre-
cife ideas upon this fubject ; the capacity of bodies
Jor containing the matter of heat. As compari-
fons with fenfible objeéts are of great ufe in
affilting us to form diftin& notions of abftra&
ideas, we fhall endeavour to illuftrate this, by
inftancing the phenomena which take place
between water and bodies which are wetted
and penetrated by it, with a few refle@ions.

If we immerge equal pieces of different kinds
of wood, fuppofe cubes of one foor each, inte
water, the fluid gradually infinuates itlelf into
their pores, and the pieces of wood are aug-
mented both in weight and magnitude: Bus

> each
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fion very confiderable diverfities in the  refults
of experiments made upon thefe two fub-
ftances. L

Having eftablifhed thefe clear and {imple
propofitions, it will be very eafy to explain the
ideas which ought to be affixed to the folow-
ing expreflions, which are by no means fynoni-
mous, but poffefs each a ftrit and determinate
meaning, as in the following definitions+

Free caloric, is that which is not combined in
any manner with any other body. But, as we
live in a fyftem to which caloric has a very
ftrong adhefion, it follows that we are never
able to obtain it in the ftate of abfolute free-
dom.
 Combined caloric, is that which is fixed in

bodies by affinity or eletive attraction, fo as to
form part of the fubftance of the body, even
part of its folidity.

By the expreflion fpecific caloric of bodies, we
underftand the refpective quantities of caloric
requifite for raifing a number of bodies of the
fame weight to an equal degree of tempera-
‘tare. ‘lhis proportional quantity of caloric de-
pends upon the diftance between the conftitu-
ent particles of bodies, and their greater or
leffer degrees of cohefion ; and this diftance, or
rather the fpace or void refulting from it, is,
as 1 have already obferved, called the capacity
of badies for containing caloric, ;

Heat,
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- Heat, confidered as a fenfation, or, in other -

words, fenfible heat, is only the effect produ-
ced upon our fentient organs, by the motion or
paflage of caloric, difengaged from the fur-
rounding bodies. In general, we receive im-
preflions only in confequence of motion, and
we might eftablifh it as an axiom, That, WITH-
OUT MOTION, THERE I8 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 ta
become in eq‘uili‘bfi;:} in all bodigs, pafles from
our hand into the body we touch, which gives
us the feeling or fenfation of cold. The dirett
contrary happens, when we touch a warm
hody, the caloric then paffing from the body
into our hand, prodnces the fenfation of heat,
i the hand and the body touched be of the
fame temperature, or very nearly fo, we receive
no impreffion, either of heat or cold, becaufe
there is mo motion or pafizge of caloric ; and
thus no fenfation can take place, without fome
correfpondent motion to occafion it.

When the thermometer rifes, it fhows, that
free caloric is entering into the furrounding

e oms e e -

bodies: The thermometer, which is one of thefe,

receives its fhare in proportion to its mafs, and
to the capacity which it poffefles for containing
caloric. The change therefore which takes
place upon the thermometer, only announces 3
| | change

1
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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,
without being a meafure of the whole quantity
dilengaged, difplaced, or abforbed.

The moft fimple and moft exaét method for
determining this latter point, is that defcribed
by Mr de la Place, in the Memoirs of the Aca-
demy, No. 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 midft of a hollow
~ fphere of ice; and the quantity of ice melted

becomes an exa& meafure of the quantity of
caloric difengaged. It is poflible, by means of
the apparatus which we have caufed 1o be con-
firucted upon this plan, to determine, not as has
been pretended, the capacity of bodies for con-
taining heat, but the ratio of the increafe or dis
minution of capacity produced by determinate
degrees of temperature. It is eafy with the
fame apparatus, by means of divers combina.
tions of experiments, to determine the quantity
of caloric requifite for converting folid fub-
ftances into liquids, and liquids into elaftic aéri-
form fluids ; and, wice verfa, what quantity of
caloric efcapes from elaftic vapours in changing
to liquids, and what quantity efcapes from li-
quids during their converfion into folids. Per«

haps,

:
!
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kaps, when experiments have been made wich
fufficient accuracy, we may one day be able to
determine the proportional quantity of caloric,
neceflary for producing the feveral fpecies of
gafles. I fhall hereafter, in a feparate chapter,
give an account of the principal refults of fuch
experiments as have been made upon this head.
It remains, before finithing this article, to
fay a few words relative to the caufe of the
elafticity of gafles, and of fluids in the ftate of
vapour. It is by no means difficult to perceive
that this elafticity depends upon that of caloric,
which feems to be the moft eminently elaftic
body in nature. Nothing is more readily con-
ceived, than that one body fhould become elaf-
tic by entering into combination with another
body poflefled of that quality. We muft allow
that this is only an explanation of elaiticity, by
an afflumption of elafticity, and that we thus
only remove the difficulty one {tep farther, and
that the nature of elafticity, and the realon for
caloric being elaftic, remains ftill unexplained.
Elafticity in the abftralt is nothing more than
that quality of the particles of bodies by which
they recede from each other when- forced toge-
ther. This tendency in the particles of caloric
to feparate, takes place even at confiderable dil-
tances. We fhall be fatisfied of this, when we
confider that air is fufceptible of undergoing |

great compreflion, which fuppoles that its par-
- : ticles
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ficles were previoufly very diftant from each
other ; for the power of approaching together
certainly fuppofes a previous . diltance, - at lealt
equal to the degree of approach. , Confequent-
ly, thofe particles of the air, which are already
eonfiderably diftant from each other, tend to
feparate {till farther. In faét, if we produce
Boyle’s vacuum in a large receiver, the very
laft portion of air which remains fpreads “itfelf
uniformly through the whole capacity of the
- veflel, howeverlarge, fills it completely thruugh-f
out, and prefles every where againft its fides -
" We cannot, however, explain this effet, with-
out fuppofing that the particles' make an  effort
to feparate themlelvesion every fide, and we.
are quite ignorant at what diftance, or what

- degree of rarefattion, this effort ceales to act,
Here, therefore, exilts a true repulfion he-
tween the particles of elaftic fuids ; at leaft,
circumftances take place exadtly as if fucha
vepulfion actually exifted; and we have very
good right to conclude, that: the particles of
waloric mutually repel each other. When we
are once permitted to' fuppefe this repelling
force, the ratisnale of the formation of gafles, or
acriform fluids, becomes perfedtly fimple; the®
we mult, at the fame time, allow, that it is ex.
tremely difficult to form an accurate conception,
of this repulfive forcs a€ting upon Very minute:
.. particles
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particles placed at great diftances from each

ﬂthﬂr-

It is, perhaps, more natural to fuppofe, that
the particles of caloric have a ftronger mutual
attraction than thofe of any other fubftance,
and that thefe latter particles are forced afunder
in confequence of this fuperior attration be-
tween the particles of the caloric, which forces
them between the particles of other bodies, that
they may be able to reunite with each other. We
have fomewhat analogous to this idea in the phe-
nomena which occur when a dry fponge is dipt
into water : The fponge fwells ; its particles fepa-
rate from each other; and all its intervals are fill-

ed up by the water. Itis evident, that the fponge,

in the a& of fwelling, has acquired a greater
capacity for containing water than it had when

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 attraltiver

powers ; and thefe are, fir/2, The gravity of the

water, and the power which it exerts on every
fide, in common with all other fluids; 2dly,
The force of attra&tion which takes place be-

tween the particles of the water, caufing them
to unite together ; 3dly, The mutual attration
of the particles of the fponge with each other ;

and, |

et
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‘and, Za/tly, The reciprocal attraction which ex-
ilts between the particles of the fponge and thofe
of the water. It is eafy to underftand, that the
explanation of this fact depends upon properly

appreciating the intenfity of, and connection be- -

tween, thefe feveral powers. It 1s probable,
that the feparation of the particles of bodies, oc-
cafioned by caloric, depends in a fimilar man-
ner upon a certain combination of different at-
tractive powers, which, in conformity with the
~imperfection of our knowledge, we endeavour
to exprels by faying, that caloric communicates
a power of repulfion to the partieles of bodies:

b CHAP
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wious fubftances which compofe our earth, if its
temperature were fuddenly altered. If, for in-
ftance, we were fuddenly tranfported into the
region of the planet Mercury, where probably
the common temperature is much fuperior to
that of boiling water, the water of the earth,

and all the other fluids which are fulceptible of

the gafleous ftate, at a temperature near to that
of boiling water, even quickfilver itfelf, would
become rarified ; and all thele fubftances would
be changed into permanent aériform fluids or
gafles, which would become part of the new at-
‘ molphere. Thefe new fpecies of airs or gaffes
would mix with thofe already exifting, and cer-
tain reciprocal decompofitions and new combi-
nations would take place, until fuch time as all
the eletive attrations or affinities fubfifting
- amongft all thefe new and old gaffeous fub-
ftances had operated fully; after which, the ele-
mentary principles compofing thefe gafles, being
faturated, would remain at reft. We mult attend
to this, however, that, even in the above hypo-
thetll:al fituation, certain bounds would occur to
the evaporation of thefe fubftances, produced by
that very evaporation itfelf ; for as, in proportion
to the increale of elaltic fluids, the preflure of the
atmolphere would be augmented, as every de-
gree of preflure tends, in iome meafure, to pre-
vent evaporation, and as even the moft evapo-
rable
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-aphanous and homogeneous, like rock c;ryi'tal,
* but which, in time, becoming mixed with fo-
reign and heterogeneous fubftances, would be-
come opake ftones of various "colours. In
this cafe, the air, or at leaft fome part of the
aériform fluids which now” compofe the mafs of
our atmofphere, would doubtlefs lofe its elafti-
city for want of a fufficient temperature to re-
tain them in that ftate: They would return to
the liquid ‘ftate of exiftence, and new liquids
-would be formed, of whofe propgrties we can-
-not, at prefent, form the moft diftant idea.
Thefe two oppofite fuppofitions give a di-
ftin& proof of the following corollaries : Fir/t,
That felidity, liquidity, and aeriform elafticity,
are only three different ftates of exiftence of the
fame matter, or three particular modifications
which almoft all fubftances are fufceptible of
- affluming fucceflively, and which folely depend
upon the degree of temperature to which they
are expofed ; or, in other words, upon the
- quantity of caloric with which they are penetra
ted *. 2dly, Thar it isextremely probable that
air is a fluid naturally exilting in a ftate of va.
pour ; or, as we may better exprefs it, that our
atmofphere is a compound of all the fluids

which

* The degree of preffure which they undergo muft
be taken into account. E.
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of our atmofphere a ftratum of inflammable
fluid in conta& with thofe ftrata of air which
produce the phenomena of the aurora borealis
and other fiery meteors.—I mean hereafter to

purfue this fubjet in a feparate treatife.

CHAPD
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¢igoroufly determined than that of any other
fubftance of the clafs. Chemiftry affords two
general methods of *determining the conftitu-
ent principles of bodies, the method of ana-
lyfis, and that of fynthefis. When, for inftance,
by .combining water with alkohol, we form the
fpecies of liquor called, in commercial language,
brandy or {pirit of wine, we certainly have a
right to conclude,  that brandy, or fpirit of
wine, is compofed of alkohol combined with
water.  We can produce the fame refult by the
analytical method ; and in general it ought to
be confidered as a principle in chemical fcience,
never to reft fatisfied without both thefe Ipecies
of proofs.

We have this advantage in the analyfis of at-
mofpherical air, being able both to decompound
i, and to form it a-new in the moft fatisfactory
manner. I fhall, however, at prefent confine
myfelfto recount fuch experiments as are moft
conclufive upon this head ; and 1 may confider
molt of thefeas my own, having either firft in-
vented them, or having repeated thole of others,
with the intention of analyfing atmolpherical air,
1 perfectly new points of view.

I took a matrafs (A, fig.'14. plate 11.) of a-
bout 36 cubical inches capacity, having a long
neck BCDE, of fix or feven lines internal
diameter, and haﬂ.ring bent the neck as in Plate
V. Fig. 2. fo as to allow ‘of jte being placed in

F the
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a medium of 28 inches of the barometer and
10° (54.5°) of the thermometer, at the com-
mencement of the experiment was about 5o
cubical inches. At the end of the experimént
the remaining air, reduced to the fame medium
preflure and temperature, was only between 42
and 43 cubical inches ; confequently it had loft
about % of its bulk. Afterwards, having col-
leted all the red particles, formed during the
experiment, from the running mercury in which
they floated, I found thele to amount to 4¢
grains. | |
I was obliged to repeat this experiment feve-
ral times, as it is difficult in one experiment both
to preferve the whole air upon which we opes
rate, and to collett the whole of the red parti-
cles, or calx of mercury, which is formed di-
ting the calcination. It will often happen in
the fequel; that I fhall, in this manner, give in
one detail the refults of two or three experi-
ments of the fame nature.

- The air which remained after the calcination
of the mercury in this experiment, and which
was reduced to £ of its former bulk, was no
! longer fit either for relpiration or for combui.
tion; animals being introduced info it were
fuffocated in a few feconds, and when a taper
was plunged into it, it was extinguilhed as if i
had been immerfed into water.

Yo
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5. In the next place, I took the 45 grains of red
matter formed during this experiment, which 1
put into a fmal) glafs retort, having'a propez
apparatus for receiving fuch liquid, or gaffeous
produdt, as might be extradted : Having applied
a fire to the retort in a furnace, I obferved 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 deereafe'in bulk, and in 2
few minutes after it difappeared altogether ; at
the fame time 414 grains of running mercury
were colleéted inthe recipient, and 7 or § cubi-
cal inches of elaftic fluid, greatly more capable
of {fupporting both refpiration and combuftion
than atmofperical air, were cnlle&ed in the bell-
glafs. !

. A part of this air being put into a glafs tube
af about.an inch diameter, thowed the following

properties ¢ A taper burned in' it with a daz-

zling {plendour, and charcoal, inftead of corr-
fuming quietly as it does in common air, burnt

~with- a flame, attended -with' a decrepitating-

noife, like pholphorus; and threw out fuch a
brilliant light that the eyes could hardly endure
it.  This {pscies of air was difcovered almoft
at the fame time by Mr Prieftley, Mr Scheele,
and myfelf.  Mr Prieftley gave it the name of
depbiﬁgﬁimred airy Mr Scheele called it empyreal
,ﬁt firlt Loamed it bighly refpirable air, to

S whicl
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which has fince been fubftituted the’ term of
vital air.. "W fhall prefently fée what we ought
+0 think of thefe denominations. ' R

In refle&ting upon the circumitances of this
experiment, we readily perceive, that the mer=
cury, during its calcination, abforbs the falu-
brious and refpirable part of the air, or, to
fpeak more ftrictly, the bafe of this refpirable
- part ; that the remaining air is a fpecies of mé-
phitis, incapable of fupporting combuftion or
refpiration ; and confequently that atmoipheric
air is compofed of two elaftic fluids of different
and oppofite qualities. As a proof of this im-
portant truth, if we recombine thefe two elaftic
fluids, which we have {eparately obtained in the
above experiment; viz. the 42 cubical inches of
mephitis, with the 8 cubical inches of refpirable
air, we reproduce an air precifely fimilar to that
of the atmelphere, and poffefling nearly the fame
power of fupporting combuftion and refpiration,
and of contributing to the calcination of metals.

Although this experiment furnifhes us with
‘a very fimple means of obtaining the two prin- -
cipal elaftic fuids which compofe our atmo-
fphere, feparate from each other, yet it does not
give us an exact idea of the proportion in which
thefe two enter into its compofition : For the
attraction of mercury to the relpirable part of
the air, or rather to its bafe, is not {ufficiently
flrong to overcome all the circumftances which

oppofe
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produced by the calcination itlelf becomes: cone
founded with that proceeding from the furnace,
Imlght add the refpirable part of the air, or
rather its bafe, in entering into combination
with the mercury, does nqt part with all the
caloric which it contained, but ftill retains a part
of it after forming the new compound ; but the
difcuflion of this point, and its proofs from ex.
periment, do net belong to’ thlS part of our
fubject. -
Tt is, however, eafy to render this difengages
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
purpofe, iron is excellently addpted, as it pof-
feffes a much ftronger affinity for the bafe of
refpirable air than mercury. The elegant ex-
periment of Mr Ingenhouz, upon the combul-
rion of iron, is well known. Take 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 extremity of the
wire C, a {mall morfel of tinder. Matters be.
ing thus prepared, fill the bottle DEFG with
air deprived of its mephitic part ; then light
the tinder, and introduce it quickly with the
wire wpon which it is fixed, into the bottle
which you ftop up with the cork A, as is thown
in the figure (17 Plate IV.) The inftant the
tinder
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tinder comes " into -conta&t with: the’ vital aje
it begins to burn with - great intenfity ; and,

::nmmumcat:ng the inflammation  to the iron-

mre, it too takes fire, and burns rapidly, throw-
ing out brilliant fparks, which fall to the bot-
tom of the veffel in rounded globules, which
become black in cooling but retain a degree of
metallic fplendnur The iron thus burnt is
more brittle even than glafs, and is eafily redu-
ced into powder, and is ftill attracable by the

‘magnet, though not fo powerfully as it was be-

fore combuftion.. As Mr Ingenhouz has nei-

- thcr examined the change produced, on iron, nor

upon the air by this operation, I have repeated

the experiment under different circumiftances,

N an apparatus adapted to anfwer my parucu-
ar w.ews, as follows,

Jaying ﬁiled a bell -glafs (fl Platﬂ IV. Fig, 3.)
af about fix pints teafure, with pure air, or the
hxghlg.r refplrable part of air, I tranfported this jar
h'y means of a very flat veflel, into a quickfilver
ba,th in the bafnn BC, and I took care to ren-
de; the f urface of the mercury perfectly dry both
within and without the j Jar with blotting paper.
1 then pmwded a {mall capfuleof china-ware D,
very flat and open, in which I placed fome finall
pieces of i iton, turned fpirally, and arranged in
fuch a way as feemed moft favourable for the
combuftion being communicated to every part.

'];a the end of one of thefe pieces of iron was
fixed
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fixed ' 2 ‘fmall morfel of -tinder, to which WERe
added about the fixteenth part of a grain of
phofphorus, ‘and, by raifing the bell-glals a lit-
tle, the china capfule, with its contents, were
introduced into the pure air. I know that, by
this means, fome common air mult mix with
the pure air in the glafs ; but this, when it is
done dexteroufly, is fo very trifling, as not to in-
jure the fuccefs of the experiment. This being
done, a part of the air is fucked out from the
bell-glafs, by means of a fyphon GHI, fo as to
raile the mercury within the glafs to EF; and,
to prevent the mercury from getting into the
fyphon, a fmall-piece of paper is twifted round
its extremity. In fucking out the air, if the
~ motion of the lungs only be uféd, we cannot
~ make the mercury rife above an inch or an
inch and a half; but, by properly ufing the
‘muicles of the mouth, we can, without difficul.
ty, caule it to rife {ix or feven inches.

I next took an iron wire, (MN, Plate 1, 8
Fig. 16.) properly bent for the purpofe, and
making it red hot in the fire, pafled it through
the mercury into the receiver, and brought it
in contact with the fmall piece of phofphorus
attached to the tinder. The phiofphorus in-
ftantly takes fire, which communicates to the
tinder, and from that to the iron. When
the pieces have been properly arranged, the
whole iron burns, even to the laft particle,

. F throwing
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yoid this inconvenience, and to enfure fuccefs
to the experiment, one grofs and a half of iron
is fufficient to burn in a bell-glafs, which holds
about eight pints of air. The glafs ought like-
wife 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 poflible to deter-
mine, at one time, both the additional weight
acquired by the iron, and the changes which
have taken place in the air. If it is wifthed to af-
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 expe-
riment ¥,  After this, the {yphon (GH, PL 1V.
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, fo as to let
_the mercury fall to its level. This being done,

the bell-glals is to be carefully removed, the
globules

* It will likewife be neceffary to take care that the
air contained in the glats, both before and after the
experiment, be reduced to a common temperature and
preflure, otherwife the refults of the following calcnla-
tions will be fullacious;—E,
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globules of melted iron contained in the cup,
and thofe which have been fcattered about, and
fwim upon the mercury, are to be accurately
colletted, and the whole is to be weighed. The
iron will be found in that ftate called martial
ethiops by the old chemifts, poflefling a degree
of metallic brilliancy, very friable, and readily
reducible into powder, ‘under the hammer, or
with a peftle and mortar. If the experiment
has fucceeded well, from 100 grains of iron will
E:u: obtained 135 or 136 grains of ethiops, which
1s 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 exaétly 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 exatly 7o cubical inches ; and
it will be found, in the fequel, that the weight
of vital air is pretty nearly half a grain for each
cubical inch ; fo that, in effect, the augmenta-
tion of weight in the one exaly coincides with
the lofs of it in the other.

I {hall obferve here, once for all, that, in eve-
ry experiment of this kind, the preflure and
temperature of the air, both before and after
the experiment, muft be reduced, by calcula-
tion, to a common ftandard of 10° (54.5°) of

the thermometer, and 28 inches of the barome-
: ter.
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ter. Towards the end of this work, the man
ner of performing this very neceflary reduction

will be found accurately detailed.
If it be required to examine the nature of the

" air which remains after this experiment, we
muft operate in a {omewhat different manner.
After the combuftion is finithed, and the veflels
have cooled, we firit take out the cup, and the
burnt iron, by introducing the hand through
the quickfilver, under the bell-glafs ; we next
introduce fome folution of potath, or cauftic al-
kali, or of the fulphuret of potafh, or {fuch other
fubftance as is judged proper for examining
their attion upon the refiduum of air. I Jhall,
in the fequel, give an account of thefe methods
of analyfing air, when I have explained the na-
ture of thefe different fubltances, which are only -
here in a manner accidentally mentioned. Af.
ter this examination, fo much water muft be
let into the glafs as will difplace the quickfil-
ver, and then, by means of a fhallow difh placed
below the bell-glafs, it is to be removed into
the common water pneumato-chemical appara-
tus, where the air remdining may be examined
at large, and with great facility.

When very foft and very pure iron has been
employed in this experiment, and, if the coms
buftion has been performed in the pureft refpi-
rable or vital air, free from all admixture of the
noxious or mephitic part, the air which remains

after
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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 fteel. It is
A likewife exceedingly difficult to procure the pure
air perfectly free from fome admixture of me-
§ phitis, with which it is almoft always contami-
" nated ; but this fpecies of noxious air does not,
in the fmalleft degree, difturb the refult of the
r

-
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experiment, as it is always found at the end
‘ exatly in the fame proportion as at the begin-
I ning. :
‘ I mentioned before, that we have two ways
‘ of determining the conftituent parts of atmo-

l _ fpheric air, the method of analyfis, and that by
i fynthefis. The calcination of mercury has fur- |
! nifthed us with an example of each of thefe me-
| thods, fince, after having robbed the refpirable
i part of its bafe, by means of the mercury, we -

+ have reftored it, fo as to recompofe an air pre-
cifely fimilar to that of the atmolphere. But
we can equally accomplith this {ynthetic compo-

1 fition of atmolpheric air, by borrowing the ma-
1l terials of which it is compofed from different
i kingdoms of nature. We fhall fee hereafter
" | that, when animal fubltances are diflolved in

i d the nitric acid, a great quantity of gas is difen-
li | gaged, which extinguifhies light, and is unfit
| for animal refpiration, being exactly fimilar to
|] ! the noxious or mephitic part of atmofpheric air.
'l . And, if we take 73 parts, by weight, of thisﬁa-
| laftic
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laftic fluid, and mix it with 27 parts of highly
refpirable air, procured from calcined mercury,
we will form an elaftic fluid precifely fimilar to
atmofpheric 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 part, 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
1s of far greater confequence than their num-
ber.

I fhall clofe this article, by pointing out the
property which atmofpheric air, and all the
known gaffes, poflefs of diffolving water, which
is of great confequence to be attended to in
all experiments of this nature.” Mr Sauflure
found, by experiment, that a cubical foot of at-
mofpheric air is capable of holding 12 grains
of water in folution ; Other gaffes, as the car-
bonic acid, appear capable of diflolving a great-
er quantity ; but experiments are f1ill wanting
b}r which to determine their feveral proppre-
tions. .This water, held in folution by gaffes,
gives _nfe to particular phenomena in many
experiments, which require great attention,
and which has frequently proved the fource of

great errors to chemifts in determining the re-
fults of their experiments,

CHAP,
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fary with refpeft to water reduced to the ftate
of vapour by an additional dofe of caloric ; fince
thofe perfons who do not make a particular
ftudy of objects of this kind, are ftill ignorant
that water, when in a temperature only a little
above the boiling heat, is changed into an elaf-
tic aériform fluid, fufceptible, like all other gaf-
fes, of being received and contained in veffels,
and preferving its gafleous form fo long as it
remains at the temperature of 8o° (212°), and
under a preflure not exceeding 28 inches of the
mercurial barometer. As this phenomenon has
not been 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 evapo-
rate 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 : Thefe were not known to arife
from the combination of caloric with certain
bafes ; and, as they had not been {een either in
the liquid or folid ftates, their exiftence, under
thefe forms, was even unknown to natural phi-
tofophers.

G i

* In Englifh; the word feam is exclufively appros
priated to water in the fate of vapour, E. :
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- We have not pretended to make any alteras
tion upon fuch terms as are fanétified by ancient
cultom; and, therefore, continue to ufe the words
water and ice in their common acceptation: We
likewife retain the word air, to exprefs.that col-
letion of elaftic fluids which compofes our at-
mofphere; but we have not thought it necef-
fary to preferve the fame refpe&t for medern
terms, adopted by latter philofophers, having
confidered ourfelves as at liberty to rejet fuch
as appeared liable to occafion erroneous ideas
of the fubftances they are meant to exprefs, and
either to fubftitute new terms, or to employ
the old ones, after modifying them in fuch a
manner as to convey more determinate ideas.
New words have been drawn, chiefly from the
Greek language, in fuch a manner as to make
their etymology convey fome idea of what was
meant to be reprefented; and thefe we have
always endeavoured to make fhort, and of fuch
a nature as to be changeable into adjectives and
verbs,

Following thefe principles, we have, after Mr
Macquer’s example, retained the term gas, em-
ployed by Vanhelmont, having arranged the nu~
merous clafs of elaftic aériform fluids ander that
name, excepting only atmofpheric air. Gas,
therefore, in our nomenclature, becomes a ge-
fieric term, exprefling the fulleft degree of fa-
turation in any body with caloric ; being, in

falt,
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faly, aterm expreflive of a mode of exiftence.
To diftinguifh each fpecies of gas, we employ a
fecond term from the name of the bafe, which,
faturated with caloric, forms each particular gas.
Thus, we name water combined to faturation
with calorie, fo as to form an elaftic fluid, ague-
ous gas ; ether, combined in the fame manner,
etherial gas ; the combination of alkchol with
caloric, becomes alkobolic gas ; and, following
the fame principles, we have muriatic acid gas,
ammaniacal gas, and fo on of every fubftance
fufceptible of being combined with caloric, in
fuch a manner as to allume the gafleous or elal-
tic acriform f{late.

We have already feen, that the atmofpheric
air is compofed of two gafles, or aériforn fluids,
one of which is capable, by refpiration, of con-
tributing to animal life, and in which metals
are calcinable, and combulflible bodies may
burn; the other, on the contrary, is endowed
with direCtly oppofite qualities; it cannot be
breathed by animals, ncither will it admit of
the combuftion of inflammable bodies, nor of
the calcination of ‘metals. 'We have given to
the bafe of the former, or refpirable portion of
the air, the name of oxygen, from oivs, acidum.
and yemauai gignor; becaufe, in reality, one of
the molt general properties of this bafe is to
form acids, by combining with many different
fubftances. * "The union of this bafe with calo-

ric
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the other alkalies ; befide, it is proved to coms
pofe a part of the nitric acid, which gives as,
good reafon to have called it nitrigen. For thele
reafons, finding it neceflary to rejett any name
upon fyltematic principles, we have confidered
that we run no rifk of miftake in adopting the
terms of - azote, and azotic gas, which ﬂnly €X-
prefs a matter of fact, or that property which it
poflefles, of depriving fuch animals as breathe it
of their lives.

I thould anticipate fubjets more properly re-
ferved for the fubfequent chapters, were Iin
this place to enter upon the nomenclature of the
feveral fpecies of gafles: It is fuficient, in this

~ part of the work, to eftablifth 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 appropri-
ate term, the names of all its compounds derive
zeadily, and neceffarily, from this firft denomis

P:"‘Fiﬂn.- i

CHAPR
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wital air, is mixed, in different proportions, with

azotic gas. 1053 |
Having filled a bell-glafs (A. Pl iv. fig. 2)x
of between five and fix pints meafure, with oxy-
gen gas, 1 removed it from the water trough,
where it was filled, into the quickfilver bath,
by means of a fhallow glafs difh flipped under-
neath, and having dried the mercury, I introdu-
ced 6121 grains of Kunkel’s phofphorus in two
little China cups, like that reprefented at D,
fig. 3. under the glafs A; and that I might fet
fire to each of the portions of phofphorus {epa-
rately, and to prevent the one from catching
 fire from the other, one of the difhes was cover~
ed with a piece of flat glafs. I next raifed the
quickfilver in the bell-glafs up to EF, by fuc-
king out a fufficient portion of the gas by
. means of the {fyphon G HI. After this, by
means of the crooked iron wire (fig. 16.), made
red hot, I fet fire to the two portions of phof-
phorus fucceflively, firft burning that portion
which was not covered with the piece of glafs.
The combuftion was extremely rapid, attended
with a very brilliant flame, and confiderable dif-
engagement of light and heat. In confequence
of the great heat induced, the gas was at firft
much dilated, but foon after the mercury re-
turned to its level, and a conliderable ablorp-
tion of gas took place; at the fame time, the
whole
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ghofphorus require 154 parts of oxygen for fa-
guration, and that this combination will preduce
254 parts of concrete phofphoric acid, in form
of white fleecy flakes.

This experiment proves, in the molt convin.
cing manner, that, at a certain degree of tem-
perature, oxygen poflefles a ftronger eleétive at-
traltion, or affinity, for phofphorus than for ca-
joric; that, in confequence of this, the phol-
phorus attralts the bafe of oxygen gas from the
caloric, which, being fet free, fpreads itfelf over
the furrounding bodies. But, though this ex-
periment be fo far perfeétly conclufive, it is not
fufficiently rigorous, s, in' the apparatus de-
{cribed, it is impofiible te afcertain the weight
of the flakes of concrete acid which are formed;
‘we can therefore only determine this by calca.
lating the weights of oxygen and phofphorus
employed ; but as, in phyfics, and in chemiftry,
it is not allowable to fuppofe what is capable of

- being afcertained by dire& experiment, 1 thought
it neceflary to repeat this experiment, as follows,
upon a larger fcale, and by means of a different

apparatus.

~ Ttook alarge glafs baloon (A. Pl iv. fig. 4.)

with an opening three inches diameter, to which
was fitted a cryftal ftopper ground with emery,
and pierced with two holes for the tubes yyy,

xxx. Belore fhutting the baloon with its itop-

per; Iintroduced the fypport BC, furmounted
H by
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~ quite opake. The quantity of thefe flakes at
laft became fo abundant, that, although frefh
 oxygen gas was continually fuppii:;d, which
ought to have fupported the combutftion, yet the
phofphorug was foon extinguifhed. Having al-
lowed the apparatus to cool completely, 1 firlt
afcertained the quantity of oxygen gas employ-
ed, and weighed the baloon accurately, before
it was opened. I next wafhed, dried, and
‘weighed the fmall guantity of phofphorus re-
maining in the cup, on purpofe to determine the
whole guantity of phofphorus confumed in the
experiment 3 this refiduum of the -phofphoras

- was of a yellow ochrey colour. It is evident,

that by thefle feveral precautions, I could eafily
determine, 1it, the weight of the pholphorus .
confumed ; 2d, the weight of the flakes pro-
duced by the combultion ; and, 3d, the weight-
- of the oxygen which had combined with the
phofphorus. This experiment gave very 'ném‘ly
the fame refults with the formier, as it proved
that the phofphorus, during its combuftion, had
abforbed a little more than one and a half its
weight of oxygen; and | learned with more
certainty, that the weight of the new fubftance,
produced .in the experiment, exaltly equalled
the fum of the weights of the phofphorus con.
fumed, and oxygen ablorbed, which indeed was
eafily determinable ¢ priori, If the nxfgen gas
employed be pure, the refiduum after combuf-
tion
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"I have already fhown, that phofphorus is
changed by combuftion into an extremely light,
white, flakey matter; and its properties  are
entirely altered by this transformation : From
being infoluble in water, it b_e:f:umes not only
foluble, but fo greedy of moilture, as to attradt
the humidity of  the air with aftonifhing rapidi-
ty ; by this means it is converted into a liquid,
confiderably more denfe, and of more fpecific
gravity than water. In the {tate of phofphorus
before combultion, it had fcarcely any fenfible
tafte, by its union with oxygen it acquires an
extremely fharp and four tafte: in a word,
from one of the clafs of combuftible bodies, it
is changed into an incombuftible fubltance,

and becomes one of thofe bodies calied acids.
‘This property of a combuftible fubftance to
be converted into an acid, by the addition of
oxygen, we fhall prefently find belongs to a
great.-number of bodies : Wherefore, {tri&t lo-
gic requires that we fhould adopt a common
term for indicating all thefe operations which
produce analogous refults ; this is the true way
to fimplify the ftudy of {cience, as it would be
quite impoflible to bear all its {pecifical details
in the memory, if they were mot claflically
arranged. - For this reafon, we fhall diftinguifh
this converfion of phofphorus inte an acid, by
its union with oxygen, and in general every
combination of oxygen with a combuflible fub-.
flance,
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[ Charcoal, which, from all our fji"e?fent Know-
~ ledge regarding it, muft be‘confidéred hs a3ﬁ_ii‘r-i
_ ‘ple combuftible body, has likewife the property

of decompofing oxygen gas, by ablorbing “its

bafe from theccaloric: But the acid refulting
from this combuftion does not condenfe in the
common. temperature ;3 under the preflure of
“our ‘atmolphere, ‘it remains in the ftate of ‘gas,
and requires ‘a large proportion ‘of water ‘to

‘combine with or be diffolved in. This acid

‘has, however, all the known properties of other
“acids, . though “in a’ weaker degree, and coma

bines, like them, with all the bafes which are fuf-

‘ceptible of forming neutral falts.
~++ The combuftion of charcoal in oxygen gas,
may be effected 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 {mall morfel of tinder, with a mi-
nute particle of phofphorus, in the fame mannes
- as directed in the experiment for the combuf-
tion of iron. A detailed account of this €X=
periment will be found in the memoirs of the
academy for 1781, p. 448. By that experi-
ment it appears, that 28 parts by weight of
charcoal require 72 parts of oxygen for fatura-
tion, and that the aériform acid produced is
urem[‘ely equal in weight to the fum of the
weights of the charcoal and oxygen: gas em-
pln]rad
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amples. When fulphur is combined with a
{mall proportion of oxygen, it forms, in this
firlt or lower degree of oxygenation, a volatile
acid, having a penetrating odour, and poflefled
of very particular qualities. By a larger pro-
portion of oxygen, it is changed into a fixed,
heavy acid, without any odour, and which, by
combination with other bodies, gives produéts
quite different from thofe furnithed by the for-
mer. In this inftance, the principles of our no-
menclature feem to fail ; and it feems difficult
to derive fuch terms from the name of the acidi-
fiable bafe, as {hall diftinétly exprefs thefe two
degrees of faturation, or oxygenation, without
circumlocution. By reflection, however, upon
the fubje, or perhaps rather from the neceflity -
~of the cafe, we have thought it allowable to ex-
prefs thefe varieties in the oxygenation of the
-acids, by fimply varying the termination of their
fpecific names. The volatile acid produced
from fulphur was anciently known to Stahl un-
der the name of Sulpburous acid *. We have

pre-

* The term formerly ufed by the Englith chemifls
for this acid was written Julpbureous ; but we have
_ thought proper to {pell it as above, that it may better
conform with the fimilar terminations. of nitrous, car-
bonous, &c. to be ufed hereafter. In general, we
have ufed the Englifh terminations ic and ons to trane
flate the terms of the Author which end with igue and
ewr, with ‘hardly any other alterations,—E,
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'pames were adopted ‘for ‘the two, which have
not the fmalleft connedtion ; and thus, not only
the memory became burthened with ufelefs ap-
pellations, but even the minds of ftudents, nay

~even of expenenced chemifts, became filled

~with falfe ideas, which time and refle&ion alone
is capable of eradicating. We may give an in-
ftance of this confufion with refpect to the acid
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 ‘produced ‘it ; and they were
then ignorant that the acid procured from ful.
phur by combuftion was exaltly the fame,
©7-The fame thing happened with the aéri-
form acid formerly called fixed air; it not

-being known that this acid was the refult of
combining charcoal with uxj;rgen ‘a variety of
denominations have been given to ' it, fiot one
of which conveys juft ideas of its nature or ori-
‘gins '« We have found it extremely eafy to cor-
rect and modify the ancient language with re-
ipet to thefe acids proceeding from known
bafes, having converted the name of witriskic -
cid into that of fulphuric, and the name of fixed
air into that of carbonic acid ; but it is impof-
fible to follow this plan with the acids whofe ba-
fes are [tll unknown ; with thefe we have been
thged to ufe a contrary plan, and, inftead of
fprmmg the name of the acid from that of its

bale,
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of the gas ﬂa:ckens, a gentfe ‘heat is apphed'
fo the tetort, and gr-zuiu:auII},r increafed till n-:;-'_
thing more paﬂ’es over. This acid gas ] has a
very {trong affinity with vmter, which abfc:-rhs
an enormous quantity of it,” as is proved by in-
troducing a very thin layer of water into the
glafs which contains the gas ; for, in aninftant,
the whole acid gas difappears, and combines
with the water. i |
This latter circumftance is taken advantage
of in laboratories and manufactures, on purpofe
to obtain the acid of fea-falt in a liquid form ;
and for this purpofe the apparatus (PL IV,
Fig. 1.) is employed. It confifts, it, of a tu-
bulated retort A, into which the fea-falt, and af.
ter it the fulphuric acid, are introduced through
the opening H; 2d, of the baloon or recipient
¢, b, intended for containing the fmall quantity
of liquid which paffes over during the procefs ;
and, 3d, of a fet of bottles, with two mouths,
L,L, L, L, half filled with water, intended for
abforbing the gas difengaged by the diftilla-
tion. This apparatus will be more amply de-
feribed in the latter part of this work.
Although we have not yet been able, either
to compofe or to decempound this acid of fea-
falt, we cannot have the fmalleft doubt that it
Iike all other acids, is compofed by the union
of oxygen with an acidifiable bafe. We have
therefore called this unkmown fubftance the
THurians
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muriatic bafe, or muriatic radical, deriving this

name, after the example of Mr Bcrgrium and
Mr de Morveau, from the Latin word muria,
which was arciently ufed to fignify fea-falt.
Thus, without being able exaélly 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 acidifiable bafe adheres fo ve-
ry intimately with oxygen, that no method has
hitherto been devifed for feparating them. If
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 common with fulphuric acid, and feveral

~other acids, [the muriatic is capable of different

degrees of oxygenation ; but the excefs of OxXy-
gen produces quite contrary effets upon it from
what the fame circumftance produces upon the
acid of fulphur. The lower degree of oxyge-
nation converts fulphur into a volatile gafleous
acid, whichsonly mixes in fmall proportions with
water, whillt a higher oxygenation forms an a.
cid pofleflingmuchftronger acid properties, whick
is very fixed and cannot remain in the {tate of
gas but in a very high temperature, which has

ng
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go fmell, and which mixes in large propor~
tion with water.  'With muriatic acid, the di-
rek reverfe takes place; an additional fatura-
tion with oxygen renders it more volatile, of
a- more penetrating odour, lefs mifcible with
water, and diminifhes ifs acid properties.. We
were at firlt inclined to have denominated thefe
two- degrees of faturation in the fame manner
as we had done with the acid of fulphur, calling
the: lefs oxygenated muriatous acid, and that
which is more faturated with oxygen muriatic
acid : But, as this latter gives very particular
refults in its combinations, and as nothing ana-
logous to it is yet known in chemiftry, we have
left the name of muriatic acid to the lefs fatu-
rated, and give the latter the more compounded
appellation of oxygenated muriatic acid.

Although the bafe or radical of the acid
which is extrafted from nitre or faltpetre be
better known, we have judged proper only
to modify its name in the fame rmanner
with that of the muriatic acid. Itis drawn
from nitre, by the intervention of fulphuric
acid, by a procefs fimilar to that defcribed
~ for extracting the muriatic acid, and by means
of the fame apparatus (Pl 1V. Fig. 1.). In
propottion as the acid pafles over, it isin part:
condenfed in the baloon or recipient, and the
reft is abforbed by the water contained in the
bottles L, L, L, L ; the water becomes firft green,

X then
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¢id, we thought it improper to call it nitric ra.
dical.. 'We have therefore continued the term
of azote to the bale of that part of atmolpheric
air which is likewife the nitric and ammoniacal
radical ; and we have named the acid of nitre,
in its Jower and higher degrees of oxygenation,
aitrous acid in the former, and nitric acid in the
latter ftate ; thus preferving its former appella-
tion properly modified.

Several very refpectable chemifts have difap-
proved of this deference for the old terms, and
- wifhed us to-have perfevered in perfecting a
new chemical language, without paying any re-
fpect for ancient ufage ; fo that, by thus {teer-
ing a kind of middle courfe, we have expoled
ourfelves to the cenfures of one fect of chemifts,
and to the expoftulations of the oppofite party.

The acid of nitre is fufceptible of afluming a
great number of feparate ftates, depending up-

on its degree of oxygenation, or upon the pro-
portions in which azote and oxygen enter into
its compofition. By a firft or loweft degree of
oxygenation, it forms a particular fpecies of
gas, which we ‘fhall continue to name nitrous
gas ; this is compofed nearly of two parts, by
- weight, of oxygen combined with one part of
azote ; and in this ftate it is not mifcible with
water. 'In this gas, the azote is by no means
{aturated with oxygen, but, on the contrary, has

il
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an earthy pulverulent matter. In this ftate me-
tals muft not be confidered as entirely faturated
with oxygen, becaule their altion upon this ele-
ment is counterbalanced by the power of aflinity
between it and caloric. During the calcination
of metals, the oxygen is therefore ated upon
by two feparate and oppofite powers, that of its
attraction for caloric, and that exerted by the
metal, and only tends to unite with the latter in
confequence of the excefs of the latter over the
former, which is, in general, very inconfider-
able. Wherefore, when metallic fubftances are
oxygenated in atmofpheric air, or in oxygen
gas, they are not converted into acids like ful-
phur, phofphorus, and-charcoal, but are only
changed into intermediate fubftances, which,
though approaching to the nature of falts, have
not acquired all the faline properties. The old
chemifts have affixed the name of calx not only
to metals in this ftate, but to every body which
has been long expoled to the action of fire with-
out being melted. They have converted this
word calx into a generical term, under which
they confound calcareous earth, which, from a
neutral falt, which it really was before calcina.
tion, has been changed by fire into an earthy
alkali, by lofing half of its weight, with metals
which, by the fame means, have joined them-
felves to a new fubftance, whofe quantity often
exceeds half their weight, and by which they

have’
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without converting them into acids, caufes them
to approach to the nature of falts. Thus, we give
the name of oxyd of fulphur to that foft fubftance
into which fulphur is converted by incipient
combuftion ; and we call the yellow matter left
by pholphorus, after combuftion, by the name
of oxyd of phofphorus. In the {ame manner, ni-
trous gas, which is azote in its firlt degree of
oxygenation, 1s the oxyd of azote, We have like-
wife oxyds in great numbers from the vegetable
and animal kingdoms ; and I fhall how, in the
fequel, that this new language throws great
light upon all the operaticns of art and nature,

We have already obferved, that almoft all
the metallic oxyds have peculiar and permanent
colours. ‘Thefe vary not only in the different
Ipecies of metals, but even according to the va-
rious 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

7 the

* Here we fce the word oxyd converted into the
wverb fo oxydate, oxydated, oxydating, after the fame man-
ner with the derivation of the verb #2 oXygenate, oxygena-
ted, oxygenating, from the word oxyger. 1 am not clear
of the abfolute neceflity of this fecond verb here firft
introduced, but think, in a work of this nature, that ir
is the duty of the tranflator to negleét every other con-

fideration for the fake of fAridt fidelity to the ideas of
his author.—E.
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C o Hb R aliy b VI

Of the Radical Principle of Water, and of its Dea
compofition 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 5 or, at lealt,
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 detailed
in the Memoirs of the Academy for 1781, but
fhail only bring forwards 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 impartially.

Experiment Firf2.

Having fixed the glafs tube EF, (PL. vii, fig.
11.) of from 8 to 12 lines diameter, acrofs a
furnace, with a fmall inclinatien from F to E,

I»-\.Le
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lute the fuperior extremity E to the glafs retort
A, containing a determinate quantity of diftilled
water, and to the inferior extremity F, the
worm S8 fixed into the neck of the doubly tu-
bulated bottle H, which has the bent tube KK
adapted to one of its openings, in fuch a man-
ner as to convey fuch aériform fluids or gaffes
as may be difengaged, during the experiment,
into ' a proper apparatus for determining their
quantity and nature.

To render the fuccefs of this experiment cer-

tain, it is neceflary that the tube EF be made of .

well annealed and difficultly fufible glafs, and
that it be coated with a lute compolfed of clay
mixed with powdered ftone.ware; befides which,

it muft be fupported about its middle by means -

of an iron bar pafled through the furnace, left
it fhould foften and bend during the experiment.
A tube of China-ware, or poreellain, would an-
{wer better than one of glafs for this experi-
ment, were it not diflicult to procure one fo en-
tirely free from pores as to prevent the paflage
of air or of 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 melf ; and, at the fame time,
{fuch a fire is kept up in the furnace VVXX, as
to keep the water in the retort A continually

boiling.

In

_ d
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In proportion as the water in the retort A is
evaporated, it fills the tube EF, and drives out
the air it contained by the tube KK ; the aque-
ous gas formed by evaporation is condenfed by
cooling in the worm SS, and falls, drop by drop,
into the tubulated bottle H. Having continued
this operation until all the water be evapora-
ted from the retort, and having carefully emp-
tied all the veflels employed, we find that a
quantity of water has paffed over into the bot-
tle H, exaétly equal to what was before contain-
ed in the retort A, without any dilengagement
of gas whatfoever: So that this experiment
turns out to be a fimple diftillation ; and the re-
fult'would have been exaétly the fame, if the
water had been run from one veffel into the
other, through the tube EF, without having un.
dergone the intermediate incandefcence.

Experiment Second.

The apparatus being difpofed, as in the for-
mer experiment, 28 grs. of charcoal, broken in.
to moderately fmall parts, and which has pre-
vioufly been expofed for a long time to a red
heat in clofe veffels, are introduced into the tube
EY. Lvery thing elfe is managed as in the pre.
ceding experiment.

The water contained in the retort A is diftil-
led, as in the former experiment, and, being

condenfed




8¢ ELEMENTS

condenfed in the worm, 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 re-
maining in the tube EF; the 28 grs. of charcoal
having entirely difappeared.

When the difengaged gafles are carefully ex-
amined, they are found to weigh 113.7 grs. *;
1 thefe are of two kinds, viz. 144 cubical inches
e of carbonic acid gas, weighing 100 grv. and 380
| «cubical inches of a very light gas, weighing on-

|
|

..__.._____,._

ly 13.7 grs. which takes fire when in contact

| with air, by the approach of a lighted body;
| and, when the water which has paflfed over into

| the bottle H is carefully examined, it is found
1 to have loft 85.7 grs. of its weight. Thus, in
: this experiment, 85.7 grs. of water, joined to 28
grs. of charcoal, have combined in fuch a way
G i as to form 100 grs. of carbonic acid, and 13.7
| grs. of a particular gas capable of being burnt.
I have already fhown, that 100 grs. of carbo~
nic acid gas confifts of 72 grv. of oxygen, com-
B bined with 28 grs. of charcoal; hence the 28

1
'j R g?'ft

, * In the latter part of this work will be found a
il -particular account of the procefles neceffary for fepa-
E rating the different kinds of gaﬁ;':s, and for determin-
T #* ing their quaititics.—A:

|
|
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grs. of charcoal placed in the glafs tube have
~ acquired 72 grs, of oxygen from the water; and
it follows, that 85.7 grs. of water are compoled
of 72 grs. of oxygen, combined with 13.7 grs.
of a gas fufceptible of combuftion. We {fhall
{ee prefently that this gas cannot poflibly have
been difengaged from the charcoal, and mulft,
confequently, have been produced from the wa-
ter.

I have fupprefled fome circumftances- in the
abeve account of this experiment, which would
only have complicated and obfcured its refults
in the minds of the reader. For inftance, the
inflammable gas diflolves a very finall part of
the charcoal, by which means its weight is fome-
what augmented, and that of the carbonic gas
proportionally diminifhed. Altho’ the alteration
produced by this circumftance is very inconfide-
rable; yet I have thought it neceflaty to deter-
mine its effets by rigid calculation, and to re-
port, as above, the refults of the experiment in
its fimplified {tate, as if this circumftance had
not happened. At any rate, thould any doubts
remain refpecting the confequences I have drawn
from this experiment, they will be fully diffi-
pated by the following experiments, which I am
going to adduce in fupport of my opinion.

Experiment
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compofed, 85 grs. of oxygen have combined
with the iron, fo as to convert it into the ﬁat;
of black oxyd, and 15 grs. of a peculiar inflam-
mable gas are difengaged : From all this it clear-
1y follows, that water is compoled of oxygen
combined with the bafe of an inflammable gas,
in the refpetive proportions of 85 parts, by
weight of the former, to 15 parts of the latter.
Thus water, befides the oxygen, which is one
of its elements in common with many other
fubftances, contains another element as its con-
ftituent bafe or radical, and for which we muft
find an appropriate term. None that we could
_ think of feemed better adapted than the word
hydrogen, which fignifies the generative principle
of water, from o agua, and yevopa gignor *.
We call the combination of this element with
caloric bydrogen gas ; and the term hydrogen

exprefles the bafe of that gas, or the radical of
‘water.

M : g

* This expreflion Hydrogen has been very feverely
criticifed by fome, who pretend that it fignifies engen-
dered by water, and not that which engenders water,
The experiments related in this chapter prove, that,
when water is decompofed, hydrogen is produced,
and that, when hydrogen is combined with oxygen,
water is produced: So that we may fay, with equal
truth, that water is produced from hydrogen, or hy-
drogen is produced from water.—A.
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oxygen gas into a narrow mouthed bottle, we
fill it up with two parts of hydrogen gas, and
bring a lighted taper, or other burning body,
to the mouth of the bottle, the combuftion of
the two gaffes takes place inftantaneouily with
a violent explofion. This experiment ought
only to be made in a bottle of very ftrong green
glafs, holding not more than a pint, and wrap-
ped round with twine, otherwife the operator
will be expofed to great danger from the rup-
ture of the bottle, of which the fragments will
be thrown about with great force.

If all that has been related above, concerning
the decompofition of water, be exactly conform-
able to truth ;—if, as I have endeavoured to
. prove, that fubftance be really compofed of hy-
drogen, as its proper conftituent element, com-
bined with oxygen, it ought to follow, that, by
reuniting thele two elements together, we fhould
- recompofe water; and that this a&ually hap.
pens may be judged of by the following experi-
ment.

. Experiment Fourth,
/

I took a large criftal baloon, A, PL iv. fig, .
holding about 30 pints, having a large opening,
to which was cemented the plate of copper BC,
pierced with four holes, in which four tubes
terminate. The firft tube, H h, is intended to

- be
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muft only be reduced to a coarfe powder, leit
they run into lumps, and prevent the gafles from
geting through their interftices.

We muft be provided before hand with a fuf-
ficient quantity of oxygen gas, carefully puri-
fied from all admixture of carbonic acid, by
long contact with a folution of potaih *.

We muft likewife have a double quantity of
hydrogen gas, carefully purified in the fame
manner by long contact with a folution of pot-
ath in water. The beft way of obtaining this
gas free from mixture is, by decompofing water
with very pure foft iron, as direted in Exp. 3.
of this chapter.

Having adjufted every thing properly, as a-
bove directed, the tube H h is adapted to an air-
pump, and the baloon A is exhaufted of its air.
We next admit the oxygen gas fo as to fill the
baloon, and then, by means of preflure, as is
before mentioned, force a fmall fiream of hy-
drogen gas through its tube D d’, which we
immediately fet on fire by an eleétric fpark. By
means of the above defcribed apparatus, we can

continue

* By potafh is here meant, pure or cauftic alkali,
deprived of carbonic acid by means of quick-lime: In
general, we may obferve here, that all the alkalies and

+ earths mult invariably be confidered as in their pure
or caultic ftate, unlefs otherwife exprefled.—E. The
method of obtaining this pure alkali of potafh will be
given in the fequel.—A.
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demy. We exerted the moft {crupulous atten.
tion to its accuracy ; and have reafon to believe
that the above propofitions cannot vary a two
hundredth part from abfolute truth,

- From thele experiments, both analytical and
{ynthetic, we may now affirm that we have al-
certained, with as much certainty as is poflible
in phyfical or chemical fubjects, that water is
not a fimple elementary fubftance, but is coma.
poled of two elements, oxygen and hydrogen ;
which elements, when exilting feparately, have
fo ftrong 'aﬂinit}r for caloric, as only to fubfGft
under the form of gas in the common tempe-
. rature and preffure of our atmofphere.

This decompofition and recompofition of wa-
ter is perpetually operating before our eyes, in

~ . the temperature of the atmolphere, by means of

compound elective attrattion. We fhall pre-
Aently fee that the phenomena attendant upon
-vinous fermentation, putrefaGtion, and even
vegetation, are produced, at leaft in a certain
degree, by decompofition of water, It is very
extraordinary that this faét fhould have hitherto
‘been overlooked by natural philofophers and
chemifts : Indeed, it ftrongly proves, that, in
chemiltry, as in moral philofophy, it is extreme-
ly difficult to overcome prejudices imbibed in
early education, and to fearch for truth in any

.other road than the one we have been accultoms
ed to follow,




% ELEWMENTS

I fhall finifh this chapter by an experiment
much lefs demonitrative than thofe already re-
lated, but which has appeared to make more im-
preflion than any other upon the minds of many
people. 'When 16 ounces of alkohol are burnt
in an apparatus * properly adapted for collec-
ting all the water difengaged during the com-
buftion, we obtain from 1% to 18 ounces of wa-
ter. As no fubftance can furnifh a produt lar-
ger than its original bulk, it follows, that fome-
thing elfe has united with the alkohol during its
combuftion ; and I have already thown that this
muft be oxygen, or the bafe of air. Thus al-
kohol contains hydrogen, which is one of the
elements of water; and the atmofpheric air con-
tains oxygen, which is the other element necef-
fary to the compofition of water. This experi-
ment is a new proof that water is a compound
fubftance. : '

CHAP.

* See an account of this apparatus in the third part
of this work.—A. :
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G Bl AP, IX.

Of the quantities of Caloric difengaged from diffe-
rent fpeciés of Combuftion.

I £ have already mentioned, that, when
any body is burnt in the center of a
hollow {iphere of ice and fupplied with air at
the temperature of zero (32°), the quantity of
ice melted from the infide of the fphere becomes
a meafure of the relative quantities of caloric
difengaged. Mr de la Place and I gave a de.
fcription of the apparatus employed for this kind
of experiment in the Memoirs of the Academy
for 1780, p. 355.; and a defcription and plate
of the {ame apparatus will be found in the third
part of this work. With this apparatus, phof-
phorus, charcoal, and hydrogen gas, gave the
tollowing refults ;
~ One pound of phofphorus melted 100 /its, of
ice. ‘
One pound of charcoal melted 96 libs. 8 o=.
One pound of hydrogen gas melted 295 fibs.
9 6% 35 gros.
As a concrete acid-is formed by the combuf-
tion of phofphorus, it is probable that very
little caloric remains in the acid, and, confe-

N quently,,
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fubfift in that ftate; the quantit}' of caloric
miffing in the laft experiment is evidently em-
ployed 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 quantity of caloric neceflary for
changing one pound of carbonic acid from the
concrete to the gafleous ftate, would be capable

of melting 20 /ibs. 15 oz.'5 gros 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 libs. 100z. §
gros 24 grs. of oxygen gas are abforbed, and
295 Jibs. 9 oz. 3% gres, of ice are melted. But
5 libs. 10 0z. 5 gros 24 grs. of oxygen gas, in
changing from the aériform to the folid ftate,
lofes, according to the experiment with phof+
phorus, -enough of caloric to have melted 377
kibs. vz oz. 3 gres of ice. There is only difen-
gaged, from the fame quantity of oxygen, du-
ring its combuftion with hydrogen gas, as much,
caloric as melts 29 libs. 2 oz 3% gros; where-
fore there remains in the ‘'water at Zero (32°),
formed, during this experiment, as much calo-
ric as would melt 82 lils. g oz, 7% gres of ice.
" Hence, as 6/ibs. 10 0z, 5.gros 24 grs; of wae
ter are formed from the combuflion of one
pound of hydrogen gas with s /ibs. 4o ¢z
S.E.Wf 24.grs. of ‘oxygen, it fullﬂw. that, in sach
' pound
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tion of one pound of phofphoricacid, 40.00000
The quantity remaining in each pound of phof-
phoric acid, ©.00000 ™.

Combuftion of Charcoal.

In the combuftion of one pound of charcoal,
2 libs. 9 0z. T gros 10 grs. of oxygen gas are
abforbed, and 3 /ibs. g oz. 1 gros 1o grs, of car-
bonic acid gas are formed. '
Calorie, difengaged during the combuftion
of one pound of chargoal, 96.50000 1.
Caloric difengaged during the combuftion of
charcoal, from each pound of oxygen gas ab-
forbed, W | 37.52823.
Caloric difengaged during the formation of
one pound of carbonic acid gas, 27.02024.
Caloric retained by each pound of oxygen
after the combuftion 29.13844
~Caloric neceffary for fupporting one pound
of carbonic acid in the ftate of gas  20.97960.

Coms

* We here fuppofe the phofphoric acid not to con.
tain any caloric, which is not firidly true; brt, as
5[ have before obferved, the quantity it reall Y contains
is probably very fmall, and we have not given it a va-
lue, for want of a fufficient data to go upon.—A,

T All thefe relative quantities of calorie are expreffed
by the nu_mber of pounds of ice, and decimal parts,
melted during the feveral operations.—E,
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{efled in the ftate of gas. It is certainly pof-
fible to determine the quantity of caloric which
is difengaged during the combination of thefe
two gafles, and confequently to determine what
quantity remains. after the combination takes
place. The firlt of thefe quantities might be
afcertained, by making the combination of the
two gaiTe.s in an apparatus furrounded by ice 5
but, as the quantity of caloric difengaged is
very inconfiderable, it would be neceflary to
operate upon a large quantity of the two gafles
in a very troublefome and complicated appara-
tus. . By this conﬁderauon, Mr de la Place and
Iha'.e hitherto been prevented from making
~ the attempt. . In the mean time, the place, of
fuch an experiment may. be fupplied by calcula-
tions, the refults of which cannot be very far
- from truth,

Mr de la Place and I deﬂagrated a conveni-
ent quantity of nitre and charcoal in an ice ap-
paratus, and found that twelve pounds of ice
were melted by the deﬂagratmn 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 zros 51. 84grs. = 4515.84 grov
s e e sl 19 e b 4700.16.

_fThe above qg;i.ntity. of dry acid is cﬂmpufe:i
0

Oxygen
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caufe of the great difengagement of caloric du-
ring the deflagrations of nitre ; or, more ftrit-
ly fpeaking, upon all occafions of the decompo-
fition of nitric acid.

Of the Combuftion of Wax.

Having examined feveral cafes of fimple
combuftion, I mean nowto give a few examples
of a more complex nature. One pound of wax-
taper being allowed to burn flowly in an ice
apparatus, melted 133 /ibs. 2 oz. 53 gros of ice.
According to my experiments in the Memoirs
of the Academy for 1784, p. 606, one pound,
of wax-taper confifts of 13 oz. 1 gros 23 grs.
of charcoal, and 2 ¢z. 6 gros 49 grs. of hydro.
gen. '

By the foregoing ex-
periments, the above
quantity of charcoal

ought to melt 79:39390 libs. of ice ;
and the hydrogen thould
melt . 52:37605

In all 131,76995 /ibs.

Thus, we fee the quantity of caloric difen-
gaged from a burning taper, is pretty exaltly
conformable to what was obtained by burning
feparately a quantity of charcoal and hydrogen
| O equal







OF CHEMISTRY. 107

ment above the calculated refult, from data fur-
nifhed by former experiments. i

This difference, 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
not being as yet exactly afcér_tained. It_PFD"{E_S: |
however, that there is a great agreement be-
tween the refults of our experiments, refpeting
the combination of caloric, and thofe which re-
gard its difengagement.

The following defiderata {till remain ¢o be de-
termined, viz. What quantity of caloric is re-
tained by oxygen, after combining with metals,
fo as to convert them into oxyds ; What quan-
tity is contained 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 refpect 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 once thefe feveral
points are well afcertained, which we hope they
will foon be, we fhall probably be under the ne-
ceflity of making confiderable correfions upon
moﬁ'{}f the refults of the experiments and cal.
culations in this Chapter. 1 did not, however,
confider this as a fufficient reafon for with-

holding
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OFf the Combination of Combuflible Subjlances with
each other. |

‘A 5 combuftible fubftances in general have
a great affinity for oxygen, they ought
likewife to attrat, or tend to combine with
each other ; guace funt eadem uni tertio, funt eaden
igter fé; and the axiom is found to be true.
Almoft all the metals, for inftance, are capable
of uniting with each other, and forming what
are called alloys*, in common language. Molt
of thefe, like all combinations, are fufceptible
of feveral degrees of faturation; the greater
number of thefe alloys are more brittle than the
- pure metals of which they are compofed, efpe-
cially when the metals alloyed together are con-
 fiderably different in their degrees of fufibility,
To this difference in fufibility, part of the phe.
nomena attendant upon allgyage are owing, pare
ticularly the property of iron, called by work.-

men

* This term a/lsy, which we have from tha language
of the arts, ferves exceedingly well for di&inguiﬂling
all the combinations or intimate unions of metals with

‘each other, and is adopted in our new nomenclature
for that purpofe.—A.
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men hoifbort. This kind of iron muft be con«
fidered as an alloy, or mixture of pure iron,
which 1s almoft infufible, with a fmall portion
of fome other metal which fufes in a much
lower degree of heat. So long as this alloy re-
mains cold, and both metals are in the folid
ftate, the mixture is malleable ; but, if heated
to a {ufficient degree to liquify the more fufible
metal, the particles of the liquid metal, which
-are interpofed between the particles of the me-
tal remaining folid, muft deftroy their continu-
ity, and occafion the alloy to become brittle.
The alloys of mercury, with the other metals,
have ufually been called amalgams, and we fee
no inconvenience from t:nntiuuiug the ufeof thats
term.

Sulphur, phofphorus, and charcual rcz.dlijl
unite with metals. Combinations uf fulphur
with metals are ufually named pyrites.  Their
combinations with phofphorus and charcoal are
either not yet named, or have received new
names only of late; fo that we have not {cru-
pled to change them according to our prin-
ciples.- The combinations of metal and fulphur
we call fulpburets, thofe with pholphorus pho/-
phurets, and thofe formed with charcoal carbu-
rets. Thefe denominations are extended to all
the combinations into which the above three
fubﬁances enter, without being previoully oxy-

| genated,
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geriated. Thus, the combination of fulphur
with potafh, or fixed vegetable alkali, is called
Julphuret of potafh ; that which it forms with
ammoniac, or volatile alkali, is termed f@lpburet
of ammoniac. A
‘Hydrogen is likewife capable of combining
with many combultible fubftances. In the ftate
of gas, it diflolves charcoal, fulphur, phofpho-
rus, and feveral metals ; we diltinguith thefe
combinations by the terms, carbonated bhydrogen
gas, fulphurated bydrogen gas, and phofpherated
bydrogen gas. 'The fulphurated hydrogen gas was
called bepatic air by tormer chemills, 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 pholphorated hydrogen
gas is remarkable for the property, difcovered
by Mr Gengembre, of taking fire fpontaneoufly
upon getting into conta& with atmofpheric air,
or, what is better, with oxygen gas. 'Lhis gas
has a {trong flavour, refembiing that of putrid
fith ; and it is very probable that the pholpho-
refcent quality of filh, in the Rtate of putrefac.
tion, arifes from the efcape of this fpecies of
gas. When hydrogen and charcoal are combi.
ned together, without the intervention of calo-
ric, to bring the hydrogen into the ftate of gas,
they form oil, which is either fixed or volatile,
adcording to the proportions of hydrogen and

char.
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caloric, be fufceptible of combination with ful-
phur, phofphorus, and the metals. There 1s
nothing that we know of, which, a. priori,
fhould render thefe combinations impofiible ;
for combuftible bodies being in general fufcep-
tible of combination with each other, there is
no evident reafon for hydrogen being an excep-
tion to the rule : However, no diret experi-
ment as yet eftablithes either the poflibility or
impoflibility of this union. Iron and zinc are
the moft likely, of all the metals, for entering
into combination with hydrogen ; but, as thefe
have the property of decompofing water, and
as it is very difficult to get entirely free from
moifture in chemical experiments, it is hardly
poflible to determine whether the fmall portions
of hydrogen gas, obtained in certain experi-
ments with thefe metals, were previoufly com-
bined with the metal in the ftate of folid ‘hydro-
gen, or if they were produced by the decompofi-
tion 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 procured ; and, when VEry accu-
rate precautions are employed, even that quan-
tity becomes hardly fenfible. :
However this Inquiry may turn out refpecting
the power of combuftible bodies, as fulphur,
phofphorus, and metals, to ablorb hydrogen,
we are certain that they only abforb a very fmall

P por-
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CH A P XL

Obfervations upow Oxyds and Acids with [feveral
Bafes—and upon the Gompofition of Animal and
Vegetable Subftances,

¥ X 7 E have, in Chap. V. and VIII. examin-

ed the produéts refulting from the com.
buftion of the four fimple combuftible fubftan-
ces, {ulphur, phofphorus, charcoal, and hydro-
gen: We have fhown, in Chap. X. that the
fimple combuftible fubftances are capable of
combining with each other into compound com-
buftible fubftances, and have obferved that oils
in general, and particularly the fixed vegetable
oils, belong to this clafs, being compofed of
hydrogen and charcoal. It remains, in this
chapter, to treat of the oxygenation of thefe
compound combuftible fubftances, and to fhow
that there exift acids and oxyds having double
and triple bafes. Nature furnifhes us with nu.
merous examples of this kind of combinations,
by means of which, chiefly, the is enabled to
produce a vaft variety of compounds from g

very limited number of elements, or fimple {ub.
ftances.

It
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bination of charcoal, phofphorus, hydrogen, and
azote. :

As it is but of late that I have acquired any
clear and diftin@ notions of thefe fubftances, I
fhall not, in this place, enlarge much upon the
fubject, which I'mean to treat of very fully in
fome memoirs I am preparing to lay before the
Academy. Molt of my experiments are already
performed ; but, to be able to give exact reports
of the refulting quantities, it is neceflary that
they be carefully repeated, and increaled in
‘number : Wherefore, I fhall only give a fhort
enumeration of the vegetable and animal acids
and oxyds, and terminate this article by a few
refletions upon the compofition of vegetable
and animal bodies.

Sugar, mucus, under which term we include
the different kinds of gums, and ftarch, are ve-
getable oxyds, having hydrogen and charcoal
combined, in different proportions, as their ra-
dicals or bafes, and united with oxygen, fo as
to bring them to the ftate of oxyds. From the
Atate of oxyds they are capable of being chana
ged into acids by the addition of a frefh quan-
tity of oxygen; and, according to the degrees
of oxygenation, and the proportion of hydrogen
and charcoal in their bafes, they form the feve-
tal kinds of vegetable acids.

It would be eafy to apply the principles of
our nomenclature to give names to thefe vege.’
table
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table acids and oxyds, by ufing the names of
the two fubftances which compofe their bafes :
They would thus become hydro-carbonous acids
and oxyds : In this method we might indicate
which of their elements exifted in excefs, with-
out circumlocution, after the manner ufed by
Mr Rouelle for naming vegetable extraéts ; He
calls thefe extratto-refinous when the extraltive
matter prevails in their compofition, and refinos
extraltive when they contain a larger propor-
tion of refinous matter. Upon that plan, and
by varying the terminations according to the
formerly eftablifhed rules of our nomenclature,
we have the following denominations: Hydro-
carbonous, hydro-carbonic; carbono-hydrous,
and carbono-hydric oxyds. And for the acids :
Hydro-carbonous, hydro carbonic, oxygenated
hydro-carbonic; carbono-hydrous, carbono-hy-
dric, and oxygenated carbono-hydric. It is
probable that the above terms would fuffice for
indicating all the varieties in nature, and that,
in proportion as the vegetable acids become well
- underftood, they will naturally arrange thems
{elves under thefe denominations. But, though
we know the elements of which thefe are com-
pofed, we are as yet ignorant of the pmpqrtinns
of thefe ingredients, and are ftill far from being
able to clafs them in the above methodical man-
rfér; wherefore, we have determined to ;eta;n A

| s by o B the
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the ancient names provifionally. I am fome-
what farther advanced in this inquiry than at
the time of publifhing our conjuntt eflay upon
chemical nomenclature ; yet it would be impro-
per to draw decided confequences from experi-
ments not yet {ufficiently precife : Though I ac-
knowledge that this part of chemiltry ftill re-
mains in fome degree obfcure, 1 muft exprefs
my expetations of its being very foon eluci-
dated.

I am {till more forcibly neceflitated to follow
the fame plan in naming the acids, which have
three or four elements combined in their bafes ;

of thefe we have a confiderable number from
~ the animal kingdom, and fome even from ve-

getable fubftances. Azote, for inftance, joined
to hydrogen and charcoal, form the bafe or ra-
dical of the Pruffic acid ; we have reafon to be-
lieve that the fame happens with the bafe of the
Gallic acid; and almoft all the animal acids have
their bafes compofed of azote, phofphorus, hy-
-drogen, and charcoal. Were we to endeavour
to exprefs at once all thefe four component parts
of the bafes, our nomenclature would undoubt-
edly be methodical; it would have the property
of bﬂiﬂg clear and determinate ; but this aflem-
blage of Greek and Latin fubftantives and ad-
jectives, which are not yet univerfally admitted
by chemifts, would have the appearance of a

barbarous
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of equilibrium only capable of exifting in the
ordinary temperature of the atmofphere; for,
when they are heated but a very little above
the temperature of boiling water, this equilibri-
um is deftroyed, part of the oxygen and hydro-
gen unite, and form water; part of the charcoal
and hydrogen combine into oil; part of the
charcoal and oxygen unite to form carbonic
acid; and, laftly, there generally remains a fmall
portion of charcoal, which, being in excefs with
refpect to the other ingredients, is left free. I
mean to explain this fubject fomewhat farther in
the fucceeding chapter.

The oxyds of the animal kingdom are hither-
to lefs known than thofe from the vegetable
kingdom, and their number is as yet not at all
determined. The red part of the blood, lymph,
and molt of the fecretions, are true oxyds, un-
der which point of view it is very important to
confider them. We are only acquainted with
fix animal acids, feveral of which, it is proa
bable, approach very near each other in their
nature, or, at leaft, differ only in a {carcely fen-
fible degree. I do not include the phofphoric
acid amongft thefe, becaufe it is found in all
the kingdoms of nature. They are,

1. Latic acid. 4. Formic acid,
2. Saccho-ladtic acid. 5. Sebacic acid.

. 3+ Bombic acid. 6. Pruflic acid.
% 28 The
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Cot B Bk s il

Of the Decompofition of Vegetable and Animal Subs
Jtances by the Altion of Fire.

EFORE we can thoroughly comprehend
what takes place during the decompofi-
tion of vegetable fubltances by fire, we muit
take into confideration the nature of the ele-
ments which enter into their compofition, and
the different affinities which the particles of thefe
elements exert upon each other, and the affini-
ty which caloric poffeffes with them. The true
conftituent elements of vegetables are hydro-
gen, oxygen, and charcoal : Thele are common
to all vegetables, and no vegetable can exift
without them: Such other fubftances as exift
in particular vegetables are only effential to the
compofition of thofe in which they are found,
and do not belong to vegetables in general.
Of thefe elements, hydrogen and oxygen have
‘a ftrong tendency to unite with caloric, and be
converted into gas, whilft charcoal is a fixed
element, having but little affinity with caloric.,
-On the other hand, oxygen, which, in the ufual
temperature, tends nearly equally to unite with
hydrogen and with charcoal, has a much {trong-

€r
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brium whillt undifturbed by caloric but a very
flight increafe of temperature is fufficient to
overturn this ftruéure of combination.

If the increaled temperature to which the ve-
getable 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 charcoal, and forms volatile oil, whilft the
remainder of the charcoal, 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 decompoled, the oxygen ha-
ving a greater affinity with the charcoal at this
degree of heat, combines with it to form car-
bonic acid, and the hydrogen being left free
from combination with the other elements, u-
nites with caloric, and elcapes in the f{tate of
hydrogen gas. In this high temperature, either
no oil is formed, or, if any was produced du-
ring the lower temperature at the beginning of
the experiment, it is decompofed by the aéion
of the red heat. Thus the decompofition of ve-
getable matter, under a high temperature, is
produced by the ation of double and triple af-
finities ; while the charcoal attradts the oxygen,

on
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azote, combining with a part of the hydrogen,
forms ammoniac, or volatile alkali.
Animal:fubftances, being compofed nearly of
the fame elements with cruciferous plants, give
the fame produéts in diftillation, with this dif-
ference, that, as they contain a greater quanti-
ty of hydrogen and azote, they produce more
oil and more ammoniac. I fhall only produce
one fact as a proof of the exaltnels with which
this theory explains all the phenomena which
occur during the diftillation of animal fubftan-
ces, which is the reétification and total decom-
pofition of volatile animal oil, commonly known
by the name of Dippel’s oil.  'When thefe oils
~are procured by a firft diftillation in a naked
fire they are brown, from containing a little
charcoal almolft in a free ftate; but they become
quite colourlefs by retification. Even in this
{tate the charcoal in their compofition has fo
flight a connettion with the other elements as
to feparate by mere expofure to the air. If we
put a quantity of this animal oil, well reified,
and confequently clear, limpid, and tranfparent,
into a bell-glafs filled with oxygen gas over
mercury, in a fhort time the gas is much di-
minithed, being abforbed by the oil, the OXYa
gen combining with the hydrogen of the oil
forms water, which finks to the bottom, at the
fame time the charcoal which was combined
with the hydrogen being fet free, manifefls itfelf
by
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G Hooke B X1I1.

Of the Decompofition of Vegetable Oxyds by the Vi-

nous Fermentation. :

HE manner 1n which wine, cyder, mead,
and all the liquors formed by the fpiri-
tous fermentation, are produced, 1s well known
to every one. 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 10° (5405
of the thermometer. A rapid inteltine motion,
or fermentation, very foon takes place, nume-
rous globules of gas form in the liquid and
burft at the furface ; when the fermentation is
at its height, the quantity of gas difengaged is
fo great as to make the liquor appear as if boil-
ing violently over a fire. When this gas is
carefully gathered, it is found to be carbonic
acid perfectly pure, and free from admixture
with any other fpecies of air or gas whatever.
When the fermentation is completed, the
juice of grapes is changed from being {weet,
and full of fugar, into a vinous liquor which no
longer contains any fugar, and from which we
procure, by diftillation, an infammable liquor,
| R known
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known in commerce under the name of Spirit
of Wine. As this liquor is produced by the
fermentation of any faccharine matter whatever
diluted with water, it muft have been con-
trary to the principles of our nomenclature to
call it fpirit of wine rather than fpirit of cyder,
or of fermented fugar; wherefore, we have a-
dopted a more general term, and the Arabic
word alkobol {eems extremely proper for the
purpole.
 This operation is one of the moft extraordi-
nary in chemiftry : We mult examine whence
proceed the difengaged carbonic acid and the
inflammable liquor produced, and in what
manner a {weet vegetable oxyd becomes thus
converted into two fuch oppofite fubftances,
whereof one 1s combuftible, and the other
eminently the contrary. To folve thefe two
queftions, it is neceffary to be previoufly ac-
guainted with the analyfis of the fermentable
fabftance, and of the produds of the fermenta-
tion. We may lay it down as an inconteftible
axiom, that, in all the operations of art and na.
ture, nothing is created ; an equal quantity of
‘matter exilts both before and after the experi-
.ment ; the quality and quantity of the elements .
remain precifely the fame; and nothing takes
place beyond changes and modifications in the
combination of thefe elements. Upon this prins
ciple the whole art of performing chemical ex-

per;lmentﬁ.
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periments depends : We muft always fuppofé an
exa& equality between the elements of the body
examined and thofe of the produls of its ana-
Iyfis. |

Hence, fince from muft of grapes we procure
alkohol and carbonic dacid, I have an undoubted
right to fuppofe that muft confifts of carbonic
acid and alkohol. From thefe premifes, we
have two methods of afcertaining what paffes
during vinous fermentation, by determining the
nature of, and the elements which compofe, the
fermentable fubftances, or by accurately exami-
ning the produéts refulting from fermentation ;
and it is evident that the knowledge of either of
thefe muft lead to accurate conclufions concerns
ing the nature and compofition of the other.
From thefe confiderations, it became neceflary ac-
curately to determine the conftituent elements of
the fermentable fubftances ; and, for this pur-
- pofe, I did not make ufe of the compound juices
of fruits, the rigorous analyfis of which is pers
haps impoilible, but made choice of lugar,
which is eafily analyfed, and the nature of which
1have already explained. This fubftance is a
true vegetable oxyd with two bafes, compoled
of hydrogen and charcoal brought to the ftate
of an oxyd, by a certain proportion of oxygen ;
and thefe three elements are combined in fuch
a way, that a very flight force is fufficient to
deftroy the equilibrium of their conne@ion. By

- |
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a long train_of experiments, made in various
ways, and often repeated, I afcertained that the
proportion .in which thefe. ingredients exift in
- lugar, are nearly eight parts of hydrogen, 64
parts of oxygen, and 28 parts of charcnal, all
- by weight, forming 100 parts of fugar. .
_Sugar muft be mixed with about fuur times
its weight of water, to render it fufceptible of
ferment:atmn and even then the equilibrium
of its elments would remain uvndifturbed, with-
out the afliltance of fome fubftance, to give a
commencement to the fermentation. This is
accomplifhed by means of a little yeaft from
beer; and, when the fermentation is once exs
~cited, it continues of itfelf until completed.
i“:fha’ll in anntﬁe: place, give an account of the

effeéts of jﬂ‘:'&ﬂi and other ferments, upon fer- a
mentahle fu”bﬂmces. I have ufually emplnyed b |

x0.libs. of yeaft, in the fate of pafte, for each

2400 libs. of fugar, with as much water as is four
“times the weight of the fugar. 1 fhall give the <
refults of my experiments exallly as they were
_obtained, preferving even- the frations pmdu-s
ced by calculation,

TasLg
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TasLg I. . Materials of Fermentation.
LYV L AR 5 b B F

..P ¢

" libs. oz, gros gris
Water - - - 400 © 0 ©
Sugar : - -=* JOO O O ©
Yeaft in paﬁe. 10 Hﬁ.r Water - il 2 6 44
compofed of Dry yeak = 2z 1z 1 28
- “Total 510

Tasiz I C‘a:yi':mmr Elements of :be Materials
of Fem:emwwn.

libs. oz grw. grs.
407 libsy 3 0. 6 gros 44 qun Hydrogen 61 1 2z %140

of water, compofed G:ygcu 346 2 3 44.60
Hydrogen 8 o o o
100 [ibs. I'ugar, :nmpuﬁd ofdOxygen 64 o o o'"
© L Charcoal 28 o o .0
Hydrogen o 4 5 930
2 libs. 120z 1 gros 28 gre. of YOxygen =~ 1 10 2 28.76
dry yealt, compofed of )Charcoal o 12 4 59
Azote 0O @ § 204

Total weight 510 o 0. o

TABLE
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feparately, at any period of the procefs I judged
proper. An hour or two after the fubftances
are mixed together, efpecially if they are kept
in a temperature of from 15° (65.75%) to 18°
(72.5°) of the thermometer, the firlt marks of
fermentation commence ; the liquor turns thick
and frothy, little globules of air are difengaged,
which rife and burft at the furface ; the quanti-
ty of thefe globules quickly increafes, and there
is a rapid and abundant produltion of very
pure carbonic acid, accompanied with a fcum,
which is the yeaft feparating from the mixture.
After fome days, lefs or more according to the
degree of heat, the inteftine motion and difen.
gagement of gas diminifh; but thele do not
ceafe entirely, nor is the fermentation com.
pleted for a confiderable time. During the
procefls, 35 libs. 50z. 4 gros 19 grs. of dry car-
bonic acid are difengaged, which carry alongft
with them 13 /ibs. 14 0z. 5 gros of water. There
remains in the veflel 460 /ibs. 11 0z. 6 gros §3
grs. of vinous liquor, flightly acidulous. This
is at firft muddy, but clears of itfelf, and depo-
fits a portion of yeaft. When we {eparately a.
nalife all thefe fublances, which is effected by
very troublefome procefles, we have the refults
as given in the following Tables. This pro-
cefs, with all the fubordinate calculations and

analyfes, will be detailed at large in the Me.
moirs of the Academy,

TABLE






OF CHEMISTRY. 137

Tasre V. Recapitulation of the Producls,

Pl

libsy oz, gros grs,

| fgrat“ 'd - 347 10 O 59
- arbonie acid . = =~ 2 1
409 [ibs, 1002, O gros 54 grs. { ALIA T mes 3{ ’é 34

: : 1 64

of oxygencontainedind Acerousacid - 1 11 g0

the | Refiduum of {ugar s T 27

[Yeaﬂ: = &% ©13 I 14

[ Carbonic acid - o0 14 2 357

28 libs. 1202, 5 pros 59 gre. | Alkohol - I0.T1 % 02

of charcoal contatned § Acetous acid - o010 ©¢ o

in the : | Refiduum of fugar 1 2 .2 53

| Yealt - - G 40 2 430

(' Water - w o BT RS T

3 Waterofthe alkohol 5 8 5 2
g1 libs. 8 0z. 6 gros 66 grs. | Combined with the

of hydrogen, contain- 4 charcoal of thealko. 4 o. 5 o

.+ ¢dinthe Acetousacid. - 0 2z 4 "o

o Refiduumof fugar o § 1 67

[ Yealt - - o U -

2 gros 37 grs. of azote in the yeat © o "2 37

ZLo /ibs. Total 510. 0 0 ©

F

In thefe refults, ¥ have been exalt, even to
grains ; not that it is poflible, in experiments
of this nature, to carry our accuracy fo far, but
as the experiments were made only with a few
pounds of fugar, and as, for the fake of com-
parifon, I reduced the refults of the actual ex-
periments to the quintal or imaginary hundred

S pounds,
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only thefe elements combine, two and two to-
gether, to form water and carbonic acid.

The effects of the vinous fermentation upon
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, whillt the other part, being
difoxyginated in favour of the former, is cons
verted into the combuftible fubftance alkohol 5
therefore, if it were pofiible to reunite alkohol
and carbonic acid together, we ought to form
fugar. It is evident that the ¢harcoal and hy-
drogen in the alkohol do net exilt in the ftate
of oil, they are combined with a portion of

“oxygen, which renders them mifcible with wa«
ter ; wherefore thele three {ubftanees, oxygen,
hydrogen, and charcoal, exift here likewife in
a fpecies of equilibrium or reciprocal combina-
tion ; and in faft, when they are made to pafs
through a red hot tube of glals or poreelain,
this union or equilibrium is deftroyed, the ele.
ments become combined, twe and two, and wa-
ter and carbonic acid are formed.

I had formally advanced, in my firlt 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 ex-
ifted ready formed in fugar, though I am now
convinced that fugar only contains the elements

p: oper
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Ci Hi A P oXIV,

Of the Putrefaltive Fermentation.

Pl

- i,

HE phenomena of putrefation are caufed,
like thofe of vinous fermentation, by the
operation of very complicated affinities. The
conftituent elements of the bodies fubmitted to
this procefls ceafe to continue in equilibrium in
the threefold combination, and form themfelves
anew into binary combinations *, or campuu'nds
confifting of two elements -::rnl}r ; but thefe are
entirely different from the refults pmduced by
the vinous fermentation. Inftead of one part
of the hydrogen remaining united with part of
the water and charcoal to form alkohol, as in
the vinous fermentation, the whole of the hy-
drogen is diffipated, during putrefadtion, in the
form of hydrogen gas, whilft, at the fame time,
the oxygen and charcoal, umtmg with' caloric,
efcape in the form of carbonic acid gas; fo
that, when the whole procefs is finithed, efpeci-

ally

* Binary combinations are fuch as confilt of two
fimple elements combined together. - Ternary, and
quaternary; confit of three and four elements.—E.
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ally if the materials have been mixed with a
fufficient quantity of water, nothing remains
but the earth of the vegetable mixed with a
fmall portion of charcoal and iron. Thus pu-
- trefaltion is nothing more than a complete ana-
lyfis of vegetable 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 putrefadtion when the
fubftances fubmitted to it contain only oxygen,
hydrogen, charcoal and a little earth. But
this cafe is rare, and thefe fubftances putrify im-
pﬂrf-c:f.lthlir' and with difficulty, and require a con-
fiderable time to complete their putrefaition. It
is otherwife with fubftances containing azote,
which indeed exifts in all animal matters, and
even in a confiderable number of vegetable fub-
ftances. " This additional element is remarkably
favourable to putrefaction ; and for this'reafon
animal matter is mixed with vegetable, when
the putrefaction of thefe is withed to be haften-
ed. The whole art of forming compofts and
dunghills, for the purpofes of agriculture, confifts
in the proper application of this admixture.

The addition of azote to the niaterials of

putrefaction not only accelerates the procefs,
' that

* T the Third Part will be given the defcription of
an apparatus proper for being ufed in experiments of

!
A
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¢hat element likewife combines with part of the
hydrogen, and forms a new fubftance called
wolatile alkali ox ammoniac. The relults obtain-
ed by analyfing animal matters, by different
procefles, leave no room for doubt with regard
to the conftituent elements of ammoniac ; whene
ever the azote has been previoully feparated
from thefe fubftances, no ammoniac is produ-
ced ; and in all cafes they furnith ammoniac
only in proportion to the azote they comutain.
This compofition of ammoniac is likewife fully
proved by Mr Berthollet, in the Memoirs of
the Academy for 1785, p. 316. where he gives
a variety of analytical procefles by which am-
moniac is decompofed, and its two elements, a-
- zote and hydrogen, procured feparately.
I already mentioned in Chap. X. that almoft
all-combuftible bodies were capable of combi-
ning with each other ; hydrogen gas poflefies
this quality in an eminent degree, it diffolves
charcoal, fulphur, and phofphorus, producing
the compounds named carbonated hydrogen gas,
Julphurated bydrogen gas, and phofphorated bydro-
gen gas. 'The two latter of thefe gafles have a
peculiarly difagreeable flavour ; the fulphurated
hydrogen gas has a ftrong refemblance to the
{mell of rotten eggs, and the phofphorated fmells
exaltly like putrid fith, Ammoniac has like-
wile a peculiar odour, not lefs penetrating, or
lefs difagreeable, than thefe other gafles, From
the
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the mixture of thele different flavours proceeds
the fetor which accompanies the putrefaétion of
animal fubftances. Sometimes ammoniac pre«
dominates, which is eafily perceived by its
fharpnels upon the eyes ; fometimes, as in fecu-
lent matters, the fulphurated gas is moft preva-
lent ; and fometimes, as in putrid herrings, the
phofphorated hydrogen gas is molt abundant.

1 long fuppofed that nothing could derange
or interrupt the courfe of putrefation ; but Mr
Fourcroy and Mr Thouret have obferved fome
peculiar phenomena in dead bodies, buried at a
certain depth, and preferved to a certain de-
gree, from contaét with air ; having found the
mufcular flefh frequently converted into true a-
nimal fat. This muft have arifen from the dif-
engagement of the azote, naturally contained in
the animal fubftance, by fome unknown caufe,
leaving only the hydrogea and charcoal remain-
ing, which are the elements proper for produ-
cing fat or oil. This obfervation upon the
poffibility of converting animal fubftances into
fat may fome time or other lead to difcoveries
of great importance to fociety. The faeces of
~animals, and other excrementitious matters, are
v::hieﬂ}' compofed of charcoal and hydrogen, and
approach confiderably to the nature of oil, of
which they furnith a confiderable quantity by
diftillation with a naked fire; but the intole-

rable foetor which accompanies all the prnduﬁisf.

L]
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of thefe fubftances prevents our expeéting that,
at leaft for a long time, they can be rendered
ufeful in any other way than as manures.

I have only given conjetural approximations
in this Chapter upon the compofition of animal
fubftances, which is hitherto but imperfectly
underftood. We know that they are compoled
of hydrogen, charcoal, azote, phofphorus, and
fulphur, all of which, in a ftate of quintuple
combination, are brought to the {tate of oxyd
by a larger or fmaller quantity of oxygen. We
are, however, {till unacquainted with the pro-
portions in which thefe fubftances are combi-
ned, and muft leave it to time to complete this

- part of chemical analyfis, as it has already done
with feveral others,

T CH AP
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Independent of the proofs which thefe facts
furnith of the acetous acid being produced by
the oxygenation of wine, an experiment made
by Mr Chaptal, Profeflor of Chemiltry at Mont-
pellier, gives us a diftinét view of what rakes
place in this procefs., He impregnated water
with about its own bulk of carbonic acid from
fermenting beer, and placed this water in a cel-
lar in veflels communicating with the air, and
in a fhort time the whole was converted into
acetous acid. The carbonic acid gas procured
from beer vats in fermentation is not perfectly
pure, but contains a fmall quantity of alkohol
in folution, wherefore water impregnated with
it contains all the materials neceffary for form-
ing the acetous acid. The alkohel furnifhes
hydrogen and one portion of charcoal, the car-
bonic acid furnithes oxygen and the relt of the
charcoal, and the air of the atmofphere furnith-
es the relt of the oxygen neceffary for changing
the mixture into acetous acid. From this ob-
fervation it follows, that nothing but hydrogen
is wanting to convert carbonic acid into acetous
acid; or more generally, that, by means of hy-
drogen, and according to the degree of oxyge-
nation, carbonic acid may be changed into all
the vegetable acids; and, on the contrary, that,
by depriving any of the vegetable acids of their
hydrogen, they may be converted into carbonic
acid. |

: Althc—ugh
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D - L. YO XVI.

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 by means of a fmall num-
ber of fimple elements, or at lealt of fuch as have
not hitherto been fufceptible of decompofition,
by means of combination with oxygen; thefe
- are azote, fulphur, phofphorus, charcoal, 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
dofe of oxygen employed for oxydating or aci-
difying them. We fhall find the means no lefs
fimple and diverfified, and as abundantly pro-
. duttive of forms and qualities, in the order of
bodies we are now about to treat of.
Acidifiable

* T have not ventured to omit this element, as here
enumerated with the other principles of animal and
vegetable fubltances, though it is not at all taken no-
tice of in the preceding chapters as entering into the
compofition of thefe bodies,—E.
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aliot only fuch as are compofed of an oxygena-
ted fubftance united to a bafe.

I have already enlarged fufficiently upon the
formation of acids in the preceding chapter,
and fhall not add any thing farther upon that
fubject ; but having as yet given no account 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 potafh,
foda, ammoniac, lime, magnefia, barytes, ar=
gill *, and all the metallic bodies.

§ 1. Of Potafh.

We have already thown, that, when a vege.
table fubftance is fubmitted to the ation of fire
in diftilling veflels, its component elements, OXy-
gen, hydrogen, and charcoal, which formed a
threefold combination in a ftate of equilibrium,
unite, two and two, in obedience to affinities
~which at conformable to the degree of heat
employed.

the method I have adopted, and I am ready to admit
the charge; but this inconvenience is compenfited
by fo many advantages, that I could not think it of
fufficient confequence to make me alter my plan.—A.

* Called Alumine by Mr Lavoifier ; but as Argill
has been in 2 manner naturalized to the language for
this fubftance by Mr Kirwan, I have ventured to ufe
it in preference.—E.
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employed. Thus, at the firflt application of the
fire, whenever the heat produced exceeds the
temperature of boiling water, part of the oxy-
gen and hydrogen unite to form water; foon
after the reft of the hydrogen, and part of the
charcoal, combine into oil; and, laftly, when
the fire is pufhed to the red heat, the oil and
water, which had been formed in the early part
of the procefs, become again decompofed, the
oxygen and charcoal unite to form 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 du-
ring the combuftion of vegetables in the open
air ; but, in this cafe, the prefence of the air in-
troduces three new fubftances, the oxygen and
azote of the air and caloric, of which two at
leaft produce confiderable changes in the refults
of the operation. In proportion as the hydro-
- gen of the vegetable, or that which refults from
the decompofition of the water, is forced out in
the form of hydrogen gas by the progrefs of the
fire, it is fet on fire immediately upon getting
in contact with the air, water is again formed,

and the greater part of the caloric of the two

- gafles becoming free produces flame. When
all the hydrogen gas is driven out, burnt, and
again reduced to water, the remaining charcoal °
continues to burp, but without flame; it is =
formed
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formed into carbonic acid, which carries off a
portion of caloric fufficient to give it the gafle.
ous form ; the reft of the caloric, from the 0Xy-
gen of the air, being fet free, produces the
heat and 'light obferved during the combuftion
- of charcoal. The whole vegetable is thus re.
duced into water and carbonic acid, and no-
thing remains but a fmall portion of gray earthy
matter called afhes, being the only really fixed
principles which enter into the conftitution of
vegetables.

The earth, or rather athes, which feldom ex.
ceeds a twentieth part of the weight of the vege-
table, contains a fubftance of a particular na-
$ ture, known under the name of fixed vegetable
alkali, or potath. To obtain it, water is poured
- upon the athes, which diffolves the potafh,
and leaves the afhes which are infoluble ; by af.
terwards 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 preparing pot-
ath, or the method of procuring it in a ftate of
purity, but have entered upon the above detajl
that I might not ufe any word not previoufly
explained,.

"The potafh obtained by this procefs is always
lefs or more faturated with carbonic acid, which
18 eafily accounted for: As the potath does not
form, or at leaft is not fet free, but in propor-

; U tion
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mixed with different falts from which it is eafily
feparable. We can hardly entertain 2 doubt
that the afhes, or earth which is left by vege-
 tables in combuftion, pre-exifted in them before
they were burnt, forming what may be called
the {keleton, or offeous part of the vegetable.
But it is quite otherwife with potafh ; this fub-
ftance has never yet been procured fmm.ve'gta.
tables but by means of procefles or intermedia
capable of furnifhing oxygen and azote, [uch
as combuftion, or by means of nitric acid ; fo
- that it is not yet demonftrated that potalh may
not be a produce from thefe operations. 1 have
begun a feries of experiments upon this object,
and hope foon to be able to give an account aff
their refults, :

§ 2. Of Soda.

Soda, like potafh, is an alkali procured by
lixiviation from the afhes of burnt plants, but
only from thofe which grow.upon the fea-fide,
and elpeciaily from the herb kali, whence is de-
rived the name alkali, given to this fubftance by
the Arabians. It has fome properties in com-

mon with potath, and others which are entirely
 different: In general, thefe two fubftances have
peculiar charalters in their faline combinations
- which are proper to each, and confequently
diftinguifh them from each other; thus foda,

which,
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which, as obtained from marine plants, is ufu.

ally entirely faturated with carbonic acid, does
not attract the humidity of the atmofphere like
potath, but, on the contrary, deficcates, its crif.
tals eﬂ:lqrefce, and are converted into a white
powder having all the properties of foda, which
it really is, having only loft its water of criftal-
lization,

Hitherto we are not better acquainted with
the conftituent elements of foda than with thofe
of potath, being equally uncertain whether it
previoufly exifted ready formed in the vegetable
_ or is a combination of elements effected by com-
buftion. Analogy leads us to fufpeét that azote
15 a conitituent element of all the alkalies, as is
the cafe with ammoniac ; but we have only flight
prefumptions, unconfirmed by any decifive ex-
periments, refpeéting the compofition of potath
and foda. | -

§ 3. OfF Ammoniac.

We have, however, very accurate knowledge
of the compolition of ammoniac, or volatile al-
kali, as it is called by the old chemilts. Mr
Berthollet, in the Memoirs of the Academy for
1784, pr 316. has proved by analyfis, that rooo
parts of this fubftance confift of about 8oy parts

of azote combined with 193 parts of hydrogen.
Ammoniac
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Ammoniac is chiefly procurable from animal
fubftances by diftillation, during which procefs
the azote and hydrogen neceffary to its forma-
tion unite in 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
is firlt combined with an acid, the muriatic for
inftance, and then difengaged from that com-
bination by the addition of lime or potath.
When ammoniac is thus produced in its great-
eft degree of purity it can only exift under the
- gaffeous form, at leaft in the ufual temperature

of the atmofphere, it has an exceflively pene-
' trating fmell, is abforbed in large quantities by
~ water, elpecially if cold and affifted by comprel-
fion. Water thus faturated with ammoniac has
ufually been termed volatile alkaline fluor ; we
fhall call it either fimply ammoniac, or liquid
ammoniac, and ammoniacal gas when it exifts
in the acriform ftate.

S 4. Of Lime, Magnefia, Barytes, and Argill.

The compofition of thefe four earths is total-
ly unknown, and, until by new difcoveries their
conftituent elements are afcertained, we are cer-
tainly authorifed to confider them as fimple
bodles Art has no fhare in the produion of
“thefe carths, as they are all procured ready form-

ed
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§ 5. Of Metallic Bodies. i

The metals, e:{cept gold, and fometimes fil-
ver, are rarely found in the mineral Kingdom in
their metallic ftate, being ufually lefs or more
faturated with oxygen, or combined with ful-
phur, arlenic, fulphuric acid, muriatic acid, car-
bonic acid, or phofphoric acid. Metallurgy, or
the docimaftic art, teaches the means of {epa-
rating them from thefe foreign matters; and
for this purpofe we refer to'fuch chemical books

~ as treat upon thefe operations.
. Weare probably only acquamted as yet with
- a part of the metallic {ubftances exifting in na«
' tare, as all thofe which have a ftronger affinity
" to oxygen, than charcoal poflefles, are incapable
of being reduced to the metallic ftate, and, con-
fequently, being only prelented to our obferva-
tion under the form of oxyds, are confounded
with earths. It is extremely probable that ba-
rytes, which we have jult now arranged with
earths, is in this fituation ; for in many experi-
ments it exhibits properties nearly approaching
to t:rm['e: of metallic bodies. It is even poffible
that all the {ubftances we call earths may be
only metallic oxyds, irreducible by any hitherto
known procefs.

#Thofe metallic bodies we are at prefent ac-
quainted with, and which we can reduce to the
metallic
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C'H AR XVIL

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

I T is neceffary to remark, that earths and al-
% kalies unite with acids to form neutral falts
without the intervention of any medium, where-
as metallic fubftances are incapable of forming
this combination without being previouily lefs
‘or more oxygenated; {trictly {peaking, there-
fore, metals are not foluble in acids, but only
~ metallic oxyds. Hence, when we put a metal
jnto an acid for folution, it is neceffary, in the
firft place, that it become oxygenated, either by
attralting oxygen from the acid or from the
water ; or, in other words, that a metal cannot
be diflolved in an acid unlefs the oxygen, either
of the acid, or of the water mixed with it, has
a ftronger affinity to the metal than to the hy-
drogen or the acidifiable bafe; or, what a-
mounts to the fame thing, that no metallic {o-
lution can take place without a previous de-
compofition of the water, or the acid in which
it is made. The explanation of the principal
phenomena of metallic folution depends entire-

X ly
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The fecond phenomenon is, that, when the
metals have been previoufly oxydated, they all
diflolve in acids without effervefcence: This is
eafily explained ; becaufe, not having now any
occafion for combining with oxygen, they nei-
ther decompofe the acid nor the water by which,
in the former cafe, the effervelcence is occafion-
ed.

A third phenomenon, which requires parti-
cular confideration, is, that none of the metals
produce effervefcence by folution in oxygenated
muriatic acid. During this procefs the metal,
in the firlt place, carries off the excefs of oxy-
gen from the oygenated muriatic acid, by which
it becomes oxydated, and reduces the acid to
the ftate of ordinary muriatic acid. In this cafle.
there is no produétion of gas, not that the mu-"
riatic acid does not tend to exilt in the gafleous
{tate in the common temperature, which it does
equally with the acids formerly mentioned, but
becaule this acid, which otherwife would ex-
pand into-gas, finds more water combined with
the ﬂx}fgenated muriatic acid than is neceﬁary
to retain it in the liquld form ; hence it does
not difengage like the fulphurous acid, but re-
mains, and quietly diffolves and combines with
the metallic oxyd previoufly formed from 1ts fa-
perabundant oxygen.

The fourth phenomenon is, that metals are
abfolutely infoluble in fuch acids as have their

bafes
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Names of the Acids. Names of the Bafes, with Obfervations.

1. Sulphurous } iais :
2. Sulphuric Sulphur

3. Pholphorous } .
4. Phofphoric Phofphorus

5. Muriatic Muriatic radical or bafe, hitherto un«

6. Oxygenated muriatic known.
.7+ Nitrous E
8. Nitric Azote.
9. Oxygenated nitric -
10. Carbonic Charcoal
: -1 The bafes or radicals of all thefe a-.
11. Acetous cids feem to be formed by a combi-
12. Acetic 1 nation of charcoal and hydrogen ;
13. Oxalic and the only difference feems to be
14. Tartarous ¢} owing to the different proportionsin
15. Pyro-tartarous ¢ which thefe elements combine to form
16. Citric their bafes, and to the different dofes
17. Malic of oxygen in their acidification. A
" k8. Pyro-lignous connefted feries of accurate experi-
~ 19. Pyro-mucous ments is ftill wanted upon this fub-
: J jeét.
o, Gallc, Our Rnowledge of the bafes of
5ot B e thefe acids is hitherto imperfe@ ; we
2 3: Stecitiie only know that they contain hydro-
24. Camphoric gen and charcoal as principal ele-
25. Ladic ments, and that the pruffic acid con-
26. Saccho-ladic RAIR e
; The bafe of thefe and all the acids
ig %gf::::g procured from animal (ubftancesfeems
-zg. Sibasik to conlit of charcoal, hydrogen,

: phofphorus, and azote.
30. Bura:fn: The bafes of thefe two are hitherto
31, Fluoric entirely unknown.

32. Antimonic Antimony.
33- AArgentic Silver.
34. Arfeniac ¢ | Arfenic. Names

* This term fwerves a little from the rule in making the
name of this acid terminate in ac inftead of ic. The bafe and
acid are diftinguifhed in French by arfenic and arfenique ; but,
having chofen the Englifh termination ic to tranflate the French
ique, 1was obliged to ufe this fmall deviation.—E.
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‘modifications of others. All that cat} be da:ine
in the prefent ftate of our knowledge s, to give
a view of chemiftry as it really is, and to efta-
blith fundamental principles, by which fuch bo-
dies as may be difcovered in future may re-
ceive names, in conformity with one uniform
fyltem.

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-

folving other metals, which is a new branch of
 chemiltry 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 poflible neutral falts, it is e-
vident that, were we to diftinguith them, after

the

* This number excludes all triple falts, or fuch as
contain more than one falifiable bafe, all the falts whofe

bafes are over or under faturated with acid, and thofe
formed by the nitro-muriatic acid,—F,
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the manner of the ancients, either by the names
of their firft difcoverers, or by terms derived
from the {ubftances from which they are procu-
red, we fhould at laft have fuch a confufion of
arbitrary defignations, as no memory could pof-
fibly retain. This method might be tolerable
in the early ages of chemiftry, or even till with-
in 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 cer-
tainly neceflary. The method we have adopted,
drawn from the nomenclature of the acids, is
perfectly analogical, and, following nature in
the fimplicity of her operations,, gives a natural
and eafy nomenclature applicable to every pof-
fible neutral falt. . -

In giving names to the different acids, we ex-
prefs the common property by the generical
term acid, and diftinguifh each fpecies by the
name of its peculiar acidifiable bafe. Hence
the acids formed by the oxygenation of fulphur,
phofphorus, charcoal, &c. are called /fulphuric
" acid, phofphoric acid, carbonic acid, &c. We
~ thought it likewife proper to indicate the differ-
ent degrees of faturation with oxygen, by differ-

ent terminations of the fame fpecific names.
Hence
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Mence we diftinguith between fulphurdus and
fulphuric, and between phofphorous and phofs
phoric acids; &c. _

By applying thefe principles to the nomen~
elature of neutral falts, we give a common term
to all the neutral falts arifing from the combi-
nation of one acid, and diltinguifh the fpecies
by adding the name of the falifiable bafe. Thus,
all the neutral falts having fulphuric acid in
their compofition are named Ju/phats ; thofe
formed by the phofphoric acid, phojphats, &e.
The fpecies being ditinguifhed by the names of
the falifiable bafes gives us fulphat of potafh, ful-
phat of foda, filphat of ammeniae, Julphat of lime,

- Julphat of iron, &c.  As we are acquainted
with 24 falifiable bafes, alkaline, earthy, and
metallic, we have confequently 24 fulphats, as
many phofphats, and fo on through all the a-
cids. Sulphur is, however, fufceptible of two
degrees of oxygenation, the firft of which pro-
duces fulphurous, and the fecond, fulphuric a-
eid ; and, as the neutral falts produced by thefe
two acids, have different properties, and are
infa& different falts, it becomes neceflary to di-
ftinguith thefe by peculiar terminations y owe
have therefore diltinguithed the neutral falts
formed by the acids in the fisft or lefler depree
of oxygenation, by changing the termination g5
into ite, as fulphites, Phofphites *, &c, Thus, 0Xya

Y genated
* As all the fpecific names of the acids in the mw-

ILCMmen~
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genated or acidified fulphur, in its two degrees
of oxygenation is capable of forming 48 neu-
tral falts, 24 of which are fulphites, and as ma-
ny fulphats ; which is likewife the cafe with all
the acids capable of two degrees of oxygena-
tion *. : | i3]

Tt were both tirefome and unneceffary to fol-
low thefe denominations through all the varie-
ties of their poffible application ; it is enough
to have given the methed of naming the various
falts, which, when once well underftood, is ea-
fily applied to every poflible combination. The
name of the combuftible and acidifiable body
"being once known, the names of the acid it is
dapable of forming, and of all the neutral com-

| binatious

nonfenclature aré adjedives, tliey would have applied
feverally to the various falifiable bafes, without the in-
vention of other terms, with perfet diftinétnefs. Thus,
Sfulphurous pota/by and fulpburic potafh, are equally diftinét
as fulphite of potafb, and fulphat of potafh ; and have the
advantage of being more eafily retained in the memo-
ry, becaufe more naturally arifing from the acids them-
felves, than the arbitrary t::rmh?tiunt adopted by Mr
Lavoilier.—E.

"% There is yet a third degree of oxygenation of a-
cids, as the oxygenated muriatic and oxygenated nitric
acids. The terms applicable to the neutral falts refult-
ing from the union of thefe acids with falifiable bafes
is fupplied by the Author in the Second Part of this
Work. Thefe are formed by prefixing the word oxyge-
ated to the name of the falt produced by the fecond
degree of oxygenation. Thus, oxygenated muriat of po-
taih, oxygenated nitrat of foda, feco—En
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Binations the acid is fufceptible of entering in-
to, are moft readily remembered. Such as re-
quire a more complete illuftration of the me-
thods in which the new nomenclature is applied
will, in the Second Part of this book, find
Tables which contain a full enumeration of all
the neutral falts, and, in general, all the poi-
fible chemical combinations, fo far as is con-
fiftent with the prefent {tate of our knowledge.
To thefe I fhall fubjoin fhort explanations, con-
taining the beft and moft fimple means of pro-
curing the different fpecies of acids, and fome
account of the general properties of the neutral
falts they produce.

I fhall not deny, that, to render this work
more complete, it would have been neceffary to
add particular obfervations upon each {pecies of
" falt, its folubility in water and alkohol, the pro-
portions of acid and of lalifiable bafe in its
compofition, the quantity of its water of crif-
tallization, the different degrees of faturation
it is fufceptible of, and, finally, the degree
of force or affinity with which the acid ad-
heres to the hafe. This immenfe work has been
already begun by Meflrs Bergman, Morveau,
Kirwan, and other celebrated chemifts, but is
hitherto only in a moderate {tate of advance-
ment, even the principles upon which it is
founded are not perhaps f{ufficiently accurate.

Thele -
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Pigd: RO 50 1T

Of the Combination of Acids with
Salifiable Bafes, and of the F ors
mation of Neutral Salts.

INTRODUCGCTION,

F I had firictly followed the plan I at firfk
l 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-
cefles by which they are obtainable, with a mere
nomenclature or enumeration of the neutral
falts which refule from the combination of thefe
a;ids with the various falifiable bafes. Bug |
afterwards found that the addition of fimilar
Tables of all the fimple fubftances which enter

Into







"OF CHEMISTRY,
TABLE OF SIMPLE SUBSTANCES.

Simple fubftances belonging to all the kingdoms of na-
" ture, which may be confidered as the elements of bo-

dies.

Neaw Names. Correfpondent old Names.
Light o e e T gt
Heat.

Principle or element of Beat, |

Fire. Igneous fluid.

Matter of fire and of heat.

Dephlogifticated air.

Empyreal air.

Vital air, or

Bafe of vital air. ‘

Phlogifticated air or gas.

Azote - v { Mephitis, or its bafe.

Inflammable air or gas,

. or the bafe of inflammable air,
Ozxydable and Acidifiable fimple Subftances not Metallic,

ok Nenw Names. Correfpondent old names.

Sulphur - W Gty

Phofphorus - - - € The fame names.
Charcoal - - -

Muriatic radical = E

Caloric - - -

Cleygeal f« 16 2ty o

Hydrogen - -

Fluoric radical Still unknown.

Boracic radical

Oxydable and Acidifiable imple Metallic Bodies,

3 New Names. Correfpondent Old Names,
Antimony - 7 [ Antimony, .
Arfenic - - Arfenic.
Bifmuth = - Bifmuth.
Cobalt - - Cobalt.
Copper - - Copper.
Gold - - Gold.

| Iron - - - |%8 | Iton.

PR S O e Tl
 Manganefe <« . )5 J Manganefe,
Mercury - - & Mercury.
Molybdena - - | A Molybdena.

Nickel - . - Nickel.
Pjatma - - Platina.
Silver - - Silver.
Tin - - Tin.
Tungltein . . Tungflein,
Zinc T 1mc,

Salifiable
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Salifiable fimple Earthy Subfances,

New Namer, Correfpondent old Names.
Tikie Chalk, calcareous earth.
%ﬁ:uckth

ol agnefia, bafe of Epfom falt.
Magnefia 3 o8l od or cauftic magnefia
Barytes Barytes, or heavy :ﬁ

o Argill Clay, earth of alum.
Silex Siliceous or yitrifiable earth,

Sect. L—0bfervations upon the Table of Simple
Subftances.

The principle objeét of chemical experi-
ments is to decompofe natural bodies, fo as fepa-
rately to examine the different fubftances which
enter into their compofition. By confulting
chemical {yftems, it will be found that this fcis

“ence of chemical analyfis has made rapid pro-
_grefs in our own times. Formerly oil and falt
‘were confidered as elements of bodies, whereas
later obfervation and experiment have fhown
that all falts, inftead of being fimple, are com-
pofed of an acid united to a bafe. The bounds
of analyfis have been greatly enlarged by mo-
dern difcoveries * ; the acids are thown to be
compofed of oxygen, as an acidifying principle
common to all, united in each to a particular
bafe. I have proved what Mr Haffenfratz had
before

* See Memoirs of the Academy for 1776, p.671.
and for 1778, p. 535.—A.
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before advanced, that thele radicals of the acids
are not all fimple elements, many of them
being, like the oily principle, compofed of hy-
drogen and charcoal. Lven the bafes of neu-
tral falts have been proved by Mr Berthollet to
be compounds, as he has fhown that ammeoniac
is compofed of azote and hydregen.

Thus, as chemiftry advances towards perfec-
tion, by dividing and fubdividing, it is impoi-
fible to fay where it is to end ; and thefe things
we at prefent {uppofe fimple may foon be found
quite otherwife. All we dare venture to aflirm
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 tothow. Wemay even prefume that the earths
mult foon ceafe to be confidered as fimple bodies;
they are the only bodies of the falifiable clafs
which have no tendency to unite with oxygen ;
and I am much inclined to believe that this pro-
ceeds from their being already faturated with
that element. If fo, they will fall to be confi-
dered as compounds confifting of fimple fub-
{tances, perhaps metallic, oxydated to a certain
degree. This is only hazarded as a conjec-
ture; 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 experi-
ment, with mere hypothetical conjeftures.

7 - The
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il i

“TsLy of compaind oxydable and acidifiable bafis

Names of the radicals.

Oxydable or acidifiable

bafe, from the mineral { bafe of the acid formerly

* Note.

iNitm-rhuriatit radical or

kingdom. called aqua regia.
Tartarous radical or bafe.
Malic. 1
Citric.
_ T { Pyro-lignous.
Oxydable IIJ;.r acidifiable Pyro-mucous,
hydro - carbonous  OF | pyr_tartarous,
carbono-hydrous radi-J (5 .
cals from the vegetable Acetous.
e Succinic. o
Benzoic. o
Camphoric, r fg_
i [ Gallic.
, . (" Laétic.
Oxydable or acidifiable | ries
radicals from the ani- ?E:f:‘izla&m'
mal kingdom, . which } 5 .. »
moftly contain azote,} ¢\
m}":lld frequently phol- Tt
b | Prauffic, 4
SECT.

The radicals from the vegetable kings

dom are converted by a firlt degree of oxygenation in-
to vegetable oxyds, fuch as fugar, Rtarch, and gum or
mucus : Thofe of the animal kingdom by the fame
means form animal oxyds, as lymph, &c.—A.
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 fuch a way as to form fingle bafes, and that
' thele acids only differ from each other by the
' proportions in which thefe two {ubftances enter
' into the compofition of their bafes, and by the
degree of oxygenation which thele bafes have
received, We know farther, chiefly from the
experiments of Mr Berthollet, that the radicals
from the apimal kingdom, and even fome of
thofe from vegetables, are of a more compound
nature, and, befides hydrogen and charcoal,
that they often contain azote, and fometimes
phofphorus ; but we are not hitherto poflefied
of fufficiently accurate experiments for calcula.
ting the proportions of thefe feveral fubftances..
- We are therefore forced, in the manner of the
older chemifts, ftill to name thefe acids after the
fubftances from which they are procured. There
can be little doubt that thefe names will be laid
afide when our knowledge of thefe fubftances
becomes more accurate and extenfive; the
terms Aydro-carbonous, hydro-carbonic, carbong-
bydrous, and carbono-hydric *, 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 predeceflors.

s

* 8ee Part I, Chap. XI. upon the application of

thefe names according to the proportions of the twe
ingredients,—A.
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- It is evident that the oils, being compofed of
hydrogen and charcoal combined; are true car
bono-hydrous or hydro.carbonous radicals 5
and, indeed, by adding oxygen, they are cons
vertible into vegetable oxyds and acids, accor-
ding to their degrees of oxygenation, We can-
not, however, affirm that oils enter in their en-
tire {tate into the compofition of vegetable oxyds
and acids ; it is poffible that they previoufly lofe
a part either of their hydrogen or charcoal, and
that the remaining ingredients no longer exift
~in the proportions neceflary to conftitute oils,
~ We {till require farther experiments to elucidate
thefe points. = ‘eaibditot ¢ vd Basub
« Properly {peaking, we are only acquainted
with one compound radical from the mineral
kingdom, the nitro-muriatic, which is formed
by the combination of azote with the muriatic
radicali - The other compound mineral  acids
have been much lefs attended iu,;dframlhﬁi_l‘.;t
producing lefs firiking pl}enﬂmem._ dives 4l

amand sl dh# nod 10aTs D Mo U ol
[

Sk 'Ef;r'III.e;U.{v;"wa:faﬁ&' upon i‘?:qu'amHmn'ﬂm cy“ 1
- | Light and Caloric with different §g§{f§qg@; e
I have not conftrulted any table of the coﬁ:i-'i
binations of light and caloric with the various
fimple and compound Tgﬁffjﬁt:;;ep,l ‘becaufe our
conceptions of the nature of thefe combinations
are fiof hitherto fufficiently accurate. We
i e know,
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know, 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 asto
conftitute a part even of their folid fubftance,
though it more frequently aéts upon them with
a repulfive force, from which, or from its ac-
cumulation in bodies to a greater or lefler de-
gree, the transformation of folids into fluids,
and of fluids to aériform elafticity, is entirely
owing. We have employed the generic name
gas to indicate this a€riform ftate of bodies pro-
duced by a fufficient accumulation of caloric ;
" {o that, when we wifh to exprefs the acriform
ftate of muriatic acid, carbonic acid, hydrogen,
~water, alkohol, &c. we do it by adding the word
gas to their nmames; thus muriatic acid gas,
carbonic acid gas, hydrogen gas, aqueous gas,
alkoholic gas,"&c.

The combinations of light, and its mode of
adting upon different bodies, is ftill lefs known.
By the experiments of Mr Berthollet, it appears
to have great affinity with oxygen, is fulceptible
of combining with it, and contributes alongft
with caloric to change it into the ftate. of gas.
Experiments upon vegetation give reafon to be-
lieve that light combines with certain parts of

- vegetables, and that the green of their leaves,
and the various colpurs of their flowers, is chief-

ly
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ly owing to this combination. This much ig
certain, that plants which grow in darknefs are
perfeétly white, languid, and - unhealthy, and
that to make them recover wigour, and to ac
quire their natural colours, the direct influence
of light is abfolutely neceflary. Somewhat fimi-
lar takes place even upon animals : Mankind
degenerate to a certain degree when employed
in fedentary manufattures, 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. Organi-
zation, fenfation, fpontaneous motion, and gll: 1
the operations of life, only exift at the furface
of the earth, and in places expofed to the influ-
ence of light. - Without it nature itfelf would ‘Z
be lifelefls and inanimate. By means of th;l
the benevolence of the Deity hath filled the furs
face of the earth with organization, fenfations
and - intelligence. The fable of Promotheus
might perhaps be confidered as giving a hint of
this philofophical truth, which had even prefent-
ed itfelf to the knowledge of the ancients. L
have intentionally avoided any difquifitions re-
lative to organized bodies in this work, for
which reafon the phenomena of refpiration, fan-
guification, and animal heat, are not confider-
ed; but 1 hope, at fome future time, to be able

to elucidate thefe curious fubjetls. E
, SECT:

I
.
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SecT. IV.—Obfervations, upon 1he Combinations
| of Oxygen with the fimple Subffances.

Oxygen forms almoft a third of the malfs of
our atmofphere, and is confequently one of the
molt plentiful fubftances in nature. All the
animals and vegetables live and grow in this
immenfe magazine of oxygen gas, and from it
we procure the greatelt 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 difengaged from all
combination, In the atmofphere it is united
with caloric, in the flate of oxygen gas, and
this again is mixed with about'two thirds of its
weight of azotic gas,

Several conditions are- requifite to, epable a
body to become oxygenated, or to permit OXYa
gen to enter into combination with it. In the
firft place, it is neceffary that the particles of the
body to be oxygenated fhall have lefs reciprocal
attraltion with each other than they have for
the oxygen, which otherwife cannot poffibly
combine with them. Nature, in this cale, may
. be affifted by art, as we have it in our power to
diminifh the attraltion of the particles of bodies
almolt at wil] by heating them, or, in other
words, by ntroducing caloric into the inter-
A a ftices
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. Some fubftances have fo ftrong an affinity
with oxygen, and combine with it in fuch low
degrees of temperature, that we cannot procure
them in their unoxygenated {tate ; 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. It is probable that many o=
ther fubftances of the mineral kingdom are ne-
ceffarily oxygenated in the common tempera-
ture of the atmofphere, and that being already
faturated with oxygen, prevents their farther ac«
tion upon that element.

There are other means of oxygenating fimple
fubftances befides expofure to air in a certain
degree of temperature, fuch as by placing them
in contalt with metals combined with oxygen,
and which have little affinity with that element.
- The red oxyd of mercury is one of the beft {ub-
ftances for this purpofe, efpecially with bodies
- which do not combine with that metal. In this
oxyd the oxygen is united with very little force
to the metal, and can be driven out by a degree
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
moderately heated. The fame effett may be,
to a certain degree, produced by means of the
black oxyd of manganefe, the red oxyd of lead,
the

I
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body, and produces fuch violent explofions as
are perfetly irrefiftible. |
By the humid way we can oxygenate moft
combuftible bodies, and convert moft of the
oxyds of the three kingdoms of nature into
acids. For this purpofe we chiefly employ the
nitric acid, which has a very flight hold of oxy-
gen, and quits it readily to a great number of
bodies by the afiiftance of 2 gentle heat. The
oxygenated muriatic acid may be ufed for {cve-
ral operations of this kind, but not in them all.
I give the name of binary to the combina-
tions of oxygen with the fimple {ubftances, be-
caufe in thefe only two elements are combined.
‘When three fubftances are united in one com-

bination I call it #ernary, and quaternary when
the combination confilts of four fubftances
united.

TasLE
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_SEET. V.—-—Oﬁﬁrmﬁ'&m upon the Combinations of
Oxygen with the Compound Radicals.

1 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. §35. In
which I concluded, that the number of acids
mult be greatly larger than was till then fup-
pofed. Since that time, a new field of inquiry
has been opened to chemifts ; and, inftead of
five or fix acids which were then known, near
thirty new acids have been difcovered, by which
means the number of known neutral falts have
been increaled in the fame proportion. The
nature of the acidifiable bales, or radicals of the
acids, and the degrees of oxygenation they are
fufceptible of, ftill remain to be inquired into.
I have already fhown, 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 more efpecially in the animal kingdom, but
is compofed of at leaft two fubftances, hydro-
gen and charcoal, and that azote and phofpho-
rus are frequently united to thefe, by which we
haue compound radicals of two, three, and four
bales or fimple elements united.

From
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fubje& : 1ft, Although the oils appear to be
formed of nothing but hydrogen and charcoal,
we do not know if thefe are in the precife pro-
portion neceflary for conftituting the radicals of
the acids: 2dly, Since oxygen enters into the
compofition of thefe acids equally with hydro-
gen and charcoal, there is no more reafon for
fuppofing them to be compofed of oil rather
than of water or of carbonic acid. It is true
that they contain the materials neceflary for all
thefe combinations, but then thefe do not take
place in the common temperature of the armof-
phere; all the three elements remain combined
in a ftate of equilibrium, which is readily de-
ftroyed by a temperature only a little above that
. of boiling water *,

Bb TaBLg

* See Part I. Chap, XII upon this fubjedt.— A,
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SECT. VI.—Objfervations upon the Combinations of
Azate with the Simple Subjtances.

Azote 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
{tate of gas in the ordinary preflure and tempe-
rature, and no degree of compreilion or of cold
has been hitherto capable of reducing it either
to a folid or liquid form. This is ikewife one
of the effential conftituent elements of animal
bodies, in which it is combined with'charcoal
and hydrogen, and fometimes with phofphorus;
thefe are united together by a certain portion of
oxygen, by which they are formed mto oxyds
or acids according to the degree of oxygena-
tion. Hence the animal fubftances may be va-
ried, in the fame way with vegetables, in three
different manners : 1ft, According to the num-
ber of elements which enter into thie compofis
tion of the bale or radical : 2dly, According to.
the proportions of thefe ‘elements :/fdﬁi:y, Ac-
cording to the degree of oxygenation, °

When combined with oxygen, azote forms
the nitrous and nitric ox}rds and acids ; when
“with hydrogen, ammoniac is produced. Its
combinations with the dther fimple elements

are
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~are very litile known; to thefe we give the

name of Azurets, preferving the termination in
uret for all nonoxygenated compounds. It is
extremely probable that all the alkaline fubftan-

‘ces may hereafter be found to belong to this

genus of azurets.

‘The azotic gas may be procured from atmof-
pheric air, by abforbing the oxygen 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 con-
ta@ muft be frequently renewed by agitation,
and by breaking the pellicle which forms on the
top of the folution. It may likewile be procus
réd by diffolving animal fubftances in dilute ni-
tric acid very little heated. In this operation
the azote is difengaged in form of gas, which
we receive under bell glafes filled with water
in the pneumato-chemical apparatus. We may
procure this gas by deflagrating nitre with char-
coal, or any other combuftible fubftance; when
with charcoal, the azotic gas is mixed with car-
bonic acid gas, which may be abforbed by a fo-
lution of cauftic alkali, or by lime water, after
which the azotic gas remains pure. We can
procure it in a fourth manner from combina-
tions of ammoniac with metallie oxyds, as point=
ed out by Mr de Fourcroy: The hydrogen of the
ammaniac combines with the oxygen of the
i | | oxyd,

]
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TasLe of the Binary Combinations of Hydrogen with

| Simple Subjtances.. ..
|\
il Simple 1+ Refulting Compoundsr.
| ! Sﬁﬁﬂgﬂfﬂ, Neaw Nﬂﬂmﬂfﬂfﬂfﬁ C Old Nanies.
by Caloric Hydrogengas ~ Inflammable air,
L1 | Azote Ammoniac K. V?l@l“& Alkali,
{1 Oxygen Water Water. -

Hydruret of fulphur, or
fulphuret of hydrogen

|

|

! ; Hydruret of phofphorus, or
! ' Phofphorus { phofphuret of hydmg’en

Sulphur
Hitherto unknown *.

Hydro-carbonous, or car- :
Chaﬂﬂal_ { l_hﬂnﬂ'hfdrnus T&dicals 'T } Nﬂt kﬂﬂl"n t-ll.l Iittlf-

Metallic fub-

Metallic hydrurets 1, as{ ¢
| ftances, as g hydruret of iron, &e % Hitherto unknown,
| II.‘IJII,. &t- ¢

#* Thefe combinations take place in the ftate of gas, and
1 form, refpedively, fulphurated and phofphorated oxygen gas.—
A.
| 4+ This combination of hydrogen with charcoal includes the
fixed and volatile oils, and forms the radicals of a confiderable
part of the vegetable and animal oxyds and acids. When it
takes place in the ftate of gasit forms carbonated hydrogen
" gas.-—ﬂ; .
hi 1 None of thefe combinations are known, and it is probable
| '. that they cannot exift, at Jeaft in the ufual temperature of the
atmofphere, owing to the great affinity of hydrogen for calo-
ric—A-

SECT.
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Seet. VIL—Obfervations upon Hydrogen, and ifs
Combinations with Simple Subftances.

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 exiltence of
which was unknown till lately, is very plentiful.
ly diftributed in nature, and aéts a very confi-
derable part in the procefles of the animal and
vegetable kingdomis. As it poflefles fo great
affinity with caloric as only to exift in the ftate
of gas, it is confequently impoffible to procure
it in the concrete or liquid ftate, independent
of combination.

To procure hydrogen, or rather hydrogen
gas, we have only to fubjet water to the attion
of a fubftance with which oxygen has greater
affinity than it has to hydrogen; by this means
the hydrogen is fet free, and, by uniting with
caloric, affumes the form of hydrogen gas. Red
hot iron is ufually’employed for this purpofe:
The iron, during the 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&tible by

the
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the magnet, and diffolves in acids without effer
velcence. il ad _

Charcoal, in a red heat, has the fame power
of decompofing water, by attrafting 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.
Thefe 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 bydrogen 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 acid, forming a
fulphat of iron or of zinc.

Some very diftinguifhed chemifts confider hy-
drogen as the phlogifon of Stalil; 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 dilengage-

- ment of hydrogen is quite infufficient to explain

the phenomena of calcination and combuftion.
We
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' 'is decanted off, and the refiduum wafked with
- boiling water ; ‘this water which has been ufed

" 'to wath out''the adhering acid is joined with

what was before ‘decanted off, and the whole is
gradually evaporated ; the diffolved fulphat of
lime criftallizes in form of filky threads, which
are removed, and-by continuing the evaporation
we procure the phofphoric acid under the ap.
pearance of a white pellucid glafs. When 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 {o pure as
that obtained by oxygenating pure pholphorus
either by combuftion or by means of nitric acid;
wherefore this latter fhould always be emplnyed
in e:xpenmqnts of refearch.

Phufphur‘us is found in almoft all amn:ml fl.ﬂa-
ftances, and in fome plants which gwe a kmd
_of animal analyfis. In all thefe it is ufually
combined with charcoal, hydrogen, and azote,
" forming very compound radicals, whn:h are, for
the moft patt, in the ftate of oxyds by a firft -
degree of union with oxygen. The difcovery
of Mr Haffenfratz, of phofphorus being contain-
ed in charcoal, gives reafon to fufpect that it is
more common in the vegetable kingdom than
has generally been fuppofed: It is certain, that,
by proper procefles, it may be procured from

every individual of fome of the families of plants.
As
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SecT. X.—Obfervations upon Charcoal, and it:
Combinations with Simple Subjances.

As charcoal has not been hitherto decompo-
fed, it muft, in the prefent ftate of our know-
ledge, be confidered as a fimple fubftance. By
modern ex:perlmenta 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 azote and phofphorus,

forming compound radicals, which may be
changed into nx}rda or acids according to their
degree of oxygenation.

To obtain the charcoal contained in vegetable
or animal fubftances, we fubjett them to the
ation of fire, at firlt moderate, and afterwards
very ftrong, on purpofe to drive off the laft por-
tions of water, which adhere very obftinately to
the charcoal. For chemical purpoles, this is
ufually done in retorts of {tone-ware or porcel-
lain, into which the wood, or other matter, is
introduced, and then placed in a reverberatory
furnace, raifed gradually to its greateft heat:
The heat volatilizes, or changes into gas, all the
parts of the body fufceptible of combining with
caloric into that form, and the charcoal, being

more fixed in its pature, remains in the retort
combined
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not attempted to form any table for their ne-
menclature. We only know that thefe radicale
are fufceptible of oxygenation, and of forming
¢he muriatic, fluoric, and boracic acids, and
that in the acid ftate they enter into a number
of combinations, to be afterwards detailed.
Chemiftry has hitherto been unable to difoxy-
genate any of them, fo as to produce them in a
fimple ftate. For this purpole, fome fubftance
muft be employed to which oxygen has a
{tronger affinity than to their radicals, either by
means of fingle aflinity, or by double elettive
attrattion. All that is known relative to the
origin of the radicals of thefe acids will be men-
tioned in the fections fet apart for confidering
their combinations with the falifiable bafes.

I

Sect. XIL—0bfervations upon the Combination
"+ of Metals with each other.

Before clofing our account of the fimple or
clementary fubftances, ir might be fuppofed ne-
;e{far}?'tu 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 Yet attempted, I have
thoughy it advileable to omit it altogether. tixll_

3 at
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TABLE of the Combinations of Azate in the flate of N
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trous Acid with the Salifiable Bafes, arranged accors
ding to the affinities of thefe Bafes with the Acid.

Names of the bafes. . Names of the neutral falts.

Barytes

Potath

Soda

Lime

Magnefia

Ammeoniae

Argill

Oxydof zine
iron
manganefe
cobalt
nickel
lead
tin
copper
bifmuth
antimony
arfenic
mercury

filver
gold
platina

Neay momenclature.

Nitrite of barytes.
potafh.
{foda.
lime.
magnefia.
AMMONIac.
argill.

Zine.

iron.
manganefe.
cobalt.
nickel.
lead.

tin.
copper.
bifmuth.
antimony.
arfenic.

Notes.

-

Thefe falts are only
known of late, and

{4 have received no par-

ticular name in the old

L

nomenclature.

As merals diffolve
both in nitrous and
nitric acids, metallic
[ falts mult of confe-
quence be formed ha-
ving different degrees
| of oxygenation. Thofe
wherein the metal is

q lealt oxygenated mult

be called Nitrites,when
more {o, Nitrats; but
the limits of this di-
ftinction are difficultly
afcertainable, The old-
der chemiflts were not
acquainted with any of

thefe falts.

It is extremely probable that gold, filver,
and platina only form nitrats, and carnot fub-

{ilt in the ftate of nitrites.

TarLE
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SecT. XNN1L.—Obfervations @cm the Nitrous and
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 Jalipetre. This falt is extratted
by lixiviation from the rubbith of old buildings,
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 argill. As all thefe falts, excepting
the nitrat of potafh, attract the moifture of the
.air, and. confequently would be difficultly pre-
ferved, advantage is taken, in the manufactures
of faltpetre and 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 argill, are precipitated, and all
_thefe nitrats are reduced to the nitrat of potath

or faltpetre *. ' -
~The nitric acid is procured from this falt by
diftillation, from three parts of pure faltpetre
_ decompofed by one part of concentrated ful-
' : phuric

: = Saltpetre is likewife procured in large quantities
* by lixiviating 'the nataral foil infome parts of Bengal,
i¢ and of the Rufian Ukrain.~E.
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phuric acid, in a retort with Woulfe’s appara-
tus, (PL IV. fig. 1.) having its bottles half fill
ed with water, and all.its joints carefully luted.
The nitrous acid pafles over in form of red va-
pours furcharged with nitrous gas, or, in other
words, not faturated with oxygen. FPart of the
acid condenfes in the recipient in form of a
dark orange red liquid, while the reft combines
with the water in the bottles. During the dif-
tillation, a large quantity of oxygen gas efcapes,
owing to the greater affinity of oxygen to calo-
xic, in a high temperature, than to nitrous acid,
though in the ufual temperature of the atmo-
iphere this affinity is reverfed. It is from the
difengagement of oxygen that the nitric acid of
the neutral falt is in this operation converted .
into nitrous acid. It is brought back to the
ftate 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.

Nitric acid 1s procurable in a more concen-
trated ftate, and with much lefs lofs, by mixing
very dry clay with faltpetre, This mixture is
put into an earthern retort, and diftilled with a
ftrong fire. The clay combines with the pot-
ath, for which it has great afhnity, and the ni.
tr_ic acid paffes over, flightly impregnated with
futmus gas. 'This is eafily difengaged by heat.
ing the acid gently in a retort, a fmall quantity

of
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Sect. XVL==0bfervations upon Phufphorous and
Phofporic Acids, and their Combinations.

Under the article Phofphorus, Part I, Set.
X. we have already given a hiftory of the dif-
covery of that fingular fubftance, with fome ob-
fervations upon the mode of its exiltence 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-
glafles, moiftened on the infide with diftilled -
water ; during combuaftion 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 oxy-
gen. This acid may be obtained concrete, in
form of white flakes, which greedily attract the
moifture of the air, by burning phofphorus ina
dry glafs over mercury.

To obtain phofphorous acid, which is phof-
phorus lefs oxygenated than in the ftate
of phofphoric acid, the phofphorus muft 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 oxy-
genated, and the pholphorous acid, in propor-
tion as it forms, has attraéted moifture from the
air, and dropped into the phial. The phofpho-

rous
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ftillation, with the muriatic. About one part
of fulphuric acid is fufficient to decompofe two
parts of decrepitated fea-falt. This operation s
performed in a tubulated retort, having Woulfe’s
apparatus, (Pl IV. Fig. 1.), adapted to it. 'When
all the junctures are properly luted, the fea-falt
is put into the retort through the tube, the ful-
phuric ariigl is poured on, and the opening im-
mediately clofed with its ground cryftal {topper.
As the muriatic acid can only fubfift in the gaf-
feous form in the ordinary temperature, we
could not condenfe it without the prefence of
water. Hence the ufe of the water with which
the bottles in Woulfe’s apparatus are half filled ;
the muriatic acid gas, driven oft from the fea-
{alt in the retort, combines with the water, and
forms what the old chemifts called fmoaking /pi-
rit of falt, or Glauber’s fpirit of [ea-falt, which
we now name muriatic acid.

The acid obtained by the above procefs is ftill.
capable of combining with a farther dofe of o-
xygen, by being diftilled from the nxyds' of
manganefe, lead, or mercury, and the refulting
acid, which we name oxygenated muriatic acid, can
only, like the former, exift in the gaffeous form,
nd is abforbed, in a much fmaller quantity !}y
water.  When the impregnation of water with
this gas is pufhed beyond a certain point, the {u-
perabundant acid precipitates to the bottom of

the vellels in a concrete form. Mr Berthollet has
fhown










SEGT-._KX_-—{}&IM?E#M upon the Nitro-Muria-
tic Acid, and its Combinations.

The nitro-muriatic acid, formerly called 4-
qua regia, is formed by a mixture of nitric and
muriatic 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 diftiné& from thofe of
all other acids, efpecially the property of diffol-
ving gold and platina.

In diffolutions of metals in this acid, as in all
other acids, the metals are firft oxydated by at-
tralting a part of the oxygen from the com.
pound radical. This occafions a difengage-
ment of a particular fpecies of gas not hitherto
defcribed, which may be called #nitro-muriatic gas;
it has a very difagreeable fmell, and is fatal to
animal life when refpired ; it attacks iron, and
caufes it to ruft; it is abforbed in confiderable
quantity by water, which thereby acquires fome
{light charalters of acidity. I had occafion to
make thefe remarks during a courfe of experi-
ments upon platina, in which I diflolved a confi-
derable quantity of that metal in nitro-muriatic
acid.

I at firft fufpetted that, in the mixture of nj.
tric and muriatic acids, the latter attrafted a

part
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Sk, XX1.—Obfervations upen the Fluoric Acid,
' and its Combinations.

Fluoric exifts ready formed by Nature in the
fluoric fpars *, combined with calcareous earth,
fo as to form an infoluble neutral falt. To ob-
tain it difengaged from that combination, fluor
fpar, or fluat of lime, is put into a leaden re-
tort, with a proper quantity of fulphuric acid, a
recipient likewile of lead, half full of water, 1s
adapted, and fire is applied to the retort. The
fulphuric acid, from its greater affinity, expels
the fluoric acid which pafles over and 1s abforb-
ed by the water in the receiver. As fluoric a-
cid is naturally in the gaffeous form in the or-
dinary temperature, We can receive it in a pneu-
mato-chemical apparatus Over mercury. We
are obliged to employ metallic veflels in this pro-
cefs, becaufe fluoric acid diffolves glafs and filici-
ous earth, and even renders thefe bodies volatile,
carrying them over with itfelf in diftillation in
the gafleous form.

We are indebted to Mr Margraff for our firft
acquaintance with this acid, though, as he could
pever procure it free from combination with a

confiderabie quantity of filicious carth, he was
| ignorant

o Commonly called Derby/bire  fpars—E.
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nity to foda than the boracic acid; this lat-
ter acid is feparated, and is procured in a
cryftalline form by cooling. This acid was
long confidered as being formed during the
procefs by which it is obtained, and was con-
fequently fuppofed to differ according to the
nature of the acid employed in feparating it
from the foda; but it is now univerfally ac-
knowledged that it is identically the fame acid,
in whatever way procured, provided it be pro-
perly purified from mixture of other acids, by
wathing, and by repeated folution and criftalli-
zation. It is foluble both in water and alkohol,
and has the property of communicating a green
colour to the flame of that fpirit. This circum-
{tance led to a fulpicion of its containing copper,
which is not confirmed by any decifive experi-
mert. On the contrary, if it contain any of
that metal, it muft only be confidered as an ac-
cidental mixture. It combines with the falifi-
able bafes in the humid way ; and though, in
this manner, it is incapable of diffolving any of
the metals diretly, 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 via ficca; for, in that cafe, argil!,
though the laft in our lit, muft be placed im-

mediately after foda.
' The
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tircly freed from the other acids employed during
the procefs by heating it in a crucible till it be-
gins to grow red ; what remains is pure con-
crete arfeniac acid.

Mr Scheelfe‘s procefs, which was repeated
with great fyccels by Mr Morveau, in the labo.
ratory at Dijun, is as follows : Diftil muriatic a.
cid from the black oxyd of manganefe, this con-
verts it into oxygenated muriatic acid, by car-
rying off the oxygen from the manganefe, re-
ceive this in a recipient containing white oxyd
of arfenic, covered by a little diftilled water ;
the arfenic decompofes the oxygenated muriatic
aciﬂl_ by carrying off its fuperfaturation of oxya
gen, the arfenic is converted into arfeniac acid,
and the oxygenated muriatic acid is brought
back to the ftate of common muriatic acid.
'The two acids are feparated by diftillation, with
a gentle heat increafed towards the end of the
operation, the muriatic acid pafles over, and the
arfeniac acid remains behind in a white concrete
form. |

The arfeniac acid is confiderably lefs volatile
than white oxyd of arfenic; it often contains
white oxyd of arfenic in folution, owing to
its not being fufficiently oxygenated ; this is
prevented by continuing to add nitrous acid, as
in the former procefs, till no more nitrous
gas is produced. From all thefe obferva-
tions I would give the following definition of

arfeniac
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Sect, XXVIL.—Obfervations upon Tartarous A-
cid, and its Combinations.

Tartar, or the concretion which fixes to the
infide of veffels in which the fermentation of
wine is completed, is a well known falt, com-
pofed of a peculiar acid, united in confiderable
excels to potath. 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 potafh, he direls 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 formed, being al-
moit infoluble in cold water, falls to the bottom,
and is feparated from the folution of potafh by
decantation ; it is afterwards wafhed in cold
water, and dried ; then pour on fome fulphuric
acid, diluted with eight or nine parts of water,
digeft for twelve hours in a gentle heat, fre.
quently ftirring the mixture ; the fulphuric acid
combines with the lime, and the tartarous acid
is left free. A fmall quantity of gas, not hi-
therto examined, is difengaged during this pro.
cefs. At the end of twelve hours, having de-
canted off the clear liquor, wath the fulphat of
lime in cold water, which add to the decanted

liquor,
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liquor, then evaporate the whole, and the tarta-
rous acid is obtained in a concrete form. Two
pounds of purified tartar, by means Of. from
eight to ten ounces of fulphuric acid, yield a-
bout eleven ounces of tartarous acid.
 As the combuftible radical exifts in excefs,
or as the acid from tartar is not fully faturated
with ‘oxygen, we call it farfarous acid, and the
neutral falts formed by its combinations with fa-
lifiable bafes tartarites. The bafe of the tarta.
‘rous acid is a carbono-hydrous or hydro-carbo-
nous radical, lefs oxygenated than in the oxalic
acid; and it would appear, from the experi-
ments of Mr Haflenfratz, that azote enters into
the compofition of the tartarous radical, even in
confiderable quantity. By oxygenating the tar-
tarous acid, it is convertible into oxalic, malic,
and acetous acids ; but it is probable the pro-
portions of hydrogen and charcoal in the radical
are changed during thefe converfions, and that
the difference between thefe acids does not alone
confift in the different degrees of oxygenation.
The tartarous acid is fulceptible of two de-
grees of faturation in its combinations 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 potafb ; by a fecond or
equal degree of faturation a perfetly neutral
falt is formed, formerly called vegetable falt,

which

u
A  ai'y
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which we name tartarite of potafh. With foda
this acid forms tartarite of foda, formerly called

Jal de Seignette, or fal polychreft of Rochell.,

Sect. XXVIL—Obfervations upon Malic Acid,
and its Combinations with the Salifiable Bafes *.

The malic acid exiflts 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 precipitates, being almoft infoluble,
and the acetite of potath or foda remains in the
liquor. The malat of lead being feparated by
decantation, is wathed with cold water, and fome °
dilute fulphuric acid is added ; this unites with
‘the lead into an infoluble fulphat, and the malic
acid remains free in the liquor.

This acid, which is found mixed with citric
and tartarous acid in a great number of fruits,
is 2 kind of medium between oxalic and ace-

tous

" @ [ have omitted the Table, as the order of affinity
is unknown, and is given by Mr Lavoifier only in al-
phabetical order. All the combinations of malic acid
with falifiable bafes, which are named malats, were R
known to the ancient chemifts,—E.
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Seet. XXIX.—Obfervations upon Pyro-lignots
Acid, and its Combinations. : .

The ancient chemifts obferved that moft of
the woods, efpecially the more heavy and com-
‘pact ones, gave out a particular acid 4pirit, by
diftillation, in a naked fire; but, before Mr
Goetling, who gives an account of his experi-
ments upon this fubjeé& in Crell’s Chemical
Journal for 1779, no one had ever made any
inquiry into its nature and properties. ‘This a-
cid appears to be the fame, whatever be the
~wood it is procured from. When firft dif
tilled, it is of a brown colour, and cunﬁderﬁbly
impregnated with charcoal and oil ; it is puri-
fied from thefe by a fecond diftillation. The py-
ro-lignous radical is chiefly compofed of hydro-

gen and charcoal.

SecT. XXX.—Obfervations upon Pyro-tartarous
dcid, and its . Combinations with the Salifiable
Bafes *.

The name of Pyro-tartarous acid is given to a
dilute empyreumatic acid obtained from puri-
fied

¥ The order of affinity of the falifiable bafes with
this acid is hitherto unknown. Mr Lavoifier, from its
fimila-
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genation, the fugar is convertible into acetous
acid, or vinegar. _

The oxalic acid, combined with a {mall quan-
tity of foda or potafth, has the property, like the
tartarous acid, of entering into a number of
combinations without fuffering decompofition :
Thefe combinations form triple falts, or neutral
falts with double bafes, which ought to have
proper names. The falt of forrel, which is pot-
ath having oxalic acid combined in excéls, is
named acidulous oxalat of potath in our new
nomenclature.

The acid procured from forrel has been
known to chemifts for more than a century,
being mentioned by Mr Duclos in the Memoirs
of the Academy for 1688, and was pretty accu-
- rately defcribed by Boerhaave ; but Mr Scheele
firlt fhowed that it contained potath, and de-
monttrated its identity with the acid formed by
the oxygenation of fugar.

Sect. XXXIIL—0b/trvations upon Acetous Acid,
and its Combinations.

This acid is compofed of charcoal and hy-
drogen united together, and brought to the
itate of an acid by the addition of oxygen ; it is
confequently formed by the fame elements with

the
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the tartarous oxalic, citric, maljc acids, and
others, but the elements exift in different pro-
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
realon to believe that the acetous radical con-
tains a fmall portion of azote ; and, as this ele-
ment is not contained in the radicals of any ve-
getable acid except the tartarous, this circum-
{tance is one of the caufes of difference. The
acetous acid, or vinegar, is produced by expo-
{ing wine to a gentle heat, with the addition of
fome ferment : This is ufually the ley, or mo-
ther, which has feparated from other vinegar
during fermentation, or fome fimilar matter.
The {piritous part of the wine, which confifts
of charcoal and hydrogen, is oxygenated, and
converted into vinegar : This operation can on- -
ly take place with free accefs of air, and is al-
ways attended by a diminution of the air em-
ployed in confequence of the abforption of oxy-
gen; wherefore, it ought always to be carried
on in veflels only half filled with the vinous li- -
quor fubmitted to the acetous fermentation. |
The acid formed during this procefs is very vo-
latile, is mixed with a large proportion of wa-
ter, and with manjr foreign fubftances; and, to
obtain it pure, it is diftilled in ftone or glafs
veflels by a gentle fire. The acid which paffes

over in diftillation is fomewhat changed by the
procefs, ‘
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procefs, and is not exaétly of the fame nature
with what remains in the alembic, but feems
lels oxygenated: This circumftance has not
been formerly obferved by chemifts.

Diftillation is not fufficient for depriving this
acid of all its unneceflary water; and, for this
purpofe, the beft way is by expofing it to a de-
gree of cold from 4° to 6° below the freezing
point, 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 gaffeous
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 reafon to believe the propor-
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 meft of the refulting neutral falts are not
criltallizable, whereas thofe produced by the
tartarous and oxalic acids are, in general, hard-
ly folublg. Tartarite and oxalat of lime are

niot
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not foluble in any fenfible degree: The malats
are a medium between the oxalats and acetites,
with refpeét to folubility, and the malic acid is
in the middle degree of faturation between the
oxalic and acetous acids. With this, as with
all the acids, the metals require to be oxydated
previous to folution,

The ancient chemifts knew hardly any of the
falts formed by the combinations of acetous acid
with the falifiable bales, except the acetites of

potafh, foda, ammoniac, copper, and lead. Mr
Cadet difcovered the acetite of arlenic *; Mr

Wenzel, the Dijon academicians Mr de Laﬂbne,
and Mr Prouft, made us acquainted with the
properties of the other acetites. From the pro-
perty which acetite of potafh poffefies, of giving
out ammoniac in diftillation, there is fome rea-
fon to fuppole, that, befides charcoal and hy.
drogen, the acetous radical contains a {mall
proportion of azote, though it is not impofiible
but the above produttion of ammoniac may be
occafioned by the decompofition of the potath.

TABLE

* Savans ‘Etrangers, Vol, IIL
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SecT. XXX VL—O0bfervations upon Benzoic Acid,
and its Combinations with Salifiable Bafes *.

This acid was known to the ancient chemifts
under the name of Flowers of Benjamin, or of
Benzoin, and was procured, by fublimation,
from the gum or refin called Benzoin : The
means of. procuring it, wiz humida, was difco-
vered by Mr Geoffroy, and perfe@ted by Mr
Scheele. Upon benzoin, reduced to powder,
pour ftrong lime-water, having rather an excels
of lime ; keep the mixture continually ftirring,
and, after half an hour’s digeftion, pour off the

liquor, and ufe frefh portions of lime-water in
~ the fame manner, {o long as there is any ap-
pearance of neutralization. Join all the de.
canted liquors, and evaporate, as far as pofiible,
without occafioning criftallization, and, when
the liquor is cold, drop in muriatic 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 witch
the lime, forming muriat of lime, which re-

mains

% Thefe combinations are called Benzoats of Lime,
Potath, Zinc, &e. ; but, as the order of affinity is up-

known, the alphabetical table js omitted, as unnecef:
fary.—E, :
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very fimilar to thofe of the oxalic and malic
acids, lead me to believe that it confifts of a

mixture of thefle two acids.

Sect. XXX VIIL.—0bfervations upon Gallic Acid,
and its Combinations with Salifiable Bafes *.

The Gallic acid, formerly called Principle of
Aftringency, is obtained from gall'nuts, either
by infufion or decottion with water, or by di-
ftillation 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 combinations, and
give the beft account of it hitherto produced.
Its acid properties are very weak; it reddens
the tincture of turnfol, decompofes fulphurets,
and unites to all the metals when they have
been previoufly diffolved in fome other acid.
Iron, by this combination, is precipitated of a
very deep blue or violet colour. The radical
of this acid, if it deferves the name of one, is

hitherto entirely unknown ; it is contained in
oak

* Thele combinations, which are called Gallats,
were all unknown to the ancients; and the order of
their aflinity is not hitherto eftablifhed.—A.
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Sect. XL.—Obfervations upon Saccholaélic Acid,
and its Combinations.

A fpecies of fugar may be extraéted, by eva-
poration, from whey, which has long been
known in pharmacy, and which has a confide-
rable refemblance to that procured from fugar
canes. This faccharine matter, like ordinary
fugar, may be oxygenated by means of nitric
acid : For this purpofe, feveral portions of ni-
tric acid are diftilled from it; the remaining li-
quid is evaporated, and fet to criftallize, by
which means criftals of oxalic acid are procu-
red; at the fame time a very fine white powder
~ precipitates, which is the faccholaétic acid dif-
covered by Scheele. It is fufceptible of com-
bining with the alkalies, ammoniac, the carths,
and even with the metals: Its action upon the
latter 1s hitherto but little known, except that,
with them, it forms dificultly foluble falts, The
order of affinity in the table is taken from Berg-
man,

N n TABLE
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Sect. XLI.—0b/fervations upon Formic Acid, and
its Combinations.

This acid was firft obtained by diftillation
from ants, in the laft century, by Samuel Fifh-
er. The fubject was treated of by Margraff in
1749, and by Meflrs Ardwiffon and Ochrn of
Leipfic in 1777. The formic acid is drawn
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 wathed the ants in cold water,
~ and dried them upon a cloth, by pouring on
~ boiling water, which diffolves the acid ; or the
acid may be procured by gentle expreflion from
the infects, in which cafe it is {tronger than in
any of the former ways, To obtain it pure, we
muft rectify, by means of diftillation, which fe-
parates it from the uncombined oily and charry
matter ; and it may be concentrated by freezing,

in the manner recommended for treating the
acetous acid.

* SECT.
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TABLE of the Combinations of the Sebacic Acid,
with the Salifiable Bafes, in the Order of Affi-

nity.

Bafes.
Barytes
Potath
Soda
Lime
Magnefia
Ammoniac
Argill
Oxyd of

ZINe
manganefle
iron

lead

tin

cobalt
copper
nickel
arfenic
bifmuth
mercury
antimony
filver

Neutral Salts.
Sebat of barytes.

potafh,
foda.

lime.
magnefia.
ammoniac.
argill,

Zince.
manganefe.
iromn.

lead

tin.
cobalt.
copper.
nickel.
arfenic.
bifmuth.
mercury.
antimony,
filver.

SEcCT,

Note~All thefe were unknown to the ancient che-

miﬂs.mﬂ_.
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Sect. XLIV.—Obfervations upon the Lithic deid,
and its Combinations with the Salifiable Bafes *.

From the later experiments of Bergman and
Scheele, the urinary calculus appears to be a
fpecies of falt with an earthy bafis ; it is flightly
acidulous, and requires a large quantity of wa-
ter for folution, three grains being fcarcely fo-
luble in a thoufand grains of boiling water, and
the greater part again criftallizes when cold.
To this concrete acid, which Mr de Morveau
calls Lithiafic Acid, we give the name of Lithic
Acid, the nature and properties of which are
. hitherto very little known. There is fome ap-
pearance that it is an acidulous neutral falt, or
acid combined in excefs with a falifiable bafe ;
and I have reafon to believe that it really is an
acidulous phofphat of lime ; if fo, it muft be
excluded from the clafs of peculiar acids.

TABLE

* All the combinations of this acid, fhould it final-
l_-,* turn out to be one, were unknown to the ancient
chemilts, and its affinities with the falifiable bafes have
not been hitherto determined.—A.
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Obfervations upon the Pruffic Acid, and its Com-
binations.

As the experiments which have been made
hitherto upon this acid feem ftill to leave a confi-
derable degree of uncertainty with regard to its
nature, I fhall not enlarge upon its properties,
and the means of procuring it pure and diffen-
gaged from combination. It combines with
iron, to which it communicates a blue colour, .
and 1s equally fufceptible of entering into com-
bination with moft of the other metals, which
. are precipitated from it by the alkalies, ammo-
niac, and lime, in confequence of greater affi-
nity. The Pruffic radical, from the experiments
of Scheele, and efpecially from thofe of Mr Ber-
thollet, feems compofed of charcoal and azote ;
hence 1t is an acid with a double bafe. The
phofphorus which has been found combined
with it appears, from ‘the experiments of Mr
Haflenfratz, to be only accidental.

Although this acid combines with alkalies,
earths, and metals, in the fame way with other
- acids, it poflefles only fome of the properties we
have been in ufe to attribute to acids, and it
may confequently be improperly ranked here in

0o the
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Defcription of the Inftruments and
Operations of Chemiftry.

INTRODUCTION.

N the two former parts of this work I defign-
edly avoided being particular in defcribing

the manual operations of chemiftry, becaufe I
had found from experience, that, in a work ap-
propriated to reafoning, minute delcriptions of
proceffes and of plates interrupt the chain of
ideas, and render the attention neceflary both
difficult and tedious to the reader. On the
other hand, if I had confined myfelf to the fum-
mary defcriptions hitherto given, beginners
could have only acquired Very vague concep-
tions of pradtical chemiftry from my work, and
mult have wanted both confidence and intereft
in operations they could nejther repeat nor

tha:gughly
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boratories, for fuch as with to acquire accurate
knowledge of the fcience of chemiftry. Thefe
fhould familiarife themfelves to the employment

of apparatus, and to the performance of experi-
ments by actual experience. Nibil ¢f in fntel-

lectu quod non prius fuerit in fenfi, the motto
which the celebrated Rouelle cauled to be pain-

ted in large charaCters in a conlpicuous part of
his laboratory, is an important truth never to
be loft fight of either by teachers or fludents of
chemiltry.

Chemical operations may be naturally divided
into feveral clafles, according to the purpofes
they are intended for performing. Some may
be confidered as purely mechanical, fuch as the
determination of the weight and bulk of bodies,
trituration, levigation, fearching, wathing, fil-
tration, &c. Others may be confidered as real
chemical operations, becaufe they are perform.-
ed by means of chemical powers and agents ;
fuch are folution, fulion, &c. Some of thefe
are intended for {eparating the elements of bo.
dies from each other, fome for reuniting thefe
elements together ; and fome, as combuftion,
produce both thefe effects during the fame pro-
eels. :

Without rigoroufly endeavouring to follow
the above method, I mean to give a detail of
the chemical operations in fuch order of ar-
rangement as feemed belt calculated for con-

veying
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| G0 - . THE L

Of the Infiruments neceffary for determining the
Abfolute and Specific Grawities of Solid and Li-

quid Bodies.

HE beft method hitherto known for deter-
mining the quantities of fubftances fub-

mitted to chemical experiment, or refulting from
them, is by means of an accurately conftruéted
‘beam and fcales, with properly regulated wei ghts,
which well known operation is called weighing.
~ The denomination and quantity of the weights
ufed as an unit or ftandard for this purpofe are
extremely arbitrary, and vary not only in diffe-
rent kingdoms, but even in different provinces
of the fame kingdom, and in different cities of
the fame province. This variation is of infinite
confequence to be well underftood in commerce
and in the arts ; but, in chemiftry, it is of no
moment what particular denomination of weight
be employed, provided the refults of experi-
ments be exprefled in convenient frattions of
the fame denomination. For this purpole, un-
til all the weights ufed in fociety be reduced to
the fame ftandard, it will be fufficient for che-
mifts in different parts to ufe the common

pound
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As the ufefulnefs and accuracy of chemiftry
depends entirely upon the determination of the
weights of the ingredients and produéts both
before and after experiments, too much preci-
fion cannot be employed in this part of the fub-
Je&t; and, for this purpofe, we muft be provided
with gooed inftruments. As we are often obli-
ged, in chemical procefles, to afcertain, within
a grain or lefs, the tare or weight of large and
heavy inftruments, we muft have beams made
with peculiar nicenefs by accurate workmen,
and thefe muft always be kept apart from the
laboratory in fome place where the vapours of
acids, or other corrofive liquors, cannot haye
accefs, otherwile the f{teel will ruft, and the ac.
curacy of the balance be deftroyed. 1 have
three fets, of different fizes, made by Mr Fon-
tin with the utmoft nicety, and, excepting thofe
made by Mr Ramfden of London, I do not
think any can compare with them for precifion
and fenfibility. The largelt of thefe is about
three feet long in the beam for large weights,
up to fifteen or twenty pounds; the fecond, for
weights of eighteen or twenty ounces, is exact
| to a tenth part of a grain; and the fmallef,
| ealculated only for weighing about one gros, s
fenfibly affeted by the five hundredth part of a
| grain.

Befides thefe nicer balances, which are only
| uled for experiments of refearch, we muft have
| Pp others
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It is.the more convenient to afflume water as

.unity in fpecific gravities, that thofe fubftances
-whofe {pecific gravity we wifh to determine, are
‘moft commonly weighed in water for that pur-
pofes. Thus, if we with to determine the fpe-

cific gravity of gold flattened under, the ham-
mer, . and {uppofing the piece of gold to weigh
8 0z. 4 gros.2% grs.-in the air *, it is fufpended
by means of a fine metallic wire under the fcale
of a hydroftatic balance, fo as to be entirely
immerfed in water, and again weighed, The
piece: of gold in Mr Briflon’s experiment loft
by this means 3 gros 37 grs.; and, as it is evi-
dent that the weight loft by a body weighed in
water is, precifely equal to the weight of the
water difplaced, or to that of an equal volume

“of water, we may conclude, that, in equal mag-

nitudes, gold weighs 4893~ grs. and water 2 53
grso which, reduced to unity, gives 1.0000 as
the fpecific gravity  of water, and 19.3617 for
that of gold,, We may operate in the fame
manner, with: all. folid fubftances, =~ We have
rarely any occafion, in chemiftry, to determine
the fpecific gravity of folid bodies, unlefs when

soperating -upon. alloys or metallic glaffes ; but

we have very. frequent neceflity to afcertain that

of fluids, as it.is often the only means of judg-

ing of their purity or degree of concentration,
This

* Vide Mr Briffon’s' Effay 'wpon-'Spécifi¢ Graviry,
P‘. 5.—-—-1.31.1 1
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© 'This “object may be very fully accomplifhed
with the hydra{taﬁc balance, by weighing a fo-

lid body ; fuch, for example, as a little ball ‘of
rock criftal fufpended by a'very fine gold wire,
firft in the air, and afterwards in the fluid
whofe fpecific gravity we with to difcover.  The
'wé‘i‘ght loft by the criftal, when weighed in the
liquor, is equal to that of ‘an equal bulk of the
tiquid. By repeating this operation fucceffively
in water and different fluids, we can very readi-
ly afcertain, by a fimple and eafy calculation,
the relative fpecific gravities of ‘thefe fluids,
either with refpe@ to each other or to water.
This method is not, however, fufficiently exact,
or, atlealt, is rather troublefome, from its ex-
‘treme delicacy, when ufed for liquids differing
but little in fpecific gravity from water 5 fuch, |
for inftance, as mineral waters, or anrothcr { |
‘water #:nntaimng very fmaill pﬁninnsuf i'nlrm 1
%Fﬁﬂeﬁ P, 9551 |
syl i‘nme operations nf thm nature, whuzh |
-Fi’.ii.'ré not hitherto been made public, I employed
AR inftrument of great fenfibility: for this pur-
pﬁf’&w'ﬁ% gr&at advantage. It confilts of a haI-
iuw cylinder, 4bcf, Pl “vit. fig. 6. of brafs, |
Uy rather of filver, loaded at its bottom;, bef, with
-'-mt -as reprefented fwimming in a jug of water, 1
Jmno. To the upper part of the cylinder is =
sttached a ftalk of filver wire, not more.than —§
‘three fourths of a line dmmnmg*furmuuntu& by

S et iodvdql bae isaTs i G
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a little cup-d, intended for containing weights ;
upon the ftalk a mark is made at g, theufe of
which we fhall prefently explain. This cylin-
der may be made of any fize ; but, to be accu-
rate, ought at leaft to difplace four pounds of
water. - The weight of  tin with which this in-
ftrument is loaded ought to be fuch as will make
it remain almoft in equilibrium in diftilled wa-
ter, and fhould not require more than half a
dram, or a dram at moft, ta make it fink to g.

. We mauft firft: determine, with great preci-
fion, the exact weight of the inftrument, and
the number of additional grains requifite for
making it fink, in diftilled water of a determi-
nate  temperature, to the mark : We then pér-.
form the fame experiment upon all the fluids
' of which we wifh to afcertain the fpecific gravi-
ty, ‘and, by means of calculation, reduce the
‘obferved differences to a common ftandard of
cubic feet, pints or pounds, or of decimal frac.
tions, comparing them with water.. This me-
thod, joined to experiments with certain rea.
gents *, is'one of the belt for determining the
quality of waters, and is even capable of point-
ing out differences. which efcape the moft accu.
rate chemical analyfis. I fhall, at fome future
| ' T period,

* For'the ufe of thele reagents fee Bergman’s excel-
* lent treatife npon-the analyfis of mineral wagers, in, his
. Chemical and Phyfical Efuys.—E. '
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period; give an account of a:very extenfive fet
of experiments. which 1 have -made rupon this.
Mjlﬂ&n . wWony wlis 124530 STB RO i)
‘Thefe metallic hydrometers are anly to be
ufed for determining the fpecific gravities of
fuch waters as cantain only neutral falts or al-
- kaline fubftances ; and they may be conftruéted
with different degrees of ballaft for alkohol and
other fpiritous liquors, When the fpecific gra-
vities of acid liquors are to be afcertained, we
muft ufe a glafs hydrometer, as reprefented
Pl. vii. fig. 14 1. This confifts of a hollow cy-
linder of glafs, abcf, hermetically fealed at its
lower end, and drawn out at the upper into a
capillary tube 4, ending in the little cup or ba-
fon d. 'This inftrument is ballafted with more
or lefs mercury, at the bottom of the cylinder
introduced through the tube, in proportion to
the weight of the liquor intended to be examin-
ed: We may introduce a fmall graduated flip
of paper into the tube ad; and, though thefe
degrees do not exattly correfpond to the frac.
tions of grains in the different liquors, they may
be rendered very ufeful in calculation..
- What is faid in this chapter may fuffice,
without farther enlargement, for indicating the
means

4+ Three or four years ago, I have feen fimilar glafs
hydrometers, made for Dr Black by B, Kme, a Tcr]r
mgmmus artift of this city.—E. .




OF CHEMISTRY. 303

means of afcertaining ‘the abfolute and {pecific
gravities of folids ‘and ‘fluids, as the neceflary
inftruments are generally known, and may eafi-
ly be procured: But; asithe inftruments I have

ufed for meafuring the gafles are not any where
defcribed; I fhall give a more: detailed account

of thefe in the following chapter.

CH A P.

......
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The jars or bell-glaffes are filled with water
in this deep part, and, being turned with their
mouths downwards, are afterwards fet upon the
helf ABCD, as fhown Plate X. Fig. 1. ¥. The
upper parts of the fides of the ciftern aboye the
level of the fhelf are called the #im or berders.
The ciftern ought to be filled with water, fo
as to fland at leaft an inch and a half deep up-
on the fhelf, and it fhould be of fuch dimen-
fions as to admit of at lealt one foot of water in
every direttion in the well. This fize is fufh-
cient for ordinary occafions ; but it is often
convenient, and even neceffary, to have more
. room ; I would therefore advife fuch as intend
to employ themfelves ufefulll.r in chemical expe-
riments, to have this apparatus made of confi.
~derable magnitude, where their place of opera-
ting will allow. The well of my principal ciftern
~ holds four cubical feet of water, and its fhelf.
has a furface of fourteen fquare feet ; yet, in;
fpite of this fize, which I at firft thought im-
moderate, I am often ftraitened for room. _'
In laboratories, where a confiderable namber
of experiments are performed, it is neceflary to,
have {everal leffer cifterns, befides the large one,
which may be called the general magazine ; and
| even fome portable ones, which may be moved
| when neceflary, near a furnace, or wherever.
| they may be wanted.. ‘There are likewife fome.
| operations which dirty the water of the appara~

Qq tus,
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tus, and, therefore require to be carried on mn
cifterns by themfelves.
It were doubtlefs confiderably ::heaper to ufe
cifterns, or iron-bound tubs, of wood fimply
dove-tailed, inftead of being lined with lead or
copper ; and in my firft experiments I ufed
them made in that way ; but I foon difcovered
their inconvenience. If the water be not always
kept at the fame level, fuch of the dovetails as
are left dry fhrink, and, when more water is
added, it efcapes thraugh the joints, and runs

put..: ;! P R O
We employ criftal jars or bell glaffes, Pl V.
Fig. 9. A. for containing the gaffes in this ap-
paratus ; and, for tranfporting thefe, when full
of gas, from one ciftern to another, or for keep-
1ing them in referve when the ciftern is too full,
-we make ufe of a flat dith BC, furrounded by a
ftanding up rim or border, with two handles
DE for caryying it by..
After feveral trials of different materials, I
have found marble the beft {ubitance for con-
Atru&ting the mercurial pneumato.chemical-ap-
paratus, as it is perfeétly impenetrable by mer+
cury, and is not liable, like wood, to feparate at
‘the junétures, or to allow the mercury to efcape
through chinks ; neither does it run the rifk of
breaking, like glafs, ftone-ware, or porcelain.
Take a block of marble BCDE, Plate V. Fig. 3.
and 4. about two feet long, 15 or 18 inches
broad,

ki - = — = — e 2
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broad, and ten inches thick, and caufe it to be
hollowed out as at 7 » Fig. 5. about four inches
deep, as a relervoir for the mercury ; and, to
be able more conveniently to fill the jars, cut
the gutter T V, Fig. 3. 4. and 5. at leaft four
inches deeper; and, as this trench may fome-
times prove troublefome, it is made capable of
being covered at pleafure by thin boards, which
flip into the grooves x y, Fig. 5. I have two
marble cifterns upon this conftruction, of dif-
ferent fizes, by which I can always employ one
of them as a refervoir of mercury, which it pre-
ferves wich more fafety thanany other veffel, being
neither fubjet to overturn, nor to any other
accident. We operate with mercury in this ap-
paratus exactly as with water in the one before
~ defcribed ; but the bell-glafles muft be of fmaller
diameter, and much ftronger; or we may ufe glafs
tubes, having their mouths widened, as in Fig.
7+ 5 thele are called cudiometers by the glafs-men
who fell them. One of the bell-glafles is repre.-
fented Fig. 5. A. ftanding in its place, and what
is called a jar is engraved Fig. 6.

The mercurial pneumato-chemical apparatus
is neceflary in all experiments wherein the dif.
engaged gafles are capable of being abforbed by
water, as 1s frequently the cafe, efpecially in all
combinations, excepting thofe of mctals,—in fer-
mentation, &c.

wEAQ T,
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2 B .G T 1L,

Of the ‘Gazometer.

I give the name of gazometer to an inftrument |
which I invented, and caufed conftru&, for the
purpofe of a kind of bellows, which might fur- .:
nith an uniform and eontinued ftream of oxy-
gen gas in experiments of fufion. Mr Meuf-
nier and I have fince made very confiderable
corrections and additions, having converted &t
into what may be called an univerfal infirument,
without which it is hardly poffible to perform
moft of the very exaét experiments. The name
we have given the inftrument indicates its in~
tention for meafuring the volume or quantity of
gas fubmitted to it for examination.
It confifts of a ftrong iron beam, DE, Pl vnr,,
Fig. 1. three feet long, having at each end, D/
and E, a fegment of a circle, likewife ftrongly
conftructed of iron, and very firmly joined. In-
ftead of being poifed as in ordinary balances,
this beam refts, by means of a cylindrical axis
of polithed fteel, F, Fig. 9. upon two large
moveable brafs frition-wheels, by which the re-
fiftance to its motion from frition is confider-
ably diminifhed, being converted into frition

of
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of the fecond order. As an additional precau-
tion, the parts of thefe wheels which fupport

- ‘the axis of the beam are covered with plates of

polithed rock-criftal. The whole of this machi-
nery is fixed to the top of the folid column of

- wood BC, Fig. 1. To one extremity D of the

beam, a fcale P for holding weights is fulpend-
ed by a flat chain, which applies to the curva-
ture of the arc zDo, in a groove made for the
purpofe. To the other extremity E of the beam
is applied another flat chain, i £ m, fo con-
ftructed, as to be incapable of lengthening or
thortening, by being lefs or more charged with
weight ; to this chain, an iron trivet, with three
branches, @i, ¢4, and 5, is ftrongly fixed at 7,
and thefe branches fupport a large inverted jar

~ A, of hammered copper, of about 18 inches di-

ameter, and 20 inches deep. The whole of
this machine is reprefented in perfpective, Pl
VHIL Fig. 1. and PL IX. Fig. 2. and 4. give
perpendicular fe&ions, which thow its interior
ftructure. '
Round the bottom of the jar, on its outfide,
is fixed (PLIX. Fig.2.) a border divided into
compartments 1, 2, 3, 4, &c. intended to re.
ceive leaden weights feparately reprefented 1,
2, 3, Fig. 3. Thefe are intended for increa.
fing the weight of the jar when a confiderable

:. pre-ﬂ'ure is requifite, as will be afterwards ex.
. plained, though fuch neceflity feldom occurs,

The
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The cylindrical jar A is entirely open below,
de, Pl. 1X. Fig. 4.; but is clofed above with
a copper lid, @b ¢, open at b f, and capable of
being fhut by the cock g. This lid, as may be
feen by infpeéting the figures, is placed a few
inches within the top of the jar to prevent the
jar from being ever entirely immerfed in the
water, and covered over. Were I to have this
inftrument made over again, I fhould caufe the
lid to be confiderably more flattened, fo as to
be almoft level. This jar or refervoir of air is
contained in the cylindrical copper veffel,
LMNO, Pl VIIL Fig. 1. filled with water.

In the middle of the cylindrical veflel LMNO,”
PL. IX. Fig. 4. are placed two tubes sz, XYs
which are made to approach each other at their
upper extremities 7y ; thefe are made of fuch a
length as to rife a little above the upper edge
LM of the veflel LMNO, and when the jar
abede touches the bottom NO, their upper ends
enter about half an inch into the conical hol-
low &, leading to the ftop-cock g. et

The bottom of the veflel LMNO is repre-
fented Pl. IX. Fig. 3. in the middle of which a
{mall hollow {emilpherical cap is foldered, which
may be confidered as the broad end of a funnel
reverfed ; the two tubes sz, wy, Fig. 4. are a-
dapted to this cap at s and ¥, and by this means
communicate with the tubes mm, an, oo, pp,
Fig. 3. which are fixed:horizontally upon the
: ' bottom
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bottom of the veffel, and all of which terminate
m, and are united by, the fpherical cap sx.
Three of thefe tubes are continued out of the
veflel, as in Pl. VIIL Fig. 1. The firft marked
in that figure 1, 2, 3, is inferted at its extremi-
ty 3, by means of an intermediate ftop-cock 4,
to the jar V. which ftands upon the fhelf of a
{mall pneumato-chemical apparatus GHIK, the
infide of which is fhown PL IX. Fig. 1. The
{fecond tube is applied againft the outfide of the
veflel LMNO from 6 to 7, i$ continued at 8, 9,
10, and at 11 is engaged below the jar V. The'
former of thefe tubes is intended for conveying
gas into the machine, and the latter for con.
ducting fmall quantities for trials under jars.
The gas 13 made either to flow into or out of

" the machine, according to the degree of preflure

it receives ; and this preflure is varied at plea.

{ure, by loading the fcale P lefs or more, by

means of weights. When gas is to be intrody.
ced into the machine, the preflure is taken off,
or even rendered negative; but, when £as 18 to
be expelled, a preflure is made with fuch de-
aree of force as is found neceflary, :
The third tube 12, 13, 14, 15, is intended
for conveying air or gas to any neceffary place
or apparatus for combultions, combinations, or

- any other experiment in which it is required.

To explain the ufe of the fourth tube, I muft’
enter into fome difcuflions. Suppofe the vef.

fel
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fel LMNO, PL VIII. Fig. 1. full of water, and
the jar A partly filled with gas, and partly with
water ; it is evident that the weights in the ba-
fon P may be fo adjufted, as to occafion an ex-
att equilibrium between the weight of the bafon
and of the jar, fo that the external air fhall not
tend to enter into the jar, nor the gas toheﬁ:ape
from it ; and in this cafe the water will {tand

exadtly at the fame level both within and with-
out the jar. On the contrary, if the weight in
the bafon P be diminithed, the jar will then
prels downwards from its own gravity, and the
water will ftand lower within the jar than it -
does without ; in this cafe, the included air or
gas will fuffer a degree of compreflion above
that experienced by the external air, exaétly
proportioned to the weight of a column of wa-
ter, equal to the difference of the external and
internal furfaces of the water. From thefe re-
fleGions, Mr Meufnier contrived a method of
determining the exalt degree of preflure to
which the gas contained in the jar is at any
time expofed. For this purpofe, he employs a
double glafs fyphon 19, 20, 21, 22, 23, firmly
cemented at 19 and 23. The extremity 19 of
this fyphon communicates freely with the water
in the external veflel of the machine, and the
extremity 23 communicates with the fourth
tube at the bottom of the cylindrical veffel, and

confequently, by means of the perpendicular
' | tube

=y = = S SE— _-.n.'l-'ﬂ' L— "R -
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tube s#, Pl. IX. Fig. 4. with the air contained
in the jar. He likewife cements, at 16, Pl. VIII.
Fig. ‘1. another glafs tube 16, 17, 18, which
communicates at 16 with the water in the exte-
rior veflel LMNO, and, at its upper end 18, is
open to the external air.

By thefe feveral contrivances, it is evident
that the water muft ftand in the tube 10, 17,
18, at the fame level with that in the ciftern
LMNO ; and, on the contrary, that, in the
branch 19, 20, 21, it muft ftand higher or low-
~ er, according as the air in the jar is fubjeted to
a greater or lefler preflure than the external air.
To alcertain thele differences, a brafs fcale divi-
ded into inches and lines is fixed between thefe
two tubes. It is readily conceived that, as air,
‘and all other elaftic fluids, muft increafe in
weight by compreflion, it is neceffary to know
their degree of condenfation to be enabled to
calculate their quantities, and to convert the
meafure of their volumes into correfpondent
weights ; and this object is intended to be ful-
filled by the contrivance now defcribed.
| But, to determine the fpecific gravity of air
| or of gaffes, and to afcertain their weight in a
| known volume, it is neceflary to know their
' temperature, as well as the degree of preflure
under which they fubfift; and this is accoms
' plithed by means of a fmall thermometer, ftrong-=
ly cemented into a brafs collet, which ferews

Rr Into
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er lower the box, and to fix it at {uch places as
is judged proper.

When the lever or beam DE ftands horizon-
tal, this box gravitates to neither fide; but,
when the jar A finks into the ciftern LMINO,
fo as to make the beam incline to that fide, it is
evident the loaded box 28, which then paffes
beyond the center of fufpenfion, muft gravi-
tate to the fide of the jar, and augment its
preflure upon the included air. This is in-
creafed in proportion as the box is raifed to-
wards 27, becaufe the fame weight exerts a
greater power in proportion to the length of
the lever by which it aéts. Hence, by moving
the box 28 alongft the rod 26, 27, wecan aug-

Jnent or diminifth the corre&ion it is intended

to make upon the preflure of the jar 5 and both
experience and calculation fhow that this may
be made to compenfate very exaétly for the lofs
of weight in the jar at all degrees of preflure.

‘I have not hitherto explained the moft jme
portant part of the ufe of this machine, which
is the manner of employing it for afcertaining
the quantities of the air or gas furnifhed during
experiments. To determine this with the moft
rigorous precifion, and likewife the quantity

| fupplied to the machine from experiments, we
| fixed to the arc which terminates the arm of

' the beam E, Pl VIII. Fig. 1. the brafs fetor

|4 m, divided into degrees -and half degrees,

which
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beam ; and the lowering of this end of the
beam is meafured by the fixed index 20, 30,
which has a Nonius giving hundredth parts of
a degree at its extremity 30,

The whole particulars of the different parts
of the above defcribed machine are reprefented
in Plate VIIL. as follow. . |

Fig. 2. Is the flat chain invented by Mr
Vaucanfon, and employed for fufpending the
fcale or bafon P, Fig. 1 ; but, as this lengthens
or thortens according as it is more or lefs load-
ed, 1t would not have anfwered for fulpending
the jar A, Fig. 1.

Fig. 5. Is the chain i # m, which in Fig.
1. fuftains the jar A. This is entirely form-
ed of plates of polithed iron interlaced into
‘each other, and held together by iron pins.
This chain does not lengthen in any fenfible de-
gree, by any weight it is capable of fupport-
ing.

Fig. 6, The trivet, or three branched ftir-
rup, by which the jar A is hung to the ba-
lance, with the fcrew by which it is fixed in an
~accurately vertical pofition.

Fig. 3. The iron rod 26, 27, which is fixe
perpendicular to the center of the beam, with
its box 28.

Fig. #. & 8. The frition-wheels, with the
- plates of rock-criftal Z, as points of contatt

-3 by
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by which the friction of the axis of the lever of
the balance is avoided.

Fig. 4. The piece of metal which fupports
the axis of the friction-wheels.

Fig. 9. The middle of the lever or beam,
with the axis upon which it moves. :

Fig. 1o. The thermometer for determining
the temperature of the air or gas contained in
the jar.

When this gazometer is to be ufed, the cil-
tern or external veflel, LMNO, PL VIIIL Fig. 1.
is to be filled with water to a determinate height,
which fhould be the fame in all experiments.
The level of the water fhould be taken when the
beam of the balance ftands horizontal ; this
Jlevel, when the jar is at the bottom of the cif-
tern, is increafed by all the water which it dif-
places, and 1s diminithed in proportion as the
jar rifes to its higheft elevation. We next en-
\deavour, by repeated trials, to difcover at what
- elevation the box 28 muift be fixed, to render
the preflure equal in all fituations of the beam.
| T fhould have faid nearly, becaufe this correc-
| tion is not abfolutely rigorous ; and differences
| of a quarter, or even of halfa line, are not of
| any confequence. This height of the box 58
| 18 not the fame for every degree of preflure, but
varies according as this is of one, two, three,
or more mches All thefe thould be reglflued
with great order and precifion,

We
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cal inftrument-maker. It is a moft valuable in-
ftrument, from-the great number of purpofes to
which it is applicable ; and, indeed, there are
many experiments which are almolt impoffible
to be performed without it. It becomes ex-
penfive, becaule, in many experiments, {uch as
the formation of water and of nitric acid, it is
abfolutely neceflary to employ two of the fame
machines. In the prefent advanced ftate of che-
miftry, very expenfive and complicated inflru-
ments are become indilpenfibly neceflary for
afcertaining the analylis and {ynthefis of bodies
with the requifite precifion as to quantity and
proportion ; it is certainly proper to endeavour
to fimplify thefe, and to render them lefs coft-
| ly; but this ought by no means to be attempt-
“ed at the expence of their conveniency of appli-
cation, and much lefs of their accuracy.

~ U DR 1R b ) 1L

| Some other methods of meafuring the wolume of
' Gapffes.

The gazometer defcribed in the foregoing
| {ection is too coftly and too complicated for be-
ing generally ufed in laboratories for mealuring
| the gafles, and is not even applicable to every

circumitance
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circumftance of this kind. In numerous feries
of experiments, more fimple and more readily
applicable methods muft be employed. For this
purpofe I fhall defcribe the means I ufed before
I was in pofleflion of a gazometer, and which I
ftill ufe in preference to it in the ordinary
courfe of my experiments.
Suppofe that, after an experiment, there is a
refiduum of gas, neither abforbablé by alkali nor
water, contained in the upper part of the jar
AEF, Pl IV. Fig. 3. {tanding on the fhelf of a
‘pneumato-chemical apparatus, of which we wifh
to afcertain the quantity, we muft firft mark the
height to which the mercury or water rifes in
the jar with great exa&nefs, by means of {hps
of paper pafted in feveral parts round the jar.
If we have been operating in mérc’n‘r}', we be-
gin by difplacing the mercury from the jar, by
introducing water in its ftead. This is readily
done by filling a bottle quite full of water ; 3 ha-
ving ftopped. it with your finger, turn it up, and
introduce its mouth below the edge of the jar ;
then, turning down its body again, the mer-
cury, by its gravity, falls into the bottle, and
the water rifes in the jar, and takes the place
nccupwd by the mercury. When this is ac-
Icnmph[hed pour fo much water into the cif-
“tern ABCD as will ftand about an inch over the
furface of the mercur}r ; then pafs the difh BG,
PL V. Fig. 9. under the jar, and carry it to the
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water ciftern, Fig. 1. and -2.. We here ex.
change the gas into another jar, which has‘_,
been previoufly graduated in the manner to be
afterwards defcribed ; and we thus judge of the
quantity or volume of the gas by means of the
degrees which it occupies in the graduated jar.
'There is another method of determining the
volume of gas, which may either be fubftituted
in place of the one above defcribed, or may be
ufefully employed as a correction or proof of
that method. After the air or gas is exchanged
from the firlt jar, marked with flips of paper,
into the graduated jar, turn up the mouth of
the marked jar, and fill it with water exadly to
the marks EF, Pl IV. Fig. 3. and by weighing
the water we determine the volume of the air or

‘gas 1t contained, allowing one cubical foot, or

1728 cubical inches, of water for each 70 pounds,
French weight.

The manner of graduating jars for this pur,
pofe is very eafy, and we ought to be provided
with feveral of different fizes, and even feyeral
of each fize, in cale of accidents. Take 2 tall,
narrow, and ftrong glafs jar, and, having filled
it with water in the ciftern, PLV, Fig. 1. placeic
upen the fhelf ABCD ; we ought always to ufe
the fame place for this operation, that the level
of the fhelf may be always exa@ly fimilar, by
which almolt the only error to which this pro-

| eels is liable will be avoided, . Then take 2 nar-

S s row
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row mouthed phial ‘which holds exactly 6 oz
3 gros 61 grs. of water, which correfponds to
10 cubical inches. If you have not one exa-
ly of this dimenfion, choofe one a little larger,
and diminifh its capacity to the fize ragﬁuiﬁtq;
by dropping in a little melted wax and rofin,
This bottle ferves the purpofe of a ftandard fuf
gaging the jars. Make the air contained in
this bottle pafs into the jar, and mark exadly
the place to which the water has defcended ;
add another meafure of air, and again mark
the place of the water, and fo on, till all the
water be difplaced. It is of great cunfequenc_é
that, during the courfe of this operation, th;;:
bottle and jar be kept at the fame temperature
with the water in the ciftern ; and, for this rea-
fon, we muft avoid keeping the hands upon ei-
ther as much as pofiible ; or, if we fufpe& they
have been heated, we muft cool them by means
of the water in the ciftern. The height of the
barometer and thermometer during this experie
ment is of no confequence.

. When the marks'have E_:een thus afcertained
upon the jér for every ten cubical inches, we
engrave a fcale upon one of its fides, by means
of a diamond pencil. Glafls tubes are gradu-
ated in the fame manner for ufing in the mer-
curial apparatus, only they muft be divided in-
to cubical inches, and tenths of a cubical inch.
The bottle ufed for gaging thefe muft hold

8 oz.
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8 0z. 6 gros 25 grs. of mercury, which exallly

- correfponds to a cubical inch of that metal.

The method of determining the volume of

air or gas, by means of a graduated jar, has the
advantage of not requiring any correction for
the difference of height between the furface of
the water within the jar, and in the ciftern ;
but it requires corretions with refpet to the
height of the barometer and thermometer. But,
when we afcertain the volume of air by weigh-
ing the water which the jar is capable of con-
taining, up to the marks EF, it is neceflary to
make a farther correftion, for the difference be- ;
tween the furface of the water in the ciftern,
and the height to which it rifes within the jar.
This will be explained in the fifth fection of this
chapter.

'S B Coap IV.

| Of the method of Scparating the different Gayffes

from each cther.

As experiments often produce two, three, or
more Ipecies of gas, it is neceffary to be able to
feparate thefe from each other, that we may af-
| certain the quantity and {pecies of each. Sup-
| pole that under the jar A, PL IV. Fig. 3. is

contained
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paratus. | It is likewife neceflary to regifter. the
difference between the {urface of the mercury in
¢he ciftern and that in the jar; and the height of
the barometer and thermometer, at the end of
each experiment.

When all the gas or gaffes abforbable by wa-
ter and potafh are abforbed, water is admitted
into the jar to difplace the mercury ; and, as is
defcribed in the preceding feétion, the mercury
in the ciftern is to be covered by one or two
inches of water. After this, the jar is to be
tranfported, by means of the flat dith BC, PL V.
Fig. 9. into the water apparatus; and the quan-
tity of gas remaining is to be afcertained by
changing it into a. graduated jar. After this,

~fmall trials of it are to be made by experiments

in little jars, to afcertain nearly the mature of
the gas in queftion. - For inftance, into a fmall
jar full of the gas, Fig. 8. Pl V. a lighted taper
is introduced ; if the taper is not immediately
extinguithed, we conclude the gas to contain
oxygen gas; and, in proportion to the bright.
nefs of the flame, we may judge if it contain
lefs or more oxygen gas than atmelpheric air
contains. If, on the contrary, the taper be in-
ftantly extinguifhed, we have ftrong reafon to
prefume that the refiduum is chiefly compofed
of azotic gas. If, upon the approach of the ta-
per, the gas takes fire and burns quietly at the
furface with a white flame, we conclude it to be

pure
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pure hydrogen gas ; if this flame is blue, we
judge it confifts of carbonated hydrogen gas;
and, if it takes fire with a fudden deflagration,
that it is a mixture of oxygen and hydrogen
gas. If, again, upon mixing a portion of the
refiduum with oxygen gas, red fumes are pro-
duced, we conclude that it contains nitrous gas.
Thele preliminary trials give fome general
knowledge of the properties of the gas, and
nature of the mixture, but are not fufficient to
determine the proportions and quantities of the
feveral gafles of which it is compofed. For this
purpofe all the methods of analyfis muft be em-
ployed; and, to direé thefe properly, it is of
great ufe to have a previous approximation by
the above methods. Suppofe, for inftance, we
know that the refiduum confifts of oxygen and
azotic gas mixed together, put a determinate
quantity, 100 parts, into a graduated tube of
ten or twelve lines diameter, introduce a folution
of fulphuret of potath in conta& with the gas,
and leave them together for fome days; the ful-
phuret abforbs the whole oxygen gas, and leaves
the azotic gas pure. Ltk :
If it is known to contain hydrogen gas, a de-
terminate quantity is introduced into Volta’s
eudiometer along{t with a known proportion of
hydrogen gas; thefe are deflagrated together by
means of the ele@rical fpark ; frefh portions of
oxygen gas are fucceflively added, till no far-
. ther
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ther deflagration takes place, and till the great-
elt poflible diminution is produced. By this
procefs water is formed, which is immediately
abforbed by the water of the apparatus ; but, if
the hydrogen gas contain charcoal, carbonic
acid is formed at the fame time, which is not
ablorbed fo quickly; the quantity of this is
readily afcertained by affifting its abforption, by
means of agitation. If the refiduum contains
nitrous gas, by adding oxygen gas, with which
it combines into nitric acid, we can very nearly
alcertain its quantity, from the diminution pro-
duced by this mixture.

I confine myfelf to thefe general examples,
which are fufficient to give an idea of this kind
of operations ; a whole volume would not ferve
‘to explain every poffible cafe. It is neceflary to
become familiar with the analyfis of gafles: by
. long experience ; we muft even acknowledge
that they moftly poflefs fuch powerful affinities
to each other, that we are not always certain of
| having feparated them completely.  In thefe
cales, we muft vary our experiments in every
| poflible point of view, add new agents to the
] cumbi.natinn, and keep out others, and continue
| our tl:mls, till we are certain of the truth and
| exattitude of our conclufions,

S E cT

e







OF CHEMISTRY. 229

@ column of mercury ftands in equilibrium with
a column of air of the fame weight. But it is
- unneceflary to prolongate the branch CD to
fuch a height, as it is evident that the barome-
ter being immerfed in air, the column of mer-
cury AB will be equally in equilibrium with a
column of air of the fame diameter, though the
leg CD be cut off at C, and the part CD be ta-

ken away altogether, |
The medium height of mercury in equili-
brium with the weight of a' column of air,
from the higheft part of the atmofphere to the
furface of the earth is about twenty-eight French

inches in the lower parts of the city of Paris;
or, in other words, the air at the furface of the
earth at Paris is ufually prefled upon by a
weight equal to that of ,a column of mercury
twenty-eight inches in height. I muft be un-
derftood in this way in the feveral parts of this
publication when talking of the different gafies,
as, for inftance, when the cubical foot of oxy-
gen gas is faid to weigh 1 oz. 4 gres, under 28
inches preflure. The height of this colunin of
mercury, fupported by the preflure of the air,
diminithes in proportion as we are elevated a.
- bove the furface of the earth, or rather above
~ the level of the fea, becaule the mercury can
only form' an equilibrium with the column of
air which is above it, and is not in the [malleft
§ 1o Kt degree
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atmofphere, or four times the weight of 28
inches of mercury, and it will then only fill the
fpace from D to E; or exaltly one quarter of
the {pace it occupied at the commencement of
the experiment. From thefe experiments, which
may be infinitely varied, has been deduced as a
general law of nature, which feems applicable
to all permanently elaftic fluids, that they di-
minifh in volume in proportion to the weights
with which they are prefled upon ; or, in other
words, ¢ the wolume of all elaftic fluids is in the
- ¢ jnverfe ratio of the weight by which they are
¢ comprefled.”

The experiments which have been made -for
mealuring the heights of mountains by means
~of .the barometer, confirm the truth of thele

deductions ; and, even {uppofing them in fome
degree inaccurate, thefle differences are fo ex-
tremely [mall, that they may be reckoned as
nullities in chemical experiments. When this
law of the comprefiion of elaitic fluids is once
well underftood, it becomes eafily applicable
to the correétions neceflary in pneumato che-
mical” experiments upon the volume of gas,
| in relation to its preflure. Thefe correétions
are of two kinds, the one relative to the varia-
tions of the barometer, and the other for the
| column of water or mercury contained in the
- jars. I fhall endeavour to explain thefe by ex-
amples, beginning with the moft fimple cafe.
Suppofe
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* Suppofe that 100’ cubical ‘inches of oxygen
gis are obtained at 10° (54.5°) of the thermo=
meter, and at 28 inches 6 lines of the barome-
ter, it is required to know what volume the 100
cubical inches of gas would occupy, under the
preflure of 28 inches *, and what is the exaét
- weight of the roo inches of oxygen gas? Let
the unknown volume, or the number of inches
this gas would occupy at 28 inches of the baro~
meter, be exprefled by #; and, fince the vo-
Iumes are in the inverfe ratio of their fuperin-
Cumben:t weights, we have the following ftate-
mem 100 cubical inches is to » inverfely as
28.5 inches of preflure is to 28.0 inches; or
direftly 28 :28.5 :: 100 # = 1a1.786 — cubi-
cal inches, at 28 inches barometrical preflure ;
that is to fay, the fame gas or air which at 28.5
in bhes of the barometer occupies 100 cabicak
mches of volume, will occupy 101.786 cubical
iriéﬁ'e.é when the barometer is at 28 inches. It
etlually eafy to calculate the weight of this
gds, occupying 100 cubical inches, under 28.5
fnches of barnmemcal' preﬁ:re fur, it cor-

R 3. i A ba ] ¥ 4 rbl}jﬂnﬂﬁ
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“. % According to the proportion of 114 to 107, given '
Pelween the French and Englith foot, 28 inches of
thie French barometer are-equal to 29.83 inches of the
gqghjh Diredions will be found in the a app:ndlx fq;
:unv:nmg{ al] the French wclghts and mealures ufe

in tlius 1.'. urﬁ into :n*rtﬁicmdmg Engllﬁl Jdencminations.”
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zrefponds to 1or.786 cubical inches at the pref-
fure of 28, and as, at this preffure, and at 10°
(54:5°) of temperature, each cubical inch of
oxygen gas weighs half a grain, it follows, that
1roo cubical inches, under 28.5 barometrical
preflure, muft weigh 50.893 grains. “This con-
clufion might have been formed more directly,
as, fince the volume of elaftic fluids is in the
inverfe ratio of their compreflion, their weights
muft be in the direét ratio of the fame compref-
fion: Hence, fince 100 cubical inches weigh
5o grains, under the preflure of 28 inches, we
have the following ftatement to determine the
weight of 100 cubical inches of the fame gas as
28,5 barometrical preflure, 28: 50::28.5: s

the unknown quantity, = 50.893.

The following cafe is more cnmphcated ?
Suppofe the jar A, Pl XII. Fig. 18. to contain

- aquantity of gas in its upper paft__ﬂC_D the

reft of the jar below CD being full of mercury,
and the whole ftanding in the mercunal bafun
or zefervoir GHIK, filled - with mer-::ur}r up to
EF, and that the difference between Ihe furface
CD of the mercury in the jar, and EF, that in
the ciltern, is fix inches, while the barometer
flands at 27.5 inches. It is evident from thefe

. data, that the air contained in ACD is prefled

upon by the weight of the atmofphere, diminifh-

ed by the weight of the column of mercury CE,
| or by 27.5 — 6 = 21.5 inches of ba.rnmetncah

preflure.
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preflure. - This air is therefore lefs comprefled 3|
‘than the atmofphere at the mﬁn;hmght of the
‘barometer, and . confequently occupies more.
fpace than it would occupy at the mean pref«
fure, the difference being exattly proportional
to the difference between the comprefling
weights.  If, then, upon meafuring the fpace
ACD, it is found to be 120 cubical inches, it
muit be reduced to the volume which it would
occupy under the mean preflure of 28 inches,
This is done by the following ftatement :
120: #, the unknown volume, ::21.5: 28 in-

1) Lal lew i JI20 MRS ) .
verfely ; this gives #= "8 o T 9nI43°Cu

bical inches.

In thefe calculations we may either reduce
the height of the mercury in the ‘barometer,
and the difference of level in the jar and bafon,
into lines or decimal frations of the inch; but
I prefer the latter, as it is more readily calcula-
ted, As, in thefe operations, which frequently
recur, it is of great ufe to have means of abbre-
viation, I have given a tab]e in the append:x.
for reducing lines and fra&mns of lines into de-
cimal fractions of the inch.

‘In experiments performed in ‘the water-appa-
ratus, we muft make fimilar corrections to pro-
cure rigoroufly exact refults, by taking into ac-
count, and making. allowances for the difference
of height of the water ‘within the jar above thg

fqrface of the water in the ciftern. But, as the.
preflure

I T T [ — g
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preffure of the atmofphere is exprefled in inches
and lines of the. mercurial barometer, and, ‘as
homogeneous quantities only can be calculated
together, we muft reduce the obferved inches
and lines of water into correfpondent heights of
the mercury. I have given a table in the ap-
pendix for this converfion, upon the fuppofition
that mercuryis1 3.5681 times heavier than water;

*f'-"s PEl@lliEpeg enivy;

Of Corrections relative to the Degrees of the Ther-
mometer. ‘ .

- In afcertaining the weight of gaffes, befides
reducing them to a mean of barometrical prei'"_-}
fure, as directed in the preceding fection, we
muft likewile reduce them to a ftandard ther.
mometrical temperature ; becaufe, all elaflic
fluids being expanded by heat, and condenfed
by cold, their weight in any determinate vo.
lume is thereby liable to confiderable altera.
tions.  As the temperature of 10° (54.5°) is a
medium between the heat of fummer and the
| cold of winter, being the temperature of {ub.
terraneous places, and that which is moft cafily
' approached to at all feafons, I have chofen that
| degree as a mean to which I reduce air or gas

' 1n this fpecies of calculation,

% o i n bt
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Mr de Luc found that atmofpheric air
increafed 25 part of its bulk, by each degree
of a mercurial thermometer, divided into 81
degrees, between the freezing and boiling
points ; this gives - part for each degree
Reaumur’s thermometer, which is divided into
8o degrees between thefe two points. The ex-
periments of Mr Monge feem to make this di.
latation lefs for hydrogen gas, which he thinks
is only dilated 5. We have not any exa& ex-
periments hitherto publifhed refpecting the ra-
tio of dilatation of the other gaffes ; but, from
the trials which have been made, their dilata-
tion feems to differ little from that of atmo.
{pheric air. Hence I may take for granted, till
farther experiments give us better information
upon this fubjet, that atmofpherical air is dila-
ted i part, and hydrogen gas —X_ part for
each degree of the thermometer ; but, as there
is ftill great uncertainty upon this point, we
ought always to operate in a temperature as
near as poffible to the ftandard of 10°, (54.5°)
by this means any errors in correfting the
weight or volume of gaffes by reducing them to
the common ftandard, will become of little mo.
ment. |

The calculation for this corretion is ex-
tremely ealy. Divide the obferved volume of
air by 210, and multiply the quotient by the
degrees of temperature aboye or below 10°

e (54:5°)-
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{(54-5°).  This corre@tion is negative when the
actual temperature is above the ftandard, ?nd
pofitive when below. By the ufe of logarith-
mical tables this calculation is: much facilita.
ded *,

il D st b VII..

Example for calculating the Corre@ions relative to
the Variations of Preffure and Temperature.

A i e

In the jar A, PLIV. Fig. . ftanding in a
-Water apparatus, is contained 353 cubical inch-
es of air ; the furface of the water within the
jar at EF is 4% inches above the water in the
ciftern, the barometer is at 27 inches g lines,
and the thermomerer at 5D (6.5.?5‘}. Having
burnt a quantity of phofphorus in the air, 'by
which concrete phofphoric acid is produced, the
air after the combuftion occupies 295 cubical

Uu | v ooprinchesy

~* When Fahrenheit’s thermometer s employed, the
' dilatation by each degree muft be fmaller, in the pro-

portion of 1 to 2.25, becaufe each u.i__t:&rg:: of Reanmur's
_ fcale contains 2.25 degrees of Fahrenheir ;. hence we

muft divide by 472.5, and finith the reft of the calcu.
lation as above,.—E,
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. inches, the water within the jar ftands 7 inches
above that in the ciftern, the barometer is at 27
inches g% lines, and the thermometer at 16°
(68°). It is required from thefe data to deter-
mine the attual volume of air before and af-
ter combuftion, and the quantity abforbed du-
ring the procefs. '

Calculation before Combuftion.

The air in the jar before combuftion was 353
cubical inches, but it was only under a barome- |
trical preflfure of 27 inches g lines ; which, re-
duced to decimal fraitions by Tab. I of the §
Appendix, gives 27.79167 inches; and from
this we mult deduét the difference of 4 inches §
‘of water, which, by Tab. Il. correfponds to
'5.33166 inches of the barometer ; hence the
real preflure of the air in the jar is 27.46001. |
As the volume of elaftic fluids diminifh in the
inverfe ratio of the comprefling weights, we
‘have the following ftatement to reduce the 353
inches to the volume the air would occupy at
.28 inches barometrical preflure.
253 : X, the unknown ml“i“':’ :2 27.46001:28,
Hence, » = 3'53)“2;'4603! = 346.192 cubical}

-

inches, which is the volume the fame quamit |
of air would have occupied at 28 inches of the
barometer. : . -
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The z1oth part of this correfted volume is
1.65, which, for the five degrees of temperature
above the ftandard gives 8.255 cubical inches;
and, as this correftion is fubftractive, the real
corrected volume of the air before combuftion
18 337.942 inches,

Calculation after Combujtion.

By a fimilar calculation upon the volume of
air after combuftion, we find its barometrical
preflure 27.77083 — 0.51593 = 27.25450-
Hence, to have the volume of air under the
preflure of 28 inches, 295 :x:: 27.77083: 28

2 295 ¥ 29.25490
inverfely ; or, x = = 1; =287.150s

The 210th part of this correfted volume is
1,368, which, multiplied by 6 degrees of ther-
mometrical difference, gives the fubtrallive
correction for temperature 8.208, leaving the
altual corrected volume of air after combuftion
278.942 inches.

Refult.
The corrected volume before combuf-

j t_inn K . : . O L 0 )
Ditto remaining after combuftion . 278.942

Volume abforbed during combuftion 59.000.

o E G,
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left open ; the balloon is to be exhaufted as com-
pletely as poflible, obferving carefully the de-
gree of exhauftion by means of the barometer
attached to the air-pump. When the vacaum is
formed, the ftop-cock fg is thut, and the weight
of the balloon determined with the moft fcrupu-
lous exadtitude. It is then fixed to the jar
BCD, which we fuppofe placed in water in
the fhelf of the pneumato.chemical apparatus

Fig. 1.5 the jar is to be filled with the gas we
mean to weigh, and then, by opening the ftop-
cocks fg and /m, the gas alcends into the bal-
loon; whillt the water of the ciftern rifes at the
fame time into.the jar. To avoid very trouble-
fome cotrections, it is neceffary, during this firft

| part of the operation, to fink the jar in the cif-
tern till the furfaces of the water within the jar

and without exaltly correfpond. The Itop-

cocks are again fhut, and the balloon being un-

ferewed from its conneftion with the jar, is to

be carefully weighed ; the difference between

this weight and that of the exhauited balloon js

the precife weight of the air or gas contained in

the balloon. Multiply this weight by 1728, the'
number of cubical inches in a cubjcal foot, and
divide the produ& by the number of cubical

inches contained in the balloon, the quotient is

the weight of a cubical foot of the gas or air

 {ubmitted to experiment.

l _ Fxadt
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"o - . W - i 1

-ﬁgﬁn‘ﬂi&n of the Calorimeter, or Apparatus for

meafuring Caloric.

HE calorimeter, or apparatus for meafu-

ring the relative quantities of heat con-
tained in bodies, was defcribed by Mr de la
Place and me in the Memoirs of the Academy
for 1780, p. 355. and from that Effay the ma-
terials of this chapter are extratted.

If, after having cooled any body to the free-
zing point, it be expofed in an atmofphere of
-25° (88.25°), the body will gradually become
heated, from the furface inwards, till at laft it
‘acquire the fame temperature with the fur-
rounding air. But, if a piece of ice be placed
in the fame fituation, the circumftances are
quite different ; it does not approach in the
fmalleft degree towards the temperature of the
‘circumambient air, bur remains conftantly at
Lero (32°), or the temperature of melting ice,”
- till the laft portion of ice be completely melt-
I ed. :
This phenomenon is readily explained ; AR
‘o melt ice, or reduce it to water, it requires to
" be combined with a certain portion of caloric ;

the

&
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the whole caloric attrated from the furround.
ing bodies, is arrefted or fixed at the furface or
external la)rer pf ice ,whmh it is empluyed to dif.
folve, and combines with it to form water ; the
next quantity of caloric combines with the fea ' §
cond layer to diffolve it into water, and fo on
) fucceffively till the whole ice be diffolved or
converted into water by combination with calo-
ric, the very laft atom ftill remaining at its for.
mer temperature, becaufe the caloric has never
penetrated fo far as long as any in&ermediate ice
remained to melt.
Upon thefe -pr:nmpim if we conceive a hol
'lﬂw {phere of ice at the temperature of Zero
(32°) placed in an atmofphere 10° (54.5°), and
containing a fubftance at any degree of tempe-.
rature above freezing, it follows, 1ft, - That the
heat of the external atmofphere cannot penetrate
into the internal hollow of the fphere of ice
adly, That the heat of the body placed in the
hollow of the {phere cannot penetrate outwarc
beyond it, but will be ftopped at the internal
{urface, and continually employed to melt fuc
ceflive layers of ice, until the temperature
the body be reduced to Zero (32°), by having
all its fuperabundant caloric above that tempe-
rature carried off by the ice. If the whole wa-
ter, formed within the fphere of ice during the
reduftion of the temperature of the included
“body to Zero, be carefully collected, the weiglt
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“of the water will be exaétly proportional to the
quantity of caloric loft by the body in pafiing
from its original temperature to that of melting
ice ; for it is evident that a double quantity of
caloric would have melted twice the quantity
of ice; hence the quantity of ice melted is a
vei-y exatt meafure of the quantity of caloric
employed to produce that effect, and confe-
quently of the quantity loft by the only fub-
ftance that could poflibly have fupplied it.

I have made this fuppofition of what would
take place in a hollow fphere of ice, for the pur- -
pole of more readily explaining the method ufed
in this fpecies of experiment, which was firlk
conceived by Mr de la Place., It would be dif.-
ficult to procure fuch fpheres of ice, and incon-
“venient to make ufe of them when got ; but, by
means of the following apparatus, we have re-
- medied that defe&t. I acknowledge the name
- of Calorimeter, which [ have given it, as de-
rived partly from Greek and partly from Latin,
1s in fome degree open to criticifm ; but, in mat.
ters of fcience, a flight deviation from {trict ety-
mology, for the fake of giving diftin@tnefs of
idea, is excufable; and I could not derive the
name entirely from Greek without approaching
. too nedr to the names of known inftruments
- employed for other purpofes.
| The calorimeter is reprefented in Pl. VI, It is
| fhown in perfpetive at Fig. 1. and its interior
K ftructure
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ftruture is engraved in Fig. 2. and 3. ; the for.
mer being a horizontal, and the latter a perpen-
dicular fection. Its capacity ‘or cavity is di-
vided into three parts, which, for better diftinc-
tion, 1 fhail name the interior, middle, and ex-
ternal cavities. The interior cavity £fff, Fig. 4.
into which the fubftances fubmitted to experi-
ment are put, is compofed of a grating or cage
of iron'wire, fupported by feveral iron bars; its
np&ning or mouth LM, is covered by the lid
HG, of the fame materials. ' The middle cavi-
ty & bbb, Fig. 2. and 3. is intended to contain
the ice which farrounds the interior cavity, and
which is to be melted by the caloric of the fub.
ftance employed in the experiment. 1 The ice is
fupported by the grate 72/ at the bottom of the
cavity, under which is placed the fieve n
Thefe two are reprefentgcf fepat‘ateljr'h*ﬂg 5.
and 6.

s pmpnrt’mn as the ice cnntamad in 'the
middle cavity is melted, by the caloric dl*fenga.
ged from the body placed in the interior cavity,
the water runs through the grate and fieve, and
falls through the conical funnel ccd, Fig. 3. and
tube xy, into the receiver F, Fig. r. This wa-
ter may be retained or let out at pleafure, by
means of the ftop-cock #. The external cavity'
aaaa, Fig. 2. and 2. i filled with ice, to prc-
vent any effeét upun the ice in the middle ca-

wt}r from the heat of the furrounding air, and
: the



_— =

1

OF CHEMISTRY. 247

the w;fcr produced from it is carried off through

the pipe ST, which fhuts by means of the ftop-
_cock . The whole .machine is covered by the

lid ¥F, Fig. 7. made of tin painted with oil co=
lour, to prevent ruft. .

- When  this machine is to be employed, the
middle cavity 46 4, Fig. 2. and 3. the lid GH,
Fig. 4. of the interior cavity, the external cavi-
ty aaaa, Fig. 2. and 3. and the general lid
FF, Fig. 7. are all filled with pounded ice, well
rammed, {o that no void fpaces remain, and the
ice of the middle cavity is allowed to drain.
The machine is then opened,; and the fubftance
fubmitted to experiment being placed in the in-
terior cavity, it is inftantly clofed. = After wait-
ing till the included body is completely cooled

‘to the freczing point, and the whole melted ice

has drained from the middle cavity, the water
colletted in the veffel F, Fig. 1. is accurately
weighed. . The weight of the water produced
during the experiment is an exa@ meafure of
the caloric difengaged during the cooling of the
included body, as this fubftane is evidently in
a fimilar fituation with the one formerly men.
tioned as included in a hollow fphere of ice;
the whole caloric difengaged is ftopped by the
ice in the middle cavity, and that ice is prefer-
ved from being affected by any other heat by
means of the ice contained in the general lid,
Fig. 7. and in the external cavity, Experiments

ot
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of this kind Iaft from fifteen to twenty hours;
they are fometimes accelerated by covering up
the fubltance in the interior cavity with well 1
| dramed ice, which haftens its cooling. |
‘The fubftances to be operated upon are placed
in the thin iron bucket, Fig. 8. the coverof |
which has an opening fitted with a cork, into
which a fmall thermometer is fixed. When we
ufe acids, or other fluids capable of injuring the
metal of the inftruments, they are contained in
the matras, Fig. 10. which has a fimilar ther-
mumeter in a cork fitted to its mouth, and
hich ftands in the interior cavity upon fhe
ﬁ'nall cylindrical fupport RS, Fig. 10.
It is abfolutely requifite that there be no com-
munication between the external and middle
cavities of the calorimeter, otherwife the ice
melted by the influence of the furrounding air,
in the external cavity, would mix with the wa-
ter prudnctd from the ice of the middle cavity,
which would no longer be a meafure of the ca-
loric ln& by the fubﬁan:e Iubmltte;_l to expeﬁf
ment. | :
When the temperature of the atmnibhere is
only a few degrees above the ’frehzmg point, its”
heat can hardly reach the middle cavity, being
arrefted by the ice of the cover, Fig. 7. and of’
the external cavity ; but, if the temperature of
the air be under the degree of freezing, it m:ght

cnal the ice contained in the middle cavity, b
o caufing
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caufing the ice in the external cavity to fall, in
the firft place, below zero (32°). It is therefore
effential that this experiment be carried on in a
temperature fomewhat above freezing : Hence,
in time of froft, the calorimeter muft be kept
in an apartment carefully heated. It is likewife
neceffary that the ice employed be not under
zero (32°); for which purpofe it muft be pound-
ed, and fpread out thin for fome time, in a place
of a higher temperature.

The ice of the interior cavity always retains
| a certain quantity of water adhering to its fur-
face, which may be fuppofed to belong to the
refult of the experiment; but as, at the begin-
niﬁg of each experiment, the ice is already fa-
turated with as much water as it can contain,
if any of the water produced by the caloric
fhould remain attached to the ice, it is evident,
| that very nearly an equal quantity of what ad-
 hered to it before the experiment muft have
| run down into the veffel F in its ftead ; for the
| inner furface of the ice in the middle cavity is
very little changed during the experiment,

By any contrivance that could be devifed, we
could not prevent the accefs of the external air
into the interior cavity when the atmofphere
\was 9°or 10° (52° or 54°) above zero. The
| air confined in the cawty being in that cafe {pe-
umﬁtally heavier than the external air, elcapes
#downwards through the pipe « y, Fig. 3, and is

replaced
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replaced by the warmer external air, which,
gwmg out its caloric to the ice, be:nmes hea-
vier, and finks in its turn; thus a current of
air is formed thrnugh the machine, which is the
more rapid in proportion as' the external air
exceeds the internal in temperature. This cur-
rent of warm air muft melt a part of the ice,
and injure the accuracy of the experiment : We
may, in a great degree, guard againft this fource
of error by keepmg the ftop-cock # continually
fhut; but it is better to operate only when the
temperature of the external air does not exceed
3° or at muft4, (39° to 41°); for we have.
obferved, that, in this cafe, the meItmg of the
interior ice by the atmufphem: air is perfectly
infenfible; fo that we may anfwer for the accu--
racy of our experiments upon the fpecific heat
of bodies to a fortieth part. |
" 'We have caufed make two of the above dg—_
fcribed machines ; one, which is intended for
fuch experiments as do not require the interior
air to be renewed, is precifely formed according
to the defcription here given ; the other, which
anfwers for experiments upon combuftion, rel-
piration, &c. in which frefh quantities of air are
indifpenfibly neceffary, differs from the former
in having two fmall tubes in the two lids, by
which a current of atmofpheric air may b

blown into the interior cavity of the machine.
| o

< (1 17 OF
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Tt is extremely eafy, with this apparatus, to
determine the phenomena which occur in ope-
rations where caloric is either difengaged or ab-
forbed. If we wifh, for inftance, to afcertain
the quantity of caloric which is difengaged from
a folid body in cooling a certain number of de-
grees, let its temperature be raifed to 80° (212°);
it is then placed in the interior cavity ffff,
Fig. 2. and 3. of the calorimeter, and allowed
to remain till we are certain that its tempera-
ture is reduced to zero (32°); the water pro-
duced by melting the ice during its cooling is
colleted, and carefully weighed ; and this
weight, divided by the volume of the body
fubmitted to experiment, multiplied into the
degrees of temperature which it had above zero
at the commencement of the experiment, gives
the proportion of what the Englifh philofophers
call fpecific heat, . 3
- Fluids are contained in proper veflels, whofe
fpecific heat has been previoufly afcertained,’
and operated upon in the machine in the fame
manner as dire&ed for folids, taking care to des
duct, from the quantity of water melted during _
the experiment, the proportion ‘which belongs
fo the containing veffel,
1If the quantity of caloric diféngaged during .
the combination of different fubltances is to be
determined, thefe fubftances are to be previouf-
,lf reduced to the freezing degree by keeping
tham
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colleéted, becaufe the caloric difengaged from
this air is part of the product of the experis
ment. -

It is fomewhat more difficult to determine
the fpecific caloric contained in the different
gafles, on account of their fmall degree of dens
fity ; for, if they are only placed in the calori-
meter in veflels like other fluids, the quantity
of ice melted is fo fmall, that the refult of the
experiment becomes at beft very uncertain. For
this fpecies of experiment we have contrived to
make the air pafs through two metallic worms,
or fpiral tubes; one of thefe, through which
the air paffes, and becomes heated in its way to
he calorimeter, is contained in a veflel full of
oiling water, and the other, through which
the air circulates within the calorimeter to dif-
engage its caloric, is placed in the interior ca-
ity, ffff, of that machine. By means of a
mall thermometer placed at one end of the fe-
ond worm, the temperature of the air, as it
nters the calorimeter, is determined, and its
emperature in getting out of the interior cavi-
y is found by another thermometer placed at
he other end of the worm. By this contrivance
ve are enabled to afcertain the quantity of ice
elted by determinate quantities of air or gas,
hile lofing a certain number of degrees of
emperature, and, confequently, to determine .
heir feveral degrees of fpecific caloric. The

X ¥ fame
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fame apparatus, with fome particular precaus
tions, may be employed to afcertain the quanti-
ty of caloric difengaged by the condenfation of
the vapours of different liquids.
The various experiments which may be mad
with the calorimeter do not afford abfolute con.
clufions, but only give us the meafure of rela.
tive quantities ; we have therefore to fix a unit,
or {tandard point, from whence to form a fcale
of the feveral refults. The quantity of calorie
neceflary to melt a pound of ice has been cho-
fen as this unit ; and, as it requires a pound of
water of the temperature of 60° (167°) to melt
a pound of ‘ice, the quantity of caloric exprefs
fed by our unit or {tandard point is what raifes
a pound of water from zero (32°) to 60° (167°)
When this unit is once determined, we have
only to exprefs the quantities of caloric difen
gaged from different bodies by cooling a ce
“tain number of dcgrees, in analogous values:
The following is an eafy mode of calculatior
for this purpofe, applied_ to one of our earlieft
experiments.
We took 7 lib. 11 0z. 2 gros 35 grs. of plates
iron, cut into narrow flips, and rolled up,
expreffing the quantity in decimals, 7.70703105
Thefe, being heated in a bath of boiling water
to about 78° (207.5°), were quickly introduc
into the interior cavity of the calorimeter: At

= P P 1 =
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the end of eleven hours, when the whole quan-
| tity of water melted from the ice had thorough=
1y drained off, we found that 1.109795 pounds
| of ice were melted. Hence, the caloric dilen-
- gaged from the iron by cooling 78° (175-5°)
having -melted 1.109795 pounds of ice, :.0W
much would have been melted by cooling 60°
| (135°)? This queftion gives the following ftate-
ment in direct proportion, 78:1.109795::60:x=
| 0.85369. Dividing this quantity by the weight
| of the whole iron employed, viz. 7.7070319, the
| quotient o.110770 is the quantity of ice which
would have been melted by one pound of iron
whillt cooling through 60° (135°) of tempera-
 ture. _
i Fluid fubltances, fuch as fulphuric and nitric
| acids, &c. are contained in a matras, Pl. VL
| Fig. 9. having a thermometer adapted to the
' cork, with its bulb immezrfed in the liquid. The
| matras is placed in a bath-of boiling water, and
.when, from the thermometer, we judge the li-
quid is raifed to a proper temperature, the ma-
' tras is placed in the calorimeter. The calcula-
' tion of the products, to determine the {pecific
caloric of thefe fluids, is made as above direc-
| ted, taking care to dedu& from the water ob.
| tained the quantity which would have been
 produced by the matras alone, which muft be
alcertained by a previous experiment. The
' table
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| Of Mechanical Operations for Divifion of Bodies.

.._-—*-'—'-
Sl 510 5 Tassi ke
Of Trituration, Levigation, and Pulverization.

HESE are, properly {peaking, only preli-
minary mechanical operations for divid-
ing and feparating the particles of bodies, and
reducing them into very fine powder. Thefe
operations can never reduce fubftances into their
primary, or elementary and ultimate particles ;
they do not even deftroy the aggregation of bo-
dies ; for every particle, after the moft accurate
trituration, forms a {inall whole, refembling the
original mafs from which it was divided. The
real chemical operations, on the contrary, fuch
as folution, deftroy the aggregation of bodies,
and feparate their conftituent and integrant par-
ticles from each other. '
Brittle
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Brlttle fubftances are reduced to powder by
means of pefties and mortars, Thele are of
brafs or iron, PL. L. Fig. 1.; of marble or gras
nite, Fig. 2.; of lignum vitae, Fig. 3.; of glafs,
Fig. 4.; of agate, Fig. 5.5 or of porcellain,
¥ig. 6. Lhe peftles for each of thefe are repre.
lented in the plate, immediately below the mor-
tars to which they relpettively belong, and are
made of hammered iron or brafs, of wood,
glafs, porcellain, marble, granite, or agate,
according to the nature of the fubftances they
are intended to triturate. In every laboratory,
it 13 requifite to have an affortment of thefe
utenfils, of various fizes and kinds : Thofe of
porcellain and glafs can only be ufed for rub-
bing fupitances to powder, by a dexterous ufe
of the peftle round the fides of the mortar, as it
would be eafily broken by reiterated blows of
the peftle.

The bottom of mortars ought to be in thm
form of a hollow {phere, and their fides fhould
have fuch a degree of inclination as to make
the fubftances they contain fall back to the bot.:
tom when the peftle is lifted, but not fo perpen.
dicular as to colle& them too much together,
otherwife too large a quantity would get helow
the peftle, and prevent its operation. = For this
reafon, likewife, too large a quantity of the fub-
ftance to be powdered ought not to be put into
the mortar at one time; and we mufk fro
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time to time get rid of the particles already re-
duced to powder, by means of fieves to be af-
‘terwards defcribed. |
The moft ufual method of levigation is by
means of a flat table ABCD, Pl 1. Fig. 7. of
porphyry, or other ftone of fimilar hardnels, up-
on which the fubftance to be reduced to powder
is fpread, and is then bruifed and rubbed by a
~muller M, of the fame hard materials, the bot-
tom of which is made a fmall portion of a large
fphere ; and, as the muller tends continually to
drive the fubftances towards the fides of the
table, a thin flexible knife, or fpatula of iron,
horn, wood, or ivory, is ufed for bringing them
back to the middle of the {tone.
~In large works, this operation is performed
by means of large rollers of hard ftone, which
turn upon each other, either horizontally, in the -
- way of corn-mills, or by one vertical roller
turning upon a flat ftone. In the above opera-
tions, it is often requifite to moiften the fub.
ftances a little, to prevent the fine powder from
flying off. )i D
- There ‘are many bodies which cannot be res
duced to powder by any of the foregoing mex
thods ; fuch are fibrous fubftances, as woods =
fuch as are tough and elaftic, as the horns ofa::
nimals, elaftic gum, &c. and the malleable me~
_tal's which flatten under the peftle, inftead of
being reduced to powder. For reducing the -
: woods
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woods to powder, rafps, as Pl. 1. Fig, 8, are em«
ployed ; files of a finer kind are ufed for horn,
and ftill finer, Pl. 1. Fig. §:and 10. for metals,

Some of the metals, though not brittle e-
nough to powder under the peftle, are too foft
to be filed, as they clog the file, and prevent its
operation.  Zinc is one of thefe, bu it may be
~ powdered when hot in a heated iron mortar, or
it may be rendered brittle, by alloying it with
a fmall quantity of mercury. One or other of
thefe methods is ufed by fire-work makers for
producing a blue flame by means of zinc. Me-
tals may be reduced into grains, by pouring
‘them when melted into water, which ferves ve-
ry well when they are not wanted in fine pow.
der.

Fruits, potatoes, &c. of a pulpy and fibrous
nature may be reduced to pulp by means of the
grater, PL 1. Fig. 11.

The choice of the different fubftances o 3
which thefle inftruments are made is a matter of
importance ; brafs or copper are unfit for ope-
rations upon fubftances to be ufed as food or ir
pharmacy ; and marble or metallic inftruments
muft not be ufed for acid fubftances; hence
mortars of very hard wood, and thofe of porce-
lain, granite, or glafs, are of great utility in
many operations.

F]

‘ST @919



OF CHEMISTRY. 361

S e et

- Of Sifting and -Waﬂafrtg Powdered Subflances.

None of the mechanical operations employed
for reducing bodies to powder is capable of pro-
ducing it of an equal degree of finenefs through-
out; the powder obtained by the longeft and
moft accurate trituration being {ftill an affem-
blage of particles of various fizes. The coarfer
of thele are removed, {fo as only to leave the
finer and more homogeneous particles by means
of fieves, PL L. Fig. 12. 13. 14. 3 5. of different
finenefles, adapted to the particular purpofes thEJy
are intended for ; all the powdered matter
which is larger than the inteflices of the fieve
remains behind, and is again fubmitted to the
peftle, while the finer pafs through. The fieve
Fig. 12. is made of hair.cloth, or of filk-gauze ;
and the one reprelented Fig. 13. is of parch.
ment pierced with round holes of a proper fize ;
this latter is employed in the manufaGure of
gun-powder. When very fubtile or valuable
- materials are to be fifted, which are eaﬁi}
' dilperfed, or when the finer parts of the powder
may be hurtful, a compound fieve, Fig. 153. is
made ufe of, which confifts of the fieve ABED.
with a lid ET, and receiver GII; thefe three

Lz parts
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parts are reprefented as joined together for ufe,
Fig. 14. . |
There is a method of procuring powders of
an uniform finenefs, confiderably more accu-
rate than the fieve; but it can only be ufed
with fuch fubftances as are not acted upon by
water. The powdered fubftance is mixed and
agitated with water, or other convenient fluid ;
the liquor is allowed to fettle for a few mo-
ments, and is then decanted 'off ; the coarfeft
powder remains at the bottom of the veffel, and
the finer pafles over with the liquid. By re-
peated decantations in this manner, various fe-
diments are obtained of different degrees of
finenefs ; the laft fediment, or that which re-
mains longelt fulpended in the liquor, being the
fineft. 'This procefs may likewife be ufed with
advantage- for feparating fubltances of different
degrees of Ipecific gravity, though of the fame
finenels ; this laft is chiefly employed in ‘mining,
for feparating the heavier metallic ores from the
lighter earthy matters with which they are mix.
ed. | ' ' '
In chemical laboratories, pans and jugs of
‘glafs or earthen ware are employed for this 0-
peration ; fometimes, for decanting the liquor
without difturbing the fediment, the glafs fy-
phon ABCHI, PL II Fig, 11. is ufed, which
may be fupported by means of the perforated
board DE, at the proper depth in the vellel

¥G, to draw off all the liquor required into the
receiver
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receivet LM. The principles and application
of this ufeful inftrument are fo well known as
to need no explanation.

vl Ve Tt 111,
of F:'.r'.fr;aﬁﬂn.

~ A 'filtre is a fpecies of very fine fieve, which
is permeable to the particles of fluids, but
through which the particles of the fineft pow-
dered folids are incapable of pafling ; hence its
ufe in feparating fine powders from fufpenfion
in fluids. In pharmacy, very clofe and fine
woollen cloths are chiefly ufed for this opera-
tion ; thefe are commonly formed in a conical
thape, Pl II. Fig. 2. which has the advantage
of uniting all the liquor which drains through
into a point A, where it may be readily collect-
ed in a narrow mouthed veflel. In large phar-
maceutical laboratories, this filtring bag is

ftreached upon a wooden ftand, Pl II. Fig. 1.
. For the purpofes of chemiftry, as it is requi-
. fite to have the filtres perfectly clean, unfized
paper is fubftituted inftead of cloth or flannel ;
-~ through this fubftance, no folid body, however
finely it be powdered, can penetrate, and fluids
percolate through it with the greateft readinefs,
As
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by the aftion of the alkohol without the affilt-
ance of heat.

~ As moft of the acids are produced by diftil-
lation, and are confequently clear, we have rarely
any occafion to filtrate them ; but if, at any
time, concentrated acids require this operation,
it is impoflible to employ paper, which would
be corroded and deftroyed by the acid. For
this purpofe, pounded glafs, or rather quartz or
tock criftal, broke in pieces and grofsly pow-
dered, anfwers very well ; a few of the larger
pieces are put in the neck of the funnel ; thefe
are covered with the fmaller pieces, the finer
powder is placed over all, and the acid is poured
on at top. For the ordinary purpofes of focie-
ty, river-water is frequently filtrated by means
" of clean wafhed fand, to feparate its impuri-
ties.

oyt A el o IV.
Of Decantation.

This operation is often fubftituted inftead of
filtration for [eparating folid particles which are
diffufed through liquors. Thefe are allowed to
{ettle in conical veflels, ABCDE, Pl 1L Fig. 10.
the diffufed matters gradually {ubfide, and the

clear
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clear fluid is gently poured off, If the fediment
be extremely light, and apt to mix again with
the fluid by the {flighteft motion, the fyphon,
Fig. 11. is ufed, inftead of decantation, for
drawing off the clear fiuid. .
- In experiments, where the weight of the pre.
cipitate muft be rigoroufly afcertained, decan.
tation is preferable to filtration, providing the
precipitate be feveral times wathed in a confid
able proportion of water. The weight of the
precipitate may indeed be afcertained, by care-
fully weighing the filtre before and after the o.
peration ; but, when the quantity of precipitate
is {mall, the different proportions of moifture
retained by the paper, in a greater or leffer de-
gree of exficcation, may prove a material fource
of error, which ought carefully to be guarded
againft, |

o
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i
N A

Of Chemical Means for feparating the Particles of
Bodies from each ather, without Decompofition,

and for uniting them again.

have already fhown that there are two me-

thods of dividing the particles of bodies, the
mechanical and chemical. The former only fe-
parates a folid mafs into a great number of
fmaller mafles ; and for thefe purpofes various
fpecies of forces are employed, according to cir-
cumftances, fuch as the ftrength of man or of
-animals, the weight of water applied through
the means of hydraulic engines, the expanfive
power of [team, the force of the wind, &c. By
all thefe mechanical powers, we can never re-
duce fubftances into powder beyond a certain
degree of finenefs; and the fmalleft particle
produced in this way, though it feems very
minute to our organs, is flill in fa¢t a moun-
tain, when compared with the ultimate elemen-
tary particles of the pulverized fubftance.

The chemical agents, on the contrary, divide
bodies into their primitive particles. If, for in-
ftance, a neutral {alt be atted upon by thefe, it
is divided, as far as is poffible, without ceafing
to be a neutral falt, In this Chapter, I mean to

give
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give examples of this kind of divifion of bodies,
to which I fhall add fome account of the relas
tive operations. |

s Dol R L.

Of the Solution of Salts.

In chemical Ianguag:, the terms of ﬁfﬁrian :
and diffolution have long been confounded, and
have very improperly been indifcriminately em-

ployed for exprefling both the divifion of the
particles of a falt in a fluid, fuch as water, and
the divifion of a metal in an acid. A few re.
fleCtions upon the effefts of thefe two opera-
tions will fuffice to thow that they ought not to
be confounded together. In the folution of
falts, the faline particles are only feparated from
each other, whillt neither the falt nor the water
- are at all decompofed ; we are able to recover
both the one and the other in the fame quantity
as before the operation. The fame thing takes
place in the folution of refins in alkohol. Du-
ring metallic diflolutions, on the contrary, a |
decompofition, either of the acid, or of the wa-
ter which dilutes it, always takes place; the =
metal combines with oxygen, and is changed
into an oxyd, and a gaffeous fubftance is difen-
gaged ; fo that in reality none of the fubftan-
- : ces
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ces employed remain, after the operation, in the
fame ftate they were in before. This article is
entirely confined to the confideration of folu-
tion.
~ To underftand properly what takes place du-
ring the folution of falts, it is neceflary to know,
that, in moft of thefe operations, two diftinct
effe@ts are complicated together, viz. {olution by
water, and folution by caloric ; and, as the ex-
planation of moft of the phenomena of folution
depends upon the diltinétion of thefe two cir-
cumftances, I fhall enlarge a little upon their
nature.
Nitrat of potafh, ufually called nitre or falt-
petre, contains very little water of criftalliza.
tion, perhaps even none at all ; yet this falt li-
‘quifies in a degree of heat very little fuperior to
that of boiling water. This liquifaétion cannot
therefore be produced by means of the water of
criftallization, but in confequence of the falt being
very fufible in its nature, and fromits paffing from
the folid to the liquid ftate of aggregation, when
but a little raifed above the temperature of boil-
ing water. All falts are in this manner fufcep-
tible of being liquified by caloric, but in higher
or lower degrees of temperature. Some of
thefe, as the acetites of potafh and foda, liquify
with a very moderate heat, whillt others, as {ul.
phat of potafh, lime, &c. require the {trongeft
fires we are capable of producing, 'This liqui-
3 A fadlion
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faction of falts by caloric produces exaltly the |
fame phenomena with the melting of ice; it ' !
accomplifhed in each falt by a den:ermmate de«
gree of heat, which remains invariably the fame
durtng the whole time of the liquifaétion. Ca-
loric is employed, and becomes fixed during the
melting of the falt, and is, on the contrary, dif
engaged when the falt coagulates. Thefe are
gencral phenomena which univerfally occur d
ring the paflage of every fpecies of fubftance
from the folid to the fluid ftate of aggregauun ;_
and from fluid to folid.
~ Thefe phenomena anf' ing from folution by
caloric are always lefs or more conjoined with
 thofe which take place during folutions in water
‘We cannot pour water upon a falt, on purpofe
to diffolve it, without employing a compound
‘folvent, both water and caloric ; ; hence we majy
diltinguith feveral different cafes of folution, ac-
cording to the nature and mode of exiltence of
“each falt. 1f, for inflance, a falt be difficulil
foluble in water, and readily fo by caloric, it
evidently follows, that this falt will be difficult-
ly foluble in cold water, and confiderably in
hot water ; fuch is nitrat of potath, and more
efpecially oxygenated muriat of potafh. If an.
‘other falt be little foluble both in water and ca-
‘loric, the difference of its folubility in' cold and ¥
~warm water will be very inconfiderable ; ful-

phat of lime is of this'kind. - Fron'thefe'confi- &
| derations,
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_derations, it follows, that there is a neceflary
relation between the following circumftances 3
the folubility of a falt in cold water, its folubility
in boiling water, and the degree of temperature
at which the fame falt liguifies by caloric, unaffift-
.ed by water ; and that the difference of {olubility
o hot and cold water is fo much greater in pro-
.portion to its ready {olution in caloric, or 1n
proportion to its {ulceptibility of liquifying in 2
low degree of temperature.
~ The above is a general view of folution; but,
for want of particular facts, and fufhciently ex-
_at experiments, it is {till nothing more than an
-approximation towards a particular theory. The
means of compleating this part of chemical fci-
_ence is extremely fimple ; we have only to al-
. certain how much of each fait is diffolyed by a
certain quantity of water at different degrees of
temperature ; and as, by the e:{perir:mnt‘s pu-
_blifhed by Mr de la Place and me, the ‘_qusltnrir:it}r
of caloric contained in a pound of water at each
_ degree of the thermometer 1s accurately known,
it will be very eafly to determine, by fimple ex-
-periments, the proportion of water and caloric
_required for folution by each falt, what quantity
~ of caloric is abforbed by each at the moment of
liquifaction, and how much is difengaged at the
- moment of criftallization. Heace the realon
why falts are more rapidly {oluble in hot than
_ in cold water is perfectly evident. In all folu-

tions
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tions of falts caloric is employed ; when that is
furnithed intermediately from the furrounding -
bodies, it can only arrive flowly to the falt ;
whereas this is greatly accelerated when the re-
quifite caloric exifts ready combined with the
water of folution. ]

In general, the fpecific gravity of water is
augmented by holding falts in folution ; but
there are fome exceptions to the rule. Some
time hence, the quantities of radical, of oxygen,
and of bafe, which conftitute each nentral falt,
the quantity of water and caloric neceffary for
folution, the increafed {pecific gravity commu.
- nicated to water, and the figure of the elemen |
tary particles of the criftals, will all be accurate-
ly known. From thefe all the circumftances
and phenomena of criftallization will be ex- %
plained, and by thefe means this part of chemifs
try will be compleated. Mr Seguin has formed
the plan of a thorough inveftigation of thig
kind, which he is extyemely capable of execus.
ting. i

"The folution of falts in water requires no par-
ticular apparatus ; {mall glafs phials of differeng
fizes, Pl II. Fig. 16. and 17. pans of earthern 2
ware, A, Fig. 1. and 2. long-necked matraffes;
Fig. 14. and pans or bafons of copper or of fil
ver, Fig. 13. and 15, anfwer very well for thefe
pperations. ot
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S e IR |
I{]f Lixiviation.

‘This is an operation ufed in chemiftry and
manufa@ures for feparating fubftances which
are foluble in water from fuch as are infoluble.
The large vat or tub, PL IL Fig. 12. having a
hole D near its bottom, containing a wooden
fpiget and foffet or metallic ftop-cock DE, is
generally ufed for this purpofe. A thin ftratum
of ftraw is placed at the bottom of the tub;
over this, the fubftance to be lixiviated is laid
- and covered by a cloth, then hot or cold water,
according to the degree of folubility of the fa-
line matter, is poured on. When the water is
fuppofed to have diffolved all the faline parts, it
is let off by the ftop-cock ; and, as fome of the
water charged with falt neceffarily adheres to
the ftraw and infoluble matters, feveral frefh
quantities of water are poured on. - The firaw
ferves to fecure a proper paffage for the water,
and may be compared to the ftraws or glafs
rods ufed in filtrating, to keep the paper from
touching the fides of the funnel. The cloth
which is laid over the matters under lixiviation
prevents the water from making a hollow in

thele
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thefe fubftances where it is poured on, through
which it might elcape without aéting upon the'-:!
whole malfs. - 4
This operation is lefs or more imitated in che.
mical experiments ; but as in thefe, elpecially
with analytical views, greater exaétnels is re.
quired, particular precautions muft be employ.
ed, fo as not to leave any faline or foluble part
in the refiduum, More water mult be Emplny-._q
ed than in ordinary lixiviations, and the fub-‘il
ftances ought to be previoufly ftirred up in the
water before the clear liquor is drawn off, other-
wife the whole mafs might not be equally lixi-
viated, and lome parts might even efcape alto-
gether from the action of the water. We muft
likewife employ frefh portions of water in con.
fiderable quantity, until it comes off entfrely
free from falt, which we may alcertain by means
of the hydrometer formerly defcribed. ﬁ
- In experiments with fmall quantities, this i1
ooperation is conveniently performed in jugs or
‘matraffes of glafs, and by filtrating the liquor
ithrough paper in a glafs funnel. When the
{ubftance is in larger quantity, it may be lixivi-
.ated in a kettle of boiling water, and filtrated *
through paper fupported by cloth in the we:md-_'
.en frame, PL IL Fig. 3. and 4.; and in opera.
“tions in the large way, the tub already menliag.-'_'f'
-ed mult be ufed. .

..'-'ij.i' e 364} -L.. B PP e | ,,.,. & ,,,S Ethqlf
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Of Ewaporation.

This operation is ufed for feparating two fub-l
ftances from each other, of which one at leaft
muft be fluid, and whofe degrees ef volatility
are confiderably different. By this means we
obtain a falt, which has been diflolved in water,
in its concrete form ; the water, by heating, be-
comes combined with caloric, which renders it
volatile, while the particles of the falt being
brought nearer to each other, and within the
- {phere of their mutual attration, unite into the

folid ftate.

As it was long thought that the air had great
‘influence upon the quantity of fluid evaporated,
it will be proper to point out the errors which
‘this opinion has produced. There certainly s
‘a conftant {low evaporation from fluids expofed
“to the free air ; and, though this fpecies of eva-
‘poration may be confidered in fome degree as a
folution in air, yet caloric has confiderable in.
“fluence in producing it, as is evident from the
‘refrigeration which always accompanies this pro-

cels ; hence we may confider this gradual eva-
Poration as a compound folution made partly in;

air,
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air, and partly in caloric. But the evaporation

which takes place from a fluid kept continually

boiling, is quite different in its nature, and in it
the evaporation produced by the a&ion of the

air is exceedingly inconfiderable in comparifon

with that which is occafioned by caloric. This
latter fpecies may be termed waporization rather
than evaporation. 'This procefs is not accelera-

ted in proportion to the extent of evaporating

furface, but in proportion to the quantities of
caloric which combine with the fluid. Too free
a current of cold air is often hurtful to this pro-

cefs, as it tends to carry off caloric from the wa-

ter, and confequently retards its converfion into

vapour. Ience there is no inconvenience pro-

duced by covering, in a certain degree, the vef-

fels in which liquids are evaporated by continual
boiling, provided the covering body be of fuch

a nature as does not ftrongly draw off the calo-

ric, or, to ufe an expreffion of Dr Franklin’s,

provided it be a bad conductor of heat. In this

cafe, the vapours efcape through fuch opening

as is left, and at leaft as much is evaporated,
frequently more than when free accefs is allow- |

 ed to the external air.

As during evaporation the fluid carried off by

caloric is entirely loft, being facrificed for the
fake of the fixed {ubftances with which it was
combined, this procefs is only employed where

the fluid is of fmall value, as water, for inftance.
But,

|l
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But, when the fluid is of more confequence, we
have recourfe to diftillation, in which procefs
we preferve both the fixed fubftance and the vo-
latile luid. The veffels employed for evapora-
tion are bafons or pans of copper, filver, or
lead, Pl II Fig. 13. and 15. or caplules of
glafs, porcellain, or ftone ware, Pl IL A, Fig. t.
and 2. PLIIL Fig. 3 and 4. The beft utenfils
for this purpofe are made of the bottoms of glafs
retorts and matrafles, as their equal thinnefs ren-
ders them more fit than any other kind of glafs
veflel for bearing a brifk fire and fudden alte-
rations of heat and cold without breaking.

* As the method of cutting thefe glafs veffels is
no where defcribed in books, I fhall here give a
defcription of it, that they may be made by .
‘chemifts for themlelves out of fpoiled retorts,
matraffes, and recipients, at a much cheaper
rate than any which can be procured from glafs
manufaéturers. The inftrament, PLIIL Fig. 5.
confifting of an iron ring AC, fixed to the rod
AB, having a wooden handle D, is employed as
follows : Make the ring red hot in the fire, and
put it upon the matrafs G, Fig. 6. which is to
be cut; when the glafs is fufficiently heated,
throw on a little cold water, and it will gene-
rally break exattly at the circular line heated ~

by the ring. e

Smail flafks or phials of thin glafs are exceed-
ing good veflels for evaporating fmall ‘quantities
3 B of
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g BOER B IV
Of Criftallization.

In this procefs the integrant parts of a folid
‘body, feparated from each other by the inter-
vention of a fluid, are made to exert the mutual
attraction of agpregation, fo as to coalefce and
reproduce a folid mafs. When the particles of
a body are only feparated by caloric, and the
fubftance is thereby retained in the liquid ftate,
all that is neceffary for making it criftallize, is to
remove 2 part of the caloric which is lodged
between its particles, or, in other words, to cool
it. If this refrigeration be flow, and the body
be at the fame time left at reft, its particles af-
fume a regular arrangement, and criftallization,
. properly fo called, takes place 3 but, if the re-
| frigeration is made rapidly, or if the liquor be
agitated at the moment of its paflage to the con-
crete {tate, the criftallization is irregular and
confuled.

‘The fame phenomena occur with watery folu-
tions, or rather in thole made partly in water,
and partly by caloric.” So long as there remains
a fufliciency of water and caloric to Ir;ee: the
particies of the body afunder beyond the fphere

Lu*
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of their mutual attra&tion, the falt remains in
the fluid ftate ; but, whenever either caloric or
water is not prefent in fufficient quantity, and $}¢
the attration of the particles for each other be.
comes fuperior to the power which keeps them
alunder, the falt recovers its concrete form, and

the criftals produced are the more regular i
proportion as the evaporation has been flower
and more tranquilly performed.

- All the phenomena we formerly mentioned
- as taking place during the folution of falts, o
cur in a contrary fenfe during their criftalliza.
tion. Caloric is difengaged at the inftant of
their affuming the folid ftate, which furnifhes
an additional proof of falt being held in folu
tion by the compound action of water and ca.

loric. Hence, to caufe falts to criftallize which
 readily liquify by means of caloric, it is not fuf-
ficient to carry off the water which held them
in folution, but the caloric united to them muft
likewile be removed. Nitrat of potafh, oxyge
nated muriat of potath, alum, fulphat of foda,
&c. are examples of this circumitance, as, to
make thefe falts criftallize, refrigeration muft be
added to evaporation. Such falts, on the con:
trary, as require little caloric for being kept in
folution, and which, from that circumftance,
‘are nearly equally foluble in cold and warm
water, are_criftallizable by fimply carrying of
the water which. holds them in folution, and

- even

i
|
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even recover their folid ftate in boiling water 3
fuch are fulphat of lime, muriat of potath and
of foda, and feveral others, :
The art of refining faltpetre depends upon
thefe properties of falts, and upon their different
degrees of folubility in hot and cold water. This
falt, as produced in the manufadtories by the
firft operation, is compofed of many different
falts ; fome are deliquefcent, and not fufceptible
of being criftallized, fuch as the nitrat and mu-
riat of lime ; others are almoft equally foluble
in hot and cold water, as the muriats of potafh
and of foda ; and, laftly, the faltpetre, or nitrat
of potafh, is greatly more foluble in hot than it
is in cold water. The operation is begun, by
pouring upon this mixture of falts as much wa-
ter as will hold even the leaft foluble, the mu-
riats of foda and of potath, in folution; fo long

' as it is hot, this quantity readily diflolves all the
' faltpetre, but, upon cooling, the greater part of
:. this falt criftallizes, leaving about a fixth part
' remaining diffolved, and mixed with the nitrat
of lime and the two muriats. The nitre obtain-
ed by this procefs is ftill fomewhat impregnated
with other falts, becaufe it has been criftallized
from water in which thefe abound : It is com-
- pletely purified from thefe by a fecond [olution
in a {mall quantity of boiling water, and fecond

| criftallization. The water remaining after thele
criftallizations of nitre is ftill loaded with a mix-
ture
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ture of faltpetre, and other falts; by farther eva
poration, crude faItpetre, or rough-petre, as the
workmen call it, is procured from it, and this
is purified by two frefh fnlunﬂns and criftalli.
zations.
The deliquefcent earthy falts which do not
contain the nitric acid are rejefted in this ma-
nufature ; but thofe which confift of that acid
neutrahzed by an earthy bafe are diffolved in
water, the earth is precipitated by means of pot-
afh, and allowed to fubfide ; the clear liquor i is
then decanted, evaporated, and allowed to crif-
tallize. The above management for refining
faltpetre may ferve as a general rule for fepa-
rating falts from each other which happen tc
be mixed together. The nature of each muft
be confidered, the proportion in which each dif:
folves in given quantities of water, and the dif-
ferent folubility of each in hot and cold water.:
If to thefe we add the property which fome falts
poflefs, of being foluble in alkohol, or in a mix
ture of alkohol and water, we have many re
fources for feparating falts from each other by
means of criftallization, though it muft be al-
lowed that it is extremely difficult to render this
{eparation perfectly complete.
The veflels ufed for criftallization are pans
of earthen ware, A, Pl 1. Fig. 1. and 2. and
large flat difhes, PL III. Fig. 7. When a faline
folution is to be E‘:puf&d to a flow ev apnratm 1
s IIE

— g
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in the heat of the atmofphere, with free accefs
Y of air, veflels of fome depth, Pl 1II. Fig. 3.
mult be employed, that there may be a confi-
derable body of liquid ; by this means the crif-
tals produced are of confiderable fize, and re-
markably regular in their figure.
Every fpecies of falt criftallizes in a peculiar
form, and even each falt varies in the form of
its criftals according to circumiltances, which
take place during criftallization. We mult not
from thence conclude that the faline particles of
each fpecies are indeterminate in their figures:
The primative particles of all bodies, efpecially
of falts, are perfectly conftant in their {pecific
forms ; but the criftals which form in our ex.
periments are compofed of congeries of minute
particles, which, though perfectly equal in fize
and fhape, may affume very diflimilar arrange-
- ments, and confequently produce a vait variety
- of regular forms, which have not the fmalleft
 apparent refemblance to each other, nor to the
original criftal. This fubjec has been very ably
treated by the Abbe Hatly, in feveral memoirs
prefented to the Academy, and in his work up-
on the ftructure of criftals ; It is only neceflary
to extend generally to the clals of falts the prin-

ciples he has particularly applied to fome crifta-
lized ftones.

SECT.
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been bent from its original form BC to BD,
' and which is then called a retort; when ufed,
:tit is placed either in a reverberatory furnace,
Pl XIIL Fig. 2. or in a fand bath under a dome

of baked earth, PL IIL. Fig. 1. To receive and

condenfe the producéts, we adapt a recipient, I,

PL HI. Fig. ¢. which is luted to the retort.

Sometimes, more efpecially in pharmaceutical

operations, the glafs or ftone ware cucurbit, A,

with its capital B, Pl III. Fig. x2. or the glafs

alembic and capital, Fig., 13. of one piece, is

employed. This latter is managed by means of

a tubulated opening T, fitted with a ground

ftopper of criftal ; the capital, both of the cu-

eurbit and alembic, has a furrow or trench, » 7,

intended for conveying the condenfed liquor.

into the beak RS, by which it runs out. As,

in almolt all diftillations, expanfive vapours are

produced, which might burft the veffels employ-

ed, we are under the neceffity of having a fmall
hole, T, Fig. 9. in the balloon or recipient,

through which thefe may find vent; hence, in

this way of diftilling, all the produts which are

permanently a€riform are entirely loft, and even

fuch as difficultly lofe that ftate have not fufficient

fpace to condenfe in the balloon: This apparas

tus is not, therefore, proper for experiments of

inveltigation, and can only be admitted in thé

ordinary operations of the laboratery or in

pharmacy. In the article appropriated for com:

3C pound
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pound diftillation, I fhall explain the various
methods which have been contrived for prefer-
ving the whole produéts from bodies in this
procefs. | ,
As glafs or earthen veflels are very brittle
and do not readily bear fudden alterations of
heat and cold, every well regulated laboratory
ought to have one or more alembics of metal
for diftilling water, fpiritous liquors, effential
oils, &c. This apparatus confifts of a cucurbit
and capital of tinned copper or brafs, Pl IIL
Fig. 15. and 16. which, when judged proper,
may be placed in the water bath, D, Fig. 17
In diftillations, efpecially of fpiritous liquors
~ the capital muft be furnithed with a refrigetory,
SS, Fig. 16. kept continually filled with c:::l
water ; when the water becomes heated, it i
let off by the ftop-cock, R, and renewed w:th
freth fupply of cold water. As the fluid diftil
led is converted into gas by means of calorig
furnifhed by the fire of the furnace, it is evi.
dent that it could not condenfe, and, confe-
quently; that no diftillation, properly fpeakm
could take place, unlefs it is made to depofit ir
the capital all the caloric it received in the c
curbit; with this view, the fides of the cap:
muft always be preferved at a lower tempe
ture than is neceffary for. keeping the dﬂhlh
fubftance in the ftate of gas, and the water =.'

the refrigetory is intended for this purpofes |
- Wateng
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YWater is converted into gas by the temperature
of 80° (212°), alkohol by 67° (182.75°), ether
by 32° (104°); hence thefe fubitances cannot
be diftilled, or, rather, they will fly off in the
ftate of gas, unlefs the temperature of the re-
frigetory be kept under thefe refpeltive de-
grees.
In the diftillation of fpiritous, and other ex-
panfive liquors, the above defcribed refrigetory
' is not {ufficient for condenfing all the vapours
which arife; in this cafe, therefore, inftead of
receiving the diftilled liquor immediately from
the beak, TU, of the capital into a recipient,
a worm is interpofed between them. This in-
ftrument is reprefented Pl I1I. Fig. 18. contain-
ed in a worm tub of tinned copper, it confiits
of a metallic tube bent into a confiderable nums
ber of fpiral revolutions. The veflel which con-
tains the worm is kept full of cold water, which
is renewed as it grows warm. This contrivance
1s employed in all diftilleries of fpirits, without
the intervention of a capital and refrigetory,
properly fo called. The one reprefented in the
plate is furnifhed with two worms, one of then:
being particularly appropriated to diftillations
of odoriferous [ubftances.

In fome fimple diftillations it is neceflary to
interpofe an adopter between the retort and re-
ceiver, as fhown PL III. Fig. 11. This may

: ferve
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 ferve two different purpoles, either to feparate
two produdls of different degrees of mpiataluj
or to remove the receiver to a greater diflance
from the furnace, that it may be lefs heated.
But thele, and feveral other more complicated
inftruments of ancient contrivance, are far from
producing the accuracy requifite in modern
chemiftry, as will be readily perceived when I
come to treat of compound diftillation.

§s ECT VL
Of Sublimation.

This term is applied to the diftillation of fubs
ftances which condenfe in a concrete or folid
form, fuch as the fublimation of fulphur, and of
muriat of ammoniac, or fal ammoniac. The e
operations may be conveniently performed in
the ordinary diftilling veflels already defcribed,
though, in the fublimation of fulphur, a fpe
cies of veflels, named Alludels, have been ufu-
ally employed. Thefe are veflels of flone or
porcelain ware, which adjult to each other over
a cucurbit containing the fulphur to be fublim-
ed. One of the beft fubliming veflels, for fub
ftances which are mot very volatile, is a flafk

g | o
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or phial of glafs, funk about two thirds into 2
fand bath; but in this way we are apt to lofe a
part of the produfts. When thefe are withed
to be entirely preferved, we muft have recourfe
to the pnepmato-chemical diftilling apparatus,
to be delcribed in the following chapter.

CH AR
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are abfolutely decompounded ; one part, 2s for
inftance the charcoal they contain, remains fix=
od in the retort, and all the reft of the elements
e reduced to gafles of different kinds. Some
of thefe are fulceptible of being condenfed, and
of recovering their folid or liquid forms, whilft
others are permanently aériform; one part of
thefe are abforbable by water, fome by the als
kalies, and others are not fufceptible of being
labforbed at all. An ordinary diltilling appara-
tus, fuch as has been defcribed in the preceding
Ichapter, is quite infufficient for retaining or for
[ feparating thefe diverfified produtls, and we are
lobliged to have recourle, for this purpofe, to
imethods of a more complicated nature. .

. The apparatus 1am about to defcribe is cale

|culated for the moft complicated diftillations,
|and may be fimplified according to circumftan.
ces. It confifts of a tubulated glafs retort A,
Pl IV. Fig. 1. having its beak firted to a tubu~
lated balloon or recipient BC; to the upper ori-
fice D of the balloon a bent tube DEf is ad.
jufted, which, at its other extremity g, is plun-
ged into the liquor contained in the bottle L,
with three necks xwxx. Three other fimilar
bottles are connefted with this firlt ene, by
 means, of three fimilar bent tubes difpofed in
the fame manner ; and the farthelt neck of the
laft bottle is connected with a jar in a pneumas
to-chemical apparatus, by means of a bent

: tube.
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tube *. A determinate weight of diftilled wate;

is ufually put into the firft bottle, and the othe
three have each a folution of cauftic potafh ir
water. The weight of all thefe bottles, and of
the water and alkaline folution they contain,
muft be accurately afcertained. Every thing
being thus difpofed, the junétures between the re.
tort and recipient, and of the tube D of the lat.
ter, muft be luted with fat lute, covered ove
with flips of linen, fpread with lime and white
of egg; all the other junctures are to be fec
red by a lute made of wax and rofin melted to
gether. '

When all thefe difpofitions are completed,
and when, by means of heat applied to the re
tort A, the fubftance it contains becomes de
compofed, it is evident that the leait volatile
products muft condenfe or fublime in the beak
or neck of the retort itfelf, where moft of the
concrete fubftances will fix themfelves. The
more volatile fubftances, as the lighter oils, am
moniac, and feveral others, will condenfe in the
recipient GC, whilft the gafles, which are not
fufceptible of condenfation by cold, will pafs on
by the tubes, and boil up through the liquors
in the feveral bottles. Such as are abforbable

. by

* The reprefentation of this apparatus, Pl. IV.
Fig. 1. will convey a much better idea of its difpofi-
tion thdn can poflibly be given by the moft laboured =8
@efcription.— E. :

L ) -y LA
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by ‘water will remain in the firft bottle, and
thofe which cauftic alkali can abforb will re-
main in the others ; whilft fuch gaffes as are
not fufceptible of abforption, either by water or
alkalies, will efcape by the tube RM, at the end
of which they may be received into jars in a
pneumato-chemical apparatus. The charcoal
and fixed earth, &c. which form the fubftance
or refiduum, anciently called ecaput mortuum, re-
main behind in the retort.
In this manner of operating, we have always
a very material proof of the accuracy of the a-
nalyfis, as the whole weights of the products
taken together, after the procefs is finithed,
muft be exattly equal to the weight of the ori-,
ginal fubftance fubmitted to diftillation. Hence,
for inftance, if we have operated upon eight
ounces of ftarch or gum arabic, the weight of
 the charry refiduum in the retort, together with
that of all the produs gathered in its neck and
the balloon, and of all the gas received into the
jars by the tube RM added to the additional
weight acquired by the bottles, muft, when ta- -
ken together, be exaltly eight ounces. If the
Ifmduft be lefs or more, it proceeds from er-
ror, and the experiment muft be repeated until
a fatisfactory refult be procured, which ought
not to differ more than fix or eight grains in the

pound from the weight of the fubftance fubmit-
ted to experiment, |

3 D In
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1In experiments of this kind, I fora long time
met with an almoft infurmountable difficulty,
which muft at laft have obliged me to defift al-
together, but for a very fimple method of avoid-
ing it, pointed out to me by Mr Haflenfratz.
The {malleft diminution in the heat of the furs
nace, and many other circumftances infeparable
from this kind of experiments, caufe frequent
reabforptions of gas ; the water in the ciftern of
the pneumato-chemical apparatus rufhes into the
laft bottle through the tube RM, the fame cir-
cumftance happens from:one bottle into ano-
ther, and the fluid is often forced even into the
recipient C.  This accidént is prevented by u
fing bottles having three necks, as reprelented
in the plate; into one of which, 'in.each bottle,
a capillary glafs.tube 81, st, s¢, st, is adapted, fo
as to have its lower extremity # immerfed in
_the liquor. 1f any abforption takes place, either
in the retort, or in any of; the bottles, afu
cient qu;mtity of external air enters, by means
of thﬂfﬂ tubes, to fill up the void; and we get
rid gf;tht: inconvenience at the price of having
‘3, [mall mixture of common air with the pro
du@ts of the experiment, which is thereby pre
vented from failing altogether, ‘Though thefe
tubes admit the external air, they cannot pers
mit any of the gafleous fubitances to elcape, as
they are always fhut below by the water of the
bottles. | ’

it
3
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It is evident that, in the courfe of experi-
ments with this apparatus, the liquor of the bot-
tles muft rife in thefe tubes in proporticn to‘the
preflure fuftained by the gas or air contained
the bottles § and this preffure is determined by
the height and gravity of - the column of fluid
contained in -all the fubfequent bottles.  1f we
fuppofe that:each: bottle :contains:three inches -
of fluid, and that there are three inches of wa-
ter in the ciflern of the connelted apparatus.a-
bove the orificé of the tube RM, and allowing
the gravity of the fluids to be only equal to that
of water, it follows that the air in the firlt bot-
tle muft fuftain a preflure equal to twelve inch-
es of water; the water muft therefore rife
twelve inches in the tube S, conneted with the
firlt bottle, nine inches in that belonging to the
fecond, fix 'inches in 'the third, and three in the
laft ; wherefore thefe tubes mult be made
fomewhat more than twelve, nine, {ix, and three
inches long refpeively, allowance being made
for ofcillatory motions, which often take place
in the liquids.' It is fometimes neceflary to in.
4roduce a2 fimilar ‘tube’ between the retort and
‘recipient; and, as ‘the tube is not immerfed in
fluid at its lower'extremity, until fome has col.
leted in the progrefs of'the diftillation; its p-
per end muft be' fhut at firft with'a little lute, {o
2 to be opened ‘acco¥ding to neceflity, 'or after

there
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there is fufficient Tliquid in the rempr.ent to fe-
cure its lower extremity. i

~“This apparatus cannot be ufad in v:ry accus-
rate experiments, when the fubftances intended
to be operated upon have a very rapid action
upon each other, or when one of them can
only be introduced in fmall" fucceflive portions,
as in fuch as produce violent effervelcence when
mixed together. In fuch cafes, we employ a
tubulated retort A, PLVIL Fig. 1. into which
one of the {ubftances is introduced, preferring
always the folid body, if any fuch is to be treat-
- ed, we then lute to the opening of the retort a
bent tube BCDA, terminating at its upper ex-
tremity B'in a funnel, and at its other end A in
a capillary opening. The fluid material of the
experiment is poured into the retort by means
of this funnel, which muft be made of fuch a
Jength, from B to C, that the column of liquid
introduced may counterbalance the refiftance
produced by the liquors' contained in all the
bottles, PLIV. Fig. 1.

Thofe who have not been accuftomed to ufe
the above defcribed diftilling apparatus may
perhaps be ftartled at the great number of open-
ings which require luting, and the time necef:
i'ar)r for making all the prevmus preparations i
experlments of this kind. It is very true that
if we take into account all the neceflary weighs
ings of materials and products, both before and
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after the experiments, thele preparatory. and
fucceeding fleps require much more time and
attention than the experiment itfelf. Bur, when
the experiment fucceeds properly, we are well
rewarded for all the time and trouble beftowed,
as by one procefs carried on in this accurate
manner much more jult and extenfive know-
ledge is acquired of the nature of the vege-
table or animal [ubftance thus fubmitted to
inveftigation, than by many weeks afliduous la-
bour in the ordinary method of proceeding.

When in want of bottles with three orifices,
thofe with two may be ufed ; it is even poflible
to introduce all the three tubes at one opening,
fo as to employ ordinary wide-mouthed bottles,
provided the opening be [ufliciently large. In
this cafe we muft carefully fit the bettles with.
corks very accurately cut, and boiled in a mix-
ture of oil, wax, and turpentine. Thele corks
are pierced with the neceflary holes for receiv-
_ing the tubes by means of a round file, as in
Pl, IV, Fig. 8.

S ECT.
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bottle, the acid is then poured over it, and the
bottle is inftantly clofed with its cork and tube,
as repreflented in the plate. - But this apparatus
has its inconveniencies. ~When the acid is
much concentrated, or the metal much divided,
the effervelcence begins before we have time to

cork the bottle properly, and fome gas elcapes,
by which we are prevented from alcertaining
the quantity difengaged with rigorous exactnefs.
In the next place, when we are obliged to em-
ploy heat, or when heat is produced by the pro-
cels, a part of the acid diftills, and mixes with
the water of the pneumato-chemical apparatus,
‘E} which means we are deceived in our calcu-
lation of the quantity of acid decompofed. Be-
fides thefe, the water in the ciftern of the appa-
fatus abforbs all the gas produced which is fuf-
ceptible of ahfpfptian, and renders it impoflible
to collect thefé_ _ﬁrithoqt lofs.

"To remedy thefe inconveniencies, T at firft
ufed a bottle with two necks, Pl. VIL. Fig. 1.
into one of which the glafs funnel BC is luted
fo as to prevent any air efcaping ; a glafs rod
DE is fitted with emery to the funnel, fo as to
ferve the purpofe of a ftopper. When it is
ufed, the matter to be diffolved is firft introa
duced into the bottle, and the acid is then per-
mitted to pafs in as flowly as we pleale, by rai-
fing the glafs rod gently as often as is neceffary
until faturation is produced,

Another
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. 'Another method has been fince employed,
which ferves the [ame purpofe, and is preferable
to the laft defcribed in fome inftances. This
confifts in adapting to one of the mouths of the
bottle A, PL VII. Fig 4. 2 bent tube DEFG
having a capillary opening at D, and ending in

a funnel at G. This tube is fecurely luted to
th‘e mouth C of the bottle. When any liquid
is poured into the funnel, it falls down to F ;
and, if a fuflicient quantity be added, it paffes
by the curvature E, and falls flowly into the
bottle, fo long as frefh liquor is fupplied at the
funnel. The liquor can never be forced out of
the ;ube, and no gas can efcape through it, be
caule the weight of the liquid ferves the pur
pole of an accurate cork.

To prevent any diftillation of acid, elpecially
in diffolutions accampamed with heat, this tub ;;
is adapted to the retort A, PL VI Fig. 1. and
a fmall tubulated reclpient M, is applied, in
which any liquor which may diftill is condenfed.
On purpofe to feparate any gas that is abforb-
able by water, we add the double necked bot
tle L, half ﬁ}led w1th a folution of cauftic pot
- afh; the alkali abforbs. ElIl'j" carbonic acid gas,
and ufually only one or two other gafles pafs
into th:, jar of the connetted pneumato-chemi
_n_:al apparatus through the tube NO. In the
firlt chapter of this third part we have directed
how thefe are to be feparated and examined.
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§F one bottle of alkaline folution be not thought
fufficient, two, three, or more, may be added.

i il ¢ s e 11 2

Apparatus neceffary in Experiments upon Vinous

| and Putrefactive Fermentations.
| For thefe operations a peculiar apparatus,
efpecially intended for this kind of experiment,
is requifite. 'Ihe one I am about to defcribe is
finally adopted, as the beft calculated for the
purpofe, after numerous correttions and im-
provements. It confifts of a large matrafs, A,
Pl. X. fig. 1. holding about twelve pints, with
a cap of brafs ab, ftrongly cemented to its
mouth, and into which is fcrewed a bent tube
<d, furnithed with a ftop-cock e. Lo this tube
is joined the glafs recipient B, having three
. openings, one of which communicates with the
bottle C, placed below it. ‘To the pofterior
opening of this recipient is fitted a glafs tube
g hi, cemented at g and ¢ to collets of brafs,
- and intended to contain 2 wvery deliquefcent
concrete neutral falt, fuch as nitrat or muriat of
lime, acetite of potath, &c. This tube commu-
nicates with two bottles D and E, filled to »

and y with a folution of cauftie potath.
3 All
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- All the parts of this machine are joined ta.
g:thcr by accurate fcrews, and the touching
parts have greafﬁd leather mt:rpnfed to prevent
any paflage of air. Each piece is likewife fur,
nithed with two ftop-cocks, by which its two
extremities may be clofed, fo that we can wezg
each [eparately at any period of the operation.

The fermentable matter, fuch as fugar, with
a prﬂper quanmy of 3eaﬂ ang d;lyl:;d with wa-
ter s put into the matrafs Sometimes, when
the fermentatmn i3 tnn rap:d a confiderable
quanutjr pf f,‘!‘ﬂth is praduced which not only
fills the neck of the matrafs, but paffes into the
reclplent, and fmm thence runs down inte the
bﬂttle C. On purpnfe to co!le& th,is. fcum and
muft, and to pre*vent it fram reachmg the tube
filled wﬁﬁ dellquefcent faits, the recipient and
: cunne&ed buttle are made r.}f cunﬁderable capas
Elt]l"
B 11 the vinous. fermpntatmq, ﬂﬂljl" carhau'\
gglﬂ gas is d:fenga,ged carrymg ‘with it a fmall
prc:-portmun -Erf WatET in fplutmﬁr_i_ A great part
Gf this water is depnﬁtc.d n paﬂing through the
tube g}“, whu:h is filled with a deliquefcent
falt in grofs powder, a..nd the quantity is afcer-
tainéd by the au gﬁlencatinn of the weight of the
falts The"carbnmc acid gas bubbles up through |
the alkaline fnlutmn in the bottle D, to which
it is conveyed by the tube klm. Any {mall

purtmn which may not be abforbed by this
: ' ﬁrft |
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firlt bottle is fecured by the folution in the fe.
cond bottle E, fo that nothing, in general,
pafles into thé jar F. except the tommon air
contained in the veflels at the commencement
of the experiment; | |

The fame apparatus anfwers extremely well
for experiments upon the putrefattive fermen-
tation ; but, in this cale; a confidetrable quan-
tity of hydrogen gas is difengaged through the
tube grs?u, by which it is conveyed into the
jar F; and, as this difengagement is very rapid,
efpecially in fummer, the jar muft be frequently.
changed. Thefe putrefaltive fermentations re-
quire conftant attendance from the above cir-
cumftance, whereas the vinous fermentation
hardly needs any. By means of this apparatus
we can afcertain, with great precifion, the
weights of the fubftances fubmitted to fermen-
tation, and of the liquid and aériform produéts
which are difengaged. What has been already
faid in Part I, Chap. XIII. upon the produélts
of the vinous fermentation, may be confulted,

SECT.
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‘unneceflary repetitions, and only give a few

- Having almdy given an account, in the firft
ﬁlﬂ ‘of this work, of the experiments relativ
to the decompofition of water, 1 thall avoid any

fummary obfervations upon the fubjeét in
fettion. The principal fubftances which lmr -
the power of decompofing water are iron
charcoal ; for which purpofe, they require te
be made red hot, otherwife the water is only
duced into vapours, and condenfes afterwards
by refrigeration, ‘without faftaining the fmalleft
alteration. In a red heat, on the contrary, iror
or charcoal carry off the oxygen from its unior
with hydrogen ; in the firft cafe, black oxyd of
iron is produced, and the hydragen is difengs
ged pure in form of gas; in the other cale,
carbonic acid ‘gas is formed, which dlfengages
ftiixed with the hydrogen gas; and this latter i
cbmmunly carbonated, ur holds charcoal in fo-
lution. : |
- A mufket barrel, without its breach pin, an-
fwers exceedingly well for the decompofition of

water, by- means of iron, and one fhould be
chofen
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chofen of confiderable length, and pretty firong,
When too fhort, fo as to run the rifk of heating
the lute too much, a tube of copper is to be
firongly foldered to one end. The barrel is
placed in a long furnace, CDEF, Pl VIL Fig.
11. fo as to have a few degrees of inclination
from E to F ; a glafs retort A, is luted to the
upper extremity E, which contains water, and
is placed upon the furnace VVXX. The lower
extremity F is luted toa worm SS, which is
conneéted with the tubulated bottle H, in.which
any water diftilled without decompofition, du-
nng the operation, colle€ts, and the dlfengaged
gas is carried by the tube KK to jars in a pneu-
mato.chemical apparatus. Inftead of the retort
a funnel may be employed, having its lower
part fhut by a ftop-cock, through which the
water is allowed to drop gradually into the guns
barrel. Immediately upon getting into contaék
with the heated part of the iron, the water is
converted into {team, and thﬂ'ex.pﬂrimeﬂt prﬂ;
ceeds in the fame manner as if .t were furniﬂl.
ed in vapours frum thf: retort,

In the expenment n:ude by Mr Meufmer and
me before a committee of the Academy, we
ufed every precaution to. obtain the greag%ﬂ;
poflible precifion in the rf:fult of our experi-
ment, having even exhaufted all the veffels em.
ployed before we began; fo that the h}fdmgcn
gas obtained might be free frum 30y u.tum

of
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of azotic gas. The refults of that experiment
will hereafter be given at large in a particular
memoir. '

In numerous experiments, we are obliged to
ufe tubes of glafs, porcelain, or copper, inftead
of gun-barrels ; but glafs has the difadvantage
of being eafily melted and flattened, if the heat
be in the fmalleft degree raifed too high; and
porcelain is moftly full of fmall minute pores,
through which the gas efcapes, elpecially when
comprefled by a column of water. For thefe
reafons I procured a tube of brafs, which Mr
de la Briche got caft and bored out of the folid
for me at Strafburg, under his own infpection. -
This tube is extremely convenient for decom.
pofing alkohol, which refolves into charcoal, *
carbonic acid gas, and hydrogen gas ; it may
likewife be ufed with the fame advantage for
decompofing water by means of charcoal, and
in a great number of experiments of this na. ‘I
ture. ' '

. 1

CHAPJ
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Q.. B Ak naxcVIE

.Gj;‘ 'rfre Camﬁg‘iﬁar: and Application of Lutes.

3 T HE neceflity of properly fecuring the
Bl junctures of chemical veflels to prevent
 the efcape of any of the produ@s of experiments,
- mult be fufficiently apparent ; for this purpofe
 lutes are employed, which ought to be of fucha
- nature as to be equally impenetrable to the moft
fubtile fubftances, as glafs itfelf, through which
only caloric can efcape. |
- This firlt object of lutes is very well accom-
. plithed by bees wax, melted with about an
eighth part of turpentine. This lute is very
eafily managed, fticks very clofely to glafs, and
15 very difficultly penetrable; it may be rendered
~more confiftent, and lefs or more hard or pliable,
by adding different kinds of refinous matters.
Though this fpecies of lute anfwers extremely
well for retaining gafles and vapours, there are
many chemical experiments which produce con-
fiderable heat, by which this lute becomes Ii.
quified, and confequently the expanfive vapours
muit very readily fo;ce through and f:ﬁ:ape. 1

For
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For fuch cafes, the following fat lute is the:
beft Litherto difcovered, though not without its:
difadvantages, which fhall be pointed out.
Take very pure and dry unbaked clay, reduced!
to a very fine powder, put this into a brafs mor-.
tar, and beat it for feveral hours with a heavy:
iron peftle, dropping in flowly fome boiled lint-.
{eed oil ; this is oil which has been oxygenated,,
and has acquired a drying quahtjr, by being;
boiled with litharge. This lute is more tena-.
cious, and applies better, if amber varnith be u-.
fed inftead of the above oil. To make this var..
nith, melt fome yellow amber in an iron laddle,,
by which operation it lofes a part of its fuccinic:
acid, and eflential oil, and mix it with lintfee
oil. Though the lute prepared with this var-.
nifh is better than that made with boiled oil,,
-yet, as its additional expence is hardly com-.
penfated by its fupermr quality, it is feldomy
ufed. '

The above fat lute is capable of fuftaining 2.
very violent degree‘of heat; is impenetrable b *
acids and fpiritous liquors, and adheres exceed--
ingly well to metalsy ftone-ware, or glafs, provi.-
ding they have been previoufly rendered per--
fec@tly dry. But if, unfortunately, any of the:
liquor in the courfe of an experiment geﬁ}
through, either between the glafs and the lute,,
or between the layers of the lute itfelf, fo asto

;nozften the part, it is extremely difficult to clc;ll’e
the:
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| ﬂae opening. This. is the chief inconvenience
f*g-whmh attends the ufe of fat lute, and perhaps
~ the only one it is fubject to. As it is apt to fofe
,&ten by heat, we muft furround all the junctures
£W1th flips of wet bladder applied over the luting,
~and fixed on by pack-thread tied round both
- above and below the joint; the bladder, and
- confequently the lute below, muft: be farther
~ fecured by a number of turns of pack.thread all
~over it, By thefe precautions, we are free from
- every danger of accident; and the juntures
- fecured in this manner may be confidered, in
~ experiments, as hermetically fealed. P
- It frequently happens that the figure of the
- junctures prevents the application of ligatures,
~ which is the cafe with the three-necked bottles
formerly delcribed ; and it even requires great
addrefs to apply the twine without fthaking the
apparatus ; fo that, where a number of junc-
tures require luting, we are apt to dilplace fes
veral while fecuring one. In thefe cafes, we
may f{ubftitute flips of linen, fpread with white
of egg and lime mixed together, inftead of the
wet bladder. ~ Thefe are applied while fill
moift, and very fpeedily dry and acquire confi-
derable hardnefs. Strong glue diffolved in wa.
- ter may an{wer inftead of white of egg.  Thefe
fillets are ufefully applied likewife over junc-
tures luted together with wax and rofin.

ek ey Befone
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. Before applying a lute, all the junétures of
the veflfels muft be accurately and firmly fitted
to each other, fo as not to admit of being mo-
ved. If the beak of a retort is to be luted to
the neck of a recipient, they ought to fit pretty
accurately 5 otherwife we mult fix them, by in-
troducing fhort pieces of foft wood or of cork.
If the difproportion between the two be very
- confiderable, we muft employ a cork which fits
the neck of the recipient, having a circular hole -
of proper dimenfions to admit the beak of the
retort. The fame precaution is neceffary in
adapting bent tubes to the necks of bottles
in the apparatus reprefented Pl IV. Fig. L.
and others of a fimilar nature. Each mouth of :
~ each bottlemuft be fitted with a cork, having a
hole made with a round file of a proper fize for
containing the tube. And, when one mouth is ;
intended to admit two or more tubes, which
frequently happens when we have not a fuffi-
cient number of bottles with two or three
ﬁecl-i:s, we mult ufe a cork with two or threquﬂ
holes, Pl IV, Fig. 8. 3
. When the whole apparatus is thus folidly
joined, fo that no part can play upon another,
we begin to lute. The lute is foftened by &
kneading and rolling it between the fingers,
with the afliltance of beat, if neceflary. It is
rolled into little cylindrical pteces, and applie‘d 4
to the junttures, taking great care to makeit
TR apply
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ﬁpply clofe, and adhere firmly, in every part; a
~ fecond roll is applied over the firft, fo as to pa{'s

it on each fide, and fo on till each junéture be

~ fufficiently covered ; after this, the lips of blad-
h 'der, or of linen, as above direfted, mult be

carefully applied over all. Though this opera-
~ tion may appear extremely fimple, yet it requires
" peculiar delicacy and management ; great care
_muft be taken not to difturb one junéture whilft
~ luting another, and more efpecially when ap-
~ plying the fillets and ligatures.

Before beginning any experiment, the clofe-
nefls of the luting ought always to be previouily

- tried, either by flightly heating the retort A,
Pl 1V, Fig. 1, or by blowing in a little air by
fome of the perpendicular tubes §ss s ; the al-
teration of preflure caufes a change in the level
“of the liquid in thefe tubes. If the apparatus
be accurately luted, this alteration of level will
~ be permanent ; whereas, if there be the fmalleft
opening in any of the junttures, the liquid will
very foon recover its former level. It muft al-
ways be remembered, that the whole fuccefs of
experiments in modern chemiftry depends upon
the exaénefs of this operation, which therefore
requires the utmoft patience, and moft attentive
accuracy.

It would be of infinite fervice to enable che-
mifts, efpecially: thofe who are engaged in pneu-
ma*lc proceflés, to difpenfe with the ufe of lutes,

or
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or at leaft to diminigh the niimber neceflary in |
complicated inftruments. L once thought of
having my apparatus conftructed fo as to unite -
in all its parts by fitting with emery, in the way
of bottles with criftal {toppers ; but the execy-
tion of this plan was extremely difficult. I have
fince thought it preferable to fubltitute columnsg
of a few lines of mercury in place of lutes,
and have got an apparatus conftrutted upon
this principle, which appears capable of very
convenient application in g great number of
circumftances. iy
It confifts-of a double necked hottle A, PlS
XIL. Fig. 12.; the interior neck be communi-
cates with the infide of the bottle, and the ex-
teriar neck or §im de leaves an interval between
the two necks, forming a deep gutter intended
to contain the mercury. The cap or lid of
glafs B enters this gutter, and is properly fitted
to.it, having notches in its lower edge for the
pallage of the tubes which convey the gas.
Thefe tubes, ‘inftead of entering directly inta
the bottles as in the ordinary apparatus, havea
double bend for making them enter the gutter,
as reprefented in Fig. 13. and for making them
fit the notches of the cap B; they rife again p
from the gutter to enter the infide of the bottle &
over the border of the inner mouth, When the
tubes are difpofed in their proper places, and

the cap firmly fitted on, the gutter is filled with
; mer«
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~ mercuty, by which means the ‘bottle is com-
&lf:tf:lj.r excluded from any communication, ex-
cepting through the tubes. This apparatus may
fﬁhe very convenient in many operations in which
ithe fubftances employed have no aftion upon iy
.
F
s

Mercury. Pl XII Fig. 14. reprefents an ap-
“paratus upon this principle pmperly fitted toge-
ther.

Mr Seguin, "to whofe a&we and mtelhgent
 affiftance I have been very frequently much in-
.debted has befpoken for me, at the glafs-hou-
- fes, fome retorts hermetically united to their
- recipients, hy which luting will be altogether
- unneceffary.

A B
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_Of Op‘eraﬁqm upon Combuftion and Deflagration. _

WO o T
Of Combuftion in general.

OMBUSTION, according to what haé",
been already faid in the Firft Part of this
Work, is the decnmpuf' tion of OXygen gas pro-
duced by a combuftible body. The oxygen
which forms the bale of this gas is abforbed by,
and enters into, combination with the burning
body, while the caloric and light are fet free.
Every combuftion, therefore, neceffarily fuppo-
fes oxygenation ; whereas, on the contrary, e.
very oxygenation does not neceflarily imply
concomitant combuftion ; becaufe combuftion,
i:mperly fo called, cannot take place without
difengagement of caloric and light. Before
combuftion can take place, it is neceffary that
the bafe of oxygen gas fhould have greater affi-

nity to the combuftible ‘body than it has to ca-
lorics
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ic ; and this eleive attraction, to ufe Berg-
@an ’s expreflion, can only take place at a cer-.
"tain degree of temperature, which is different
for each combultible fubftance ; hence the ne-
ceflity of, giving a fult mation or beginning to
“every combultion by the appmar:h of a heated
‘body. This neceflity of heating any body we
mean to burn depends upon certain confidera-
' tions, which have not hitherto been attended to
; by any natural philofopher, for which reafon I
ﬁnll enlarge a little upon the fubjed in this
place
Nature is at prefent in a {tate of equilibrium,
‘which cannot have heen attained until all the
@pnntaneaus combuftions or oxygenations pof-
' fible in the ordinary degrees of temperature had
 taken place. Hence, no new combuftions or
oxygenations* can happen without deltroying
this equilibrium, and raifing the combuftible
- fubftances to a fuperior degree of temperature.
To illuftrate this abitract view of the matter by
example: Let us fuppofe the ufual temperature
of the earth a little changed, and that it 1s raifed
only to the degree of boiling water ; it is evi=
dent, that, in this cafe, phofphorus, which is
combulftible in a confiderably lower degree of
temperature, would no longer exilt in nature in
its pure and ﬁmple ftate, but would always be
procured in its acid or oxygenated ftate, and its
:,radu:al Wnuld become one of the fubltances uny

. ~ known
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known to chemiftry. By gradually increafing
the temperature of the earth the fame circum-
ftance would fucceffively happen to all the bo-
dies capable of combuftion; and, at laft, every
poffible combuftion having taken place, there
would no longer exift any combuftible body
- whatever, as every fubftance fufceptible of that
operation would be oxygenated, and confe.
quently incombuftible.

There cannot therefore exift, fo far as relates
to us, any combuftible body, except fuch as are
incombuftible in the ordinary temperatures of
the earth ; or, what is the fame thing, in other
words, that it is effential to the nature of every
combuftible body not to poflefs the property of
combuftion, unlefs heated, or raifed to the degree
of temperature at which its combuition natural-
ly takes place. When this degree is once pro-
duced, combuftion commences, and the caloric
which is difengaged by the decompofition of
the oxygen gas keeps up the temperature ne-
ceffary for continuing combuftion. When this
is not the cafe, that is, when the difengaged ca-
loric is infufficient for keeping up the neceflary
temperature, the combuftion ceafes : This cir-
cumftance: is exprefled in common language
by faying, that a body burns ill, or with diffi-
culty.’

- Although combuftion poflefles fome circum-
ftances in common with diftillation, efpecially

with
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| kﬁﬂth the compound kind of that operation, they
. differ in a very material point. In diftillation

. there is a feparation of one part of the elements

~ of the fubftance from each other, and a combi-

_ nation of thefe, in a new order, occafioned by
 the affinities which take place in the increafed

. temperature produced during diftillation : This
' likewife happens in combuftion, but with this
~ farther circumftance, that a new element, not

& originally in the body, is brought into attion ;

- oxygen is added to the fubftance fubmitted to

| the operation; and caloric is difengaged.

1 The neceﬁit}r of employing oxygen in the

~ ftate of gas in all experiments with combuftion,

~ and the rigorous determination of the quanti-

. ties employed, render this kind of operations

¥ pecuhariy troublefome. As almoft all the pro-

- dudls of combuftion are difengaged in the ftate

. of gas, itis ftill more difficult to retain them

, '.-_ than even thofe furnifthed during compound di-
- ftillation; hence this precaution was entirely
. negletted by the ancient chemifts ; and this fet

of experiments exclufively belong to modern
~ chemiftry.

O

Having thus “pointed out, in a general wa}r,
the objects to be had in view in experiments
upon combuftion, I proceed, in the fnlluwiﬁg
fections of this chapter, to delcribe the different

-~ inftruments 1 have ufed with this view. The fol-
lowing arrangement is formed, not upon the
3 G nature
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nature of the combuftible bodies, hut upon that
of the inltruments neceffary for combuftion.

ol e i A S i ket i 8
Of the Combuftion of Phofphorus.

- In thefe combuftions we begin by filling 2 jar,
capable at leaft of holding fix pints, with oxy=
gen gas in the water apparatus, PL V. Fig. 1.;
when it is perfectly full, {o that the gas begins
to flow out below, the jar, A, 1s carried to the
mercury apparatus, PL IV, Fig. 3, We then
dry the furface of the mercury, both within and
without the jar, by means of blotting-paper, ta-
king care to keep the paper for fome time en=
tirely immerfed’ in the mercury before it is in-
troduced under the jar, left we let in any com-
mon  air, which fticks very obftinately to the
furface of the paper. The body to be fubmit-
ted to combuftion, being firlt very accurately
weighed in nice {cales, is placed in a fmall flat
{hallow dith, D), of iron or porcelain; this is
covered by the larger cup P, which ferves the
office of a diving bell, and the whole is pafled -
through the mercury into the jar, after which
the larger cup is retired. The difficulty of pals

fing the materials of combuftion in this manner
through
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i'(thmugh the mercury may be avoided by raifing
- one of the fides of the jar, A, for a moment,
. and flipping in the little cup, D, with the com-
f‘ ~ buftible body as quickly as poffible. In this
~ manner of operating, a {mall quantity of com-
. mon air gets into the jar, but it is fo very in-
- confiderable as not to injure either the progrefs
| or accuracy of the experiment in any fenfible
- degree.

When the cup, D, is introduced under the
- jar, we fuck out a part of the oxygen gas, fo as
:_ ~ to raife the mercury to EF, as formerly directed,
| Part I. Chap. V. otherwife, when the combul-
| tible body is fet on fire, the gas becoming di-
- lated would be in part forced out, and we fhould
1o longer be able.to make any accurate calcu-
- Jation of the quantities before and after the ex-
. periment. A very convenient mode of draw-
~ ing out the air is by means of an air-pump fy-
. ringe adapted to the {yphon, GHI, by which'
- the mercury may be raifed to any degree under
twenty-eight inches.: Very inflammable bodies,
~ as phofphorus, are fet on fire by means of the
- crooked iron wire, MN, Pl IV. Fig. 16, made
- red hot, and pafled quickly through the mercu-
ry. Such asare lefs eafily fet on fire, have a
- {mall portion of tinder, upon which a minute
~ particle of phofphorus is fixed; laid upun them
~ before ufing the red hot iron,

In
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In the firt moment of combuftion the air,
being heated, rarifies, and the mercury defcends;
but when, as in combuftions of phofphorus and
iron, no elaftic fluid is formed, abforption be-
comes prefently very fenfible, and the mercury
rifes high into the jar. Great attention muft
be ufed not to burn too large a quantity of any
{ubftance in a given quantity of gas, otherwife,
towards the end of the experiment, the cup
would approach fo near the top of the jar as to
endanger breaking it by the great heat produ-
ced, and the fudden refrigeration from the cold
mercury. For the methods of meafuring the
volume of the gaffes, and for correéting the
meafures according to the heighth of the baro-
meter and thermometer, &c. fee Chap. II. Seét.
V. and VI of this part,

The above procefs anfwers véry well for
burning all the concrete fubftances, and even
for the fixed oils: Thefe laft are burnt in lamps
under the jar, and are readily fet on fire by
means of tinder, phofphorus, and hot iron. But
it is dangerous for fubftances fufceptible of eva-
porating in a moderate heat, fuch as ether, al-
kohol, and the eflential oils; thefe fubftances
diffolve in confiderable quantity in oxygen gas;
and, when fet on fire, a dangerous and fudden
explofion takes place, which carries up the jar
to a great height, and dafhes it in a thoufand

pieces. From two fuch explofions fome of the
members
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5?;i'1:ﬁEmbers of the Academy and mylelf elcaped
#ery narrowly. Befides, though this manner of
~ operating is fufficient for determining pretty ac-
5 curately the quantity of oxygen gas abforbed,
“and of carbonic acid produced, as water is like-
* wife formed in all experiments upon vegetable
 and animal matters which contain an excels of
% hydrogen, this apparatus can neither collect it
- nor determine its quantity. The experiment
-"' with phofphorus is even incomplete in this way,
~ as it is impoffible to demonftrate that the weight
. of the phofphoric acid produced is equal to the
| fum of the weights of the phofphorus burnt and
- oxygen gas abforbed during the procefs. I have
~ been therefore obliged to vary the inftruments
" according to circumftances, and to employ fe-
~ veral of different kinds, which I fhall defcribe
~ in their order, beginning with that ufed for
burning phofphorus. :
. Take a large balloon, A, Pl IV. Fig. 4. of
~ criftal or white glafs, with an opening, EI', about
. two inches and a half, or three inches, diame-
~ ter, to which a cap of brafs is accurately fitted
with emery, and which has two holes for the
paffage of the tubes xx%, yyy. Before fhutting
~ the balloon with its cover, place within it the
~ ftand, BC, fupporting the cup of porcelain, D,
* which contains the phofphorus. 'Then lute on
~ the cap with fat lute, and allow it to dry for
- fome days, and weigh the whole accurately;
after
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after this exhauft the balloon by means of an
alr-pump conneéted with the tube x % x, and fill
it with oxygen gas by the tube y yy, from the
gazometer, Pl. VIII, Fig. 1, defcribed Chap. II.
Sect. IL of this part. The phofphorus is then
fet on fire by means of a burning.glafs, and is
allowed to burn till the cloud of concrete phof-
phiotic acid ftops the combuftion, oxygen gas
being continually fupplied from the gazometer.
When the apparatus has cooled, it is weighed
and unluted ; the tare of the inftrument being
allowed, the weight is that of the phofphoric
acid contained. It is proper, for greater accu-
racy, to examine the air or gas contained in the
balloon after combuftion, as it may happen to
be fomewhat heavier or lighter than common
~air; and this difference of weight muft be taken
into account in the calculations upon the refults
of the experiment,

Soo Bils GO Py worllR

i

._:__, ,- Of the Cwnblaﬁiar;'c:_af_':{._:','jﬂrwa;'

The api::aratus I have employed for this pro-
cefs confifts of a fmall conical furnace of ham-
mered copper, reprelented in perfpective, Pl. XII.

Fig. 9. and internally difplayed Fig. 11. Itis
: divided
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~ divided into the farnace, ABC, where the char-
| ' coal is burnt, the grate, de, and the afh-hole,
. F; the tube, GH, in the middle of the dome
* of the furnace ferves to introduce the charcoal,
* and as a chimney for carrying off the air which
~ has ferved for combuftion. Through the tube,
. Imn, which communicates with the gazometer,
L the hydrogen gas, or air, intended for fupport-
- ing the combuftion, is conveyed into the afh- ,
hole, ¥, whence it is forced, by the application
- of preflure to the gazometer, to pafs through the
- grate, de, and to blow upon the burning char-
- coal placed immediately above.
| Oxygen gas, which forms 22 of atmofpheric
- air, is changed "into carbonic acid gas during
. combuftion with charcoal, whillt the azotic gas
~ of the air is not altered at all. Hence, after
- the combuftion of charcoal in atmofpheric air,
- a mixture of carbonic acid gas and azotic gas
- muft remain ; to allow this mixture to pafs off,
- the tube, op, is adapted to the chimney, GH,
by means of a fcrew at G, and conveys the gas
~ into bottles half filled with folution of cauflic
- potalh. | The carbonic acid gas is abforbed by
- the alkali, and the azotic gas is conveyed into
a fecond gazometer, where its quantity is afcer-
B tatned. .
~ The weight of the furnace, ABC, is firft ac-
~ curately determined, then introduce the tube
- RS, of known weight, by the chimney, GH,
till
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till its, Tower end S, refts upon the grate, d ¢,
which it occupies entirely; in the next place,
fill the furnace with charcoal, and weigh the
whole again, to know the exat quantity of
charcoal fubmitted to experiment. The furnace
is now put in its place, the tube, / mn, is
fcrewed to that which communicates with the
gazometer, and the tube, 0p, to that which
communicates with the bottles of alkaline folu-
tion. Every thing being in readinefs, the ftop-
cock of the gazometer is opened, a fmall piece
of burning charcoal is thrown into the tube, RS,
which is inftantly withdrawn, and the tube, ¢ p,
is fcrewed:to the chimney, GH. The little
piece of "charcoal falls upon the grate, and in
this manner gets below the whole charcoal, and
is kept on fire by the ftream of air from the ga-
zometer. To be certain that the combultion is
begun, and goes on properly, the tube, g rs, is
fixed to the furnace, having a piece of glafs ce-
mented to its upper extremity, s, through which
we can fee if the charcoal be on fire.

I neglected to obferve above, that the furnace,
and its appendages, are plunged in water in the
ciftern, TVXY, Fig. 11. PL XIL to which ice
may be added to moderate the heat, if neceffary;
though the heat is by no means very confide-
rable, as there is no air but what comes from

the gazometer, and no more of the charcoal
burns
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~ burns at one time than what is immediately
rf  over the grate, g TR

As one piece of charcoal is confumed ' an-
% other falls down into its place, in confequence
- of the declivity of the fides of the furnace; this
gets into the ftream of air from the grate, de,
“and is burnt 3 and fo on, fucceflively, till the
- whole charcoal is confumed. The air which
 has ferved the purpofe of the combuftion paffes
~ through the mafs of charcoal, and is forced by
~ the preflure of the gazometer to efcape through
~ the tube, 0p, and to pafs through the bottles
- of alkaline folution. |

~ This experiment furnifhes all the neceflary
~ data for a complete analyfis of atmolpheric air
~ and of charcoal. We know the weight of char-
- coal confumed; the gazometer gives ‘us the
- meature of the air employed ; the quantity and
quality of gas remaining after combuftion may
- be determined, as it is received, either in an
. other gazometer, or in jars, in a pneumato.che-
_Mical apparatus ; the weight of afhes remain-
| ing in the afh-hole is readily afcertained ; and,
- finally, the additional weight acquired by the
.~ bottles of alkaline folution gives the exact quan-
tity of carbonic acid formed during the procels,
By this experiment we may likewife determine,
‘with fufficient accuracy, the proportions in
-which charcoal and oxygen enter into the com-
‘polition of carbonic acid. : |

7 H In
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In a future memoir I fhall give an account
to the Academy of a feries of experiments I
have undertaken, with this inftrument, upon all
the vegetable and animal charcozals. By fome
very {light alterations, this machine may be
made to anfwer for oblerving the principal phe-
nomena of refpiration. | |

L R R IV.
Of the Combujtion of Oils.

Oils are more compound in their nature than
charcoal, being formed by the combination of
at leaft two elements, charcoal and hydrogen
of courle, after their combultion in common
air, water, carbonic acid gas, and azotic gas,
remain. Hence the apparatus employed for
their combultion requires to be adapted for
colle@ting thefe three produdls, and is confes
quently more complicated than the charcoal
furnace. b

The apparatus 1 employ for this purpofe 8
compofed of a large jar or pitcher A, Pl. XII&
Fig. 4. furrounded at its Upper edge by a rim of
iron properly cemented at DE, and recedings
from the jar at BC, fo as to leave a furrow or

gutter v, between it and the outfide of the jar,
fomewhat
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I-“' fomewhat more than two inches deep. The
. cover or lid of the jar, Fig. 5. is likewife fur-
. rounded by an iron rim fg, which adjufts into

the gutter x¥, Fig. 4 which being ﬁlled with

; metmally in an inftant, without ufing any lute;
- and, as the gutter will hold about two inches
- of mercury, the air in the jar may be made to
~ fuftain the preflure of more than two feet of
~ water, without danger of its efcaping.
 The lid has four holes, T 4 %, for the paflage
of an equal number of tubes. The opening T
- is furnithed with a leather box, through which :
- paffes the rod, Fig. 3. intended for raifing and
~ lowering the wick of the lamp, as will be after-
| wards direfted. The three other holes are in-
tended for the paflage of three feveral tubes,
one of which conveys the oil to the lamp, a fe-
cond conveys air for keeping up the combul-
- tion, and the third carries off the air, after it
~ has ferved for combuftion. The lamp in which
- the oil is burnt is reprefented Fig. 2 ; ¢ is the
refervoir of oil, having a funnel by which it is
filled; bedefgh is a f}fphou which conveys
the oil to the iamfz 11; 7, 8, 9, 10, is the tube
which conveys the air for combultionn from the
~ gazometer to the fame lamp. The tube bc is
formed externally, at its lower end 4, into a
male {crew, which turns in a female ferew in the
- lid of the refervoir of oil a3 fo that, by turning
the
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the refervoir one way or the other, it is made
to rife or fall, by which the oil is kept at the
neceflary level.

When the fyphon is to be ﬁlled and the
communication formed between the refervoirof
oil and the lamp, the ftop-cock ¢ is fhut, and
that at ¢ opened, oil is poured in by the open-
ing f at the top of the fyphon, till it rifes with-

- - in three or four lines of the upper edge of the
lamp, the ftop-cock £ is then fhut, and that at

¢ opened ; the oil is then poured in at £ till the
branch b ¢d of the {yphon is filled, and then the
ftop-cock ¢ is clofed. The two branches of the
fyphon being now completely filled, a commu-
nication is fully eftablithed between the refer-
voir and the lamp.

In PL XIL Fig. 1. all the parts of the lamp
11, Fig. 2. are reprefented magnified, to thow
them diftin&ly. The tube 7% carries the oil
from the refervoir to the cavity ¢z a2, which
contains the wick ; the tube g, 10, brings the
air from the gazometer for keeping up the com-
buftion ; this air fpreads through the cavity
d d d d, and, by means of the paflages cccc and
bbbb, is diftributed on each fide of the wick,

“after the principles of the lamps conftrutted by

Argand, Quinquet, and Lange.
"U'o render the whole of this complicated ap-
paratus more eafily underftood, and that 1ts de-

{cription may make all others of the fame kind
' more
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~ more readily followed, it is reprefented, com-
. pletely connected together for ufe, in Pl XL
~ The gazometer P furnifhes air for the combui-
~ tion by the tube and ftop-cock 1, 2; the tube
2, 3, communicates with a fecond gazometer,
- which is filled whilft the firft one is emptying du-
ring the procefs, that there may be no interrup-
. tion to the combuftion ; 4, g, is a tube of glafs
- filled with deliquefcent falts, for drying the air
as much as poflible in its paflage; and the
- weight of this tube and its contained falts, at
'5 the hegmnmg of the experiment, being known,
it is ealy to determine the quantity of water ab-
- forbed by them from the air. Trom this ‘deli-
el quefcent tube the air is conducted through the
. pipe 5, 6, 7, 8, 9, 10, to the lamp 11, where it
~ fpreads on both fides of the wick, as before de-
. {cribed, and feeds the flame. One part of this
~ air, which ferves to keep up the combuftion of
~ the oil, forms carbonic acid gas and water, by
- oxygenating its elements. Part of this water
~ condenfes upon the fides of the pitcher A, and
another part is held in folution in the air'by
- means of caloric furnithed by the combuftion.

- This air is forced by the compreflion of the ga-

~ zometer to pafs through the tube 12 13, 14,
15, into the bottle 16, and the worm g PAL AL
~ where the water is full:,r condenfed from'the re-
- frlgeratmn of the aIr's ) and if any water ftifl re.

| mains
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mains in folution, it is abforbed by deliquefcent
falts contained in the tube 19, 20.

All thefe precautions are folely intended for
colletting and determining the quantity of wa-
ter formed during the experiment; the carbo-
nic acid and azotic gas remains to be afcertain-
ed. The former is abforbed by cauftic alkaline
folution in the bottles 22 and 25. I have only
reprefented two of thefe in the figure; but nine
at leaft are requifite ; and the laft of the feries
may be half filied with lime-water, which is the
moft certain reagent for indicating the prefence
of carbonic acid ; if the lime-water is not ren-
dered turbid, we may be certain that no fenfible
quantity of that aclid'remains in the air.

The reft of the air which has ferved for com-
‘buftion, and which chiefly confifts of azotic gas,
though ftill mixed with a confiderable portion
of oxygen gas, which has efcaped unchanged
from the combultion, is carried through a third
tube 28, 29, of deliquefcent falts, to deprive it
of any moifture it may have acquired in the bot-
tles of alkaline folution and lime-water, and
from thence by the tube 29, 30, into a gazo-
meter, where its quantity is afcertained. Small ,
eflays are then taken from it, which are expofed
to a folution of fulphuret of potafh, to afcertain
the proportions of oxygen and azotic gas it con=

tains.
In
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Fy " 1o the combuftion of oils the wick becomes
_,%-charred at laft, and obftrutts the rife of the oil ;
 befides, if we raile the wick above a certain
: height, more oil rifes through its capillary tubes
;%-than the ftream of air is capable of confuming,
3 and fmoke is produced. Hence it is neceflary
~ to be able to lengthen or fhorten the wick with-
~ out opening the apparatus 3 this is accomplifh-
~ ed by means of the rod 31, 32, 33, 34, which
~ paffes through a leather-box, and 1s conneéted
- with the fupport of the wick ; and that the mo-
~ tion of this rod, and confequently of the wick,
- may be regulated with the utmoft fmoothnefs
 and facility ; it is moved at pleafure by a p_ih'-
. nion which plays in a toothed rack. The rod,
. with its appendages, are reprefented Pl. XIIL.
Fig. 3. It appeared to me, that the combulftion
would be aflited by furrounding the flame of
the lamp with a {mall glafs jar open at both
ends, as reprefented in its place in Pl. XL
I fhall not enter into a more detailed defcrip-
tion of the conftruétion of this apparatus, which
s ftill capable of being altered and modified in
many refpets, but fhall only add, that when it
is to be uled in experiment, the lamp and refera
voir with the contained oil muft be accurately
weighed, after which it is placed as before di-
rected, and lighted ; having then formed the
. conneflion between the air in the gazometer
and the lamp, the external jar A, Pl XL is fix.

ed
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ed over all, and fecured by means of the board
BC and two rods of iron which conneé this |
board with the lid, and are fcrewed to it.
imall quantity of oil is burnt while the jar is ad-
julting to the lid, and the produét of that com
buftion is loft ; there is likewife a fmall portion
of air from the gazometer loft at the fame time.
Both of thele are of very inconfiderable confe-
quence in extenfive experiments, and they are
even capable of being valued in our calculation
of the refults.

In a particular memoir, I fhall give an ac-
count to the Academy of the difficulties infepas
rable from this kind of experiments: Thefe are
fo infurmountable and troublefome, that I have
not hitherto been able to obtain any rigerous
determination of the quantities of the produéts..
I have fufficient proof, however, that the fixed
oils are entirely refolved during combuftion in-
to water and carbonic acid gas, and confequent-
ly that they are compoled of hydrogen and
charcoal ; but T have no certain knowledge re-
fpecting the proportions of thefe ingredients.

SECT.
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o SughasiCn VE. V.
Of the Combuftion of Alkobol.

The combuftion of alkohol may be very readi-
ly performed in the apparatus already defcribed
for the combuttion of charcoal and pholphorus,
A lamp filled with alkohol is placed under the
jar A, PL IV. Fig. 3. a fmall morfel of phof-
phorus is placed upon the wick of the lamp,
which is {et on fire by means of the hot iron, as
‘before diretted. This procefs is, however, li-
able to confiderable inconveniency ; it is dan-
gerous to make ufe of oxygen gas at the begin-
ning of the experiment for fear of deflagration,
which is even liable to happen when common
air is employed.  An inftance of this had very
near proved fatal to myfelf, in prefence of fome
members of the Academy. Inftead of preparing
‘the experiment, as ufual, at the time it was to
be performed, I had difpofed every thing in or-
der the evening before; the atmofpheric air of the
jar had thereby fufficient time to diffolve a good
deal of the alkohol ; and this evaporation .had
even been confiderably promoted by the height
of the column of mercury, which I had raifed
to EF, PL 1V, Fig. 3. The moment I attempt-

2 ed
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ed to fet the little morfel of phnfphnrus on ﬁrc{n.
by means of 'the red hot iron, a violent explo-
fion took place, which threw the jar with great
violence againft the floor of the laboratory, anc
dalhed it in a thoufand pieces.
- Hence we can only operate upon very fmall
quantmes, fuch as ten or twelve grains of alko.
hol, in this manner ; and the errors which may
be committed in experiments upon fuch fmall
quantities prevents our placing any confidence
in their refults. I endeavoured to prolong the
combutftion, in the experiments contained in the
Memoirs of the Academy for 1784, p. 593
by lighting the alkohol firft in common air, and
furnithing oxygen gas afterwards to the jar,
proportion as it confumed ; but the carbonic
acid gas produced by the pmcel's became a great
hinderance to the combuftion, the more fo that
alkohol is but difficultly combuftible, efpecially
in worfe than common a1r ; {o that even in this
‘way very [mall quannnes ‘only could be burnt.
~ Perhaps this combuftion might fucceed better
mthe oil appara:tus, Pl KI but 1 have not
,luthertc: ventured to try it. T he jar A in which
the cthuﬁmn is performed is near 1400 cubie
cal mchcs in dimenfion ; and, were an explo- :_
fion to take place in fuch a veflel, its confe-
quences wauld be very terrible, and very diffie =
cult to guard againft, I have not, however,
defpaired of making the nttempt |

B

From



OF CHEMISTRY. 435

. From all thele difficulties, I have been hither-
to obliged to confine myfelf to experiments up-
on very fmall quan_titieﬂ of alkohol, or at 1;;_&11
to combuftions made in open veffels, fuch as
that reprefented in Pl 1X. Fig. 5. which will
be defcribed in Section VIL of this chapter. 1f
I am ever able to remove thefe difficulties, I

fhall refume this inveftigation.

1 §! ipugesipye | VIlolat tisis ¢
Of the 1C'am£:;¢./2£m.qf __..E:‘th‘:f._ :

~ Tho’ the combuftion of ether in clofe veffels
does not prefent the fame difficulties as that of
alkohol, yet it involves fome of a different kind,
not more eafily overcome, and which ftill pre-
vent the progrefs of my experiments. 1 endea-
voured to profit by the property which ether
poflefles of diﬂ'alving in atmofpheric air, and
rendering it inflammable without explofion.
For this purpofe, I conftrued the refervoir of
ether a b cd, Plate XII. Tig.8. to which air is
brought from the gazometer by the tube 1, 2,
3, 4. This air fpreads, in the firft place, in the
double lid ac of the refervoir, from which it
pafles through feven tubes ef, gb, ik, &c which
defcend to the bottom of the ether, and it is

forced
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forced by the preflure of the gazometer to bojl
up through the ether in the refervoir. We
may replace the ether in this firft refervoir, in
proportion as it is diffolved and carried off by
the air, by means of the fupplementary refer-
voir E, connefted by a brafs tube fifteen or
eighteen inches long, and fhut by a ftop-cock.
This length of the conneding tube is to enable
the deflcending ether to overcome the refiftance
occafioned by the preflure of the air from the
gazometer.
The air, thus loaded with vapuu:rs of ether,

is conduled by the tube 5, 6, 7, 8, 9, to the
jar A, into which it is allowed to elcape through
a capillary opening, at the extremity of which.
it is fet on fire. The air, when it has ferved
the purpole of combuftion, pafles through the
bottle 16, PL XI. the worm 17, 18, and the
deliquelcent tube 19, 20, after which it paffes
through the alkaline bottles; in thefe its car-
bonic acid gas is abforbed, the water formed
during the experiment having been previoufly
depofited in the former parts of the apparatus.
- When 1 caufed conftrué this apparatus,
fuppofed that the combination of atmofpheric air
and ether formed in the refervoir a & ¢ d, Pl XIL
Fig. 8. was in proper proportion for fupporting
combuftion ; but in this I was miftaken ; for:
there is a very confiderable quantity of excefls of
ether ; fo that an additional quantity of atmo-
fpheric
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fpheric air is neceffary to enable it to burn fully.
*ﬂence a lamp conftruéted upon thefe principles
‘will burn in common air, which furnifhes the
quantity of oxygen neteflary’ for combuftion,
but will not burn in clofe veflels in which the
air is not renewed. From this circumftance,
my ether lamp went out foon after being light-
ed and fhut up in the jar A, PL XIL Fig. 8.
To remedy this defet, I endeavoured to bring
atmofpheric air to the lamp by ths lateral tube
10, 11, 12, 13, 14, 15, which I diftributed
circularly round the flame; but the flame is fo
exceedingly rare, that it is blown out by the
gentlelt poflible ftream of air, fo that T have not
hitherto fucceeded in burning ether. I.do not,
however, defpair of being able to accomplifh it
by means of fome changes I am about to have
made upon this apparatus, ;

b R OB e e

Of the Combu/tion of Hydrogen Gas, and the For.
mation of Water.

In the formation of water, two {ubftances,

‘hycl.mgen and oxygen, which are both in the
acriform ftate before combuftion, are tranf-

formed into liquid or water by the operation.

This
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Thas expenment would be very eafy, and would
requlre very fimple inftruments, if it were pof
fible to procure the two gafles perfetly pure,
fo that they mlght burn without any refi.
duum. We might, in that cafe, operate in very
fmalI veflels, and, by continually furnifhing the
two gaffes in proper proportions, might conti.
nue the combuition indefinitely. But, hitherto,
chemifts have only employed oxygen gas, mix-
ed with azotic gas; from which circumftance,
they have only been able to keep up the com-
buftion of hydrogen gas for a very limited time
in clofe veflels, becaufe, as the refiduum of azo-
tic gas is continually increafing, the air be-
comes at lalt fo much contaminated, that the
flame weakens and goes out. This inconveni
ence is fo much the greater in proportion as the
oxygen gas employed is lefs pure. From this
circumftance, we muft either be fatisfied with
operating upon fmall quantities, or muft ex.
hauft the veffels at intervals, to get rid of the
refiduum of azotic gas; but, in this cafe, a
pnrtmn of the water formed during the experi-
ment is evapurated by the exhauftion ; and the
refultmg error is the more dangemus to the ac-
curacy of the procefs, that we have no certain
means of valuing it. | |
Thefe confiderations make me defirous t_
repeat the principal experiments of pneumatic
chemiftry with oxygen gas entirely free from
any
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any admixture of azotic gas; and this may be
procured from oxygenated muriat of potath.
The oxygen gas extracted from this falt does
not appear to contain azote, unlels accidentally,
fo that, by proper precautions, it may be ob-
tained perfetly pure. In the mean time, the
apparatus employed by Mr Meulnier and me
for the combultion of hydrogen gas, which is
defcribed in the experiment for recompofition
of water, Part I. Chap. VIII, and need not be
here repeated, will anfwer the purpofe; when
pure gafles are procured, this apparatus will re-
quire no alterations, except that the capacity
of the veflels may then be diminithed. See
Pl. 1V. Fig. 5. |
The combuflion, when once begun, conti-
nues for a confiderable time, but weakens gra-
dually, in proportion as tlie quantity of azotic
gas remaining from the combultion increafes,
till at laft the azotic gas is in fuch over propor-
tion that the combultion can no longer be fup-
ported, and the flame goes out. This {ponta-
neous extinétion muft be prevented, becaufe, as
the hydrogen gas is preffed upon in its refer-
voir, by an inch and a half of water, whilft the
oxygen gas fuflers a preflure only of three lines,
a mixture of the two would take place in the
balloon, which would at laflt be forcedlb}r.t'hﬁ
fuperior preflure into the refervoir of E}x_jrgen
gas. Wherefore the combuftion muft be ftop-
ped,
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ped, by fhutting the ftop-cock of the tube dD4
whenever the flame grows very feeble ; for
which purpofe it muft  be attentively watch
ed. . '

There is another apparatus for combuftion
which, though we cannot with it perform ex
periments with the fame fcrupulous exaétnefs a
with the preceding inftruments, gives very ft ;
king refults that are extremely proper to be
_fhewn in courles of philofophical chemiftry. Ii
confilts of a worm EF, PL IX. Fig. 5. contained
in a metallic cooller ABCD. To the upper
part of this worm E, the chimney GH is fixed,
which is compofed of two tubes, the inner of
which is a continuation of the worm, and the
outer one is a cafe of tin-plate, which furrounds
_it at about an inch diftance, and the interval is
filled up with fand. - At the inferior extremity
- K of the inner tube, a glafs tube is fixed, -to
which we adopt the Argand lamp LM for burn
ing alkohol, &c.

Things being thus dlfpnfed and the lamp
being filled with a determinate quantity of alko-
‘hol, it is fet on fire; the water which is. formed
during the combuftion rifes in the chimney KE,
and being condenfed in the worm, runs out at
its extremity I into the bottle P.  The double
tube of the chimney, filled with fand in the in«
terftice, is to prevent the tube from cooling in
its upper part, and condenfing the water; o-
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therwife, it would fall back in the tube, and we
i{hould not be able to afcertain its quantity, and
befides it might fall in drops upon the wick,
ahd-extinguifh the flame. The intention of this
conftruétion, is to keep the chimney always hot,
and the worm always cool, that the water may
be preferved in the ftate of vapour whillt ri-
fing, and may be condenfed immediately upon
getting into the defcending part of the appara-
tus. By this inftrument, which was contrived
by Mr Meufnier, and which is deferibed by me
in the Memoirs of the Academy for 1784, p.
593. we may, with attention to keep the worm
always cold, collett nearly feventeen ounces of
water from the combuftion of fixteen ounces of
alkohol.

< 4 e
Of the Oxydation of Metals.

The term oxydation or calcination is chiefly u-
fed to fignify the procefs by which metals expo-
fed to a certain degree of heat are converted
nto oxyds, by abforbing oxygen from the air.
This combination takes place in confequence of
oxygen poflefling a greater aﬂiﬁity to metals, at
a certain temperature, than to caloric, which

3 K becomes
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becomes difengaged in its free flate ; but, ag
this difengagement, when made in common air,
1s flow and progreflive, it is fcarcely evident ;:
the fenfes. It is quite otherwife, however, wher
-oxydation takes place in oxygen gas ; for, being
produced with much greater rapidity, it is ge
nerally accompanied with heat and light, fo as
evidently to fhow that metallic fubftances are
real combuftible bodies. |
All the metals have not the fame degree of
affinity to oxygen. Gold,filver, and platina, for
inftance, are incapable of taking it away from
its combination with caloric, even in the greatelt
known heat ; whereas the other metals abforb 1t
in a larger or fmaller quantity, until the affini
ties of the metal to oxygen, and of the latter tc
caloric, are in exaé equilibrium. Indeed, this
ftate of equilibrium of affinities may be aflumed
as a general law of nature in all combina-
tions. ' |
In all operations of this nature, the oxydation
of metals is accelerated by giving free accels
to the air; it is fometimes much aflifted by
joining the altion of a bellows, which direéts
ftream of air over the furface of the metak
This procefs becomes greatly more rapid if
ftream of oxygen gas be ufed, which is readily
done by means of the gazometer formerly des =
fcribed. - The metal, in this cafe; throws out 2
brilliant flame, and the oxydation is very quick=
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Iy accomplifhed ; but this method can only be
ufed in very confined experiments, on account
of the expence of procuring oxygen gas. In
the effay of ores, and in all the common opera-
tions of the laboratory, the calcination or oxy-
dation of metals is ufually performed in a difh~
of baked clay, Pl IV. Fig. 6. commonly called
a roafting teft, placed ina ftrong furnace. The
fubftances to be oxydated are frequently firred,
on purpofe to prefent frefth furfaces to the air.
Whenever this operation is performed upon
ametal which is not volatile, and from which
nothing flies off into the furrounding air during
the procefs, the metal acquires additional
weight ; but the caufe of this increafed weight
during oxydation could never have been difco-
vered by means of experiments performed in
free air ; and it is only fince thefe operations
have been performed in clofe vefiels, and in de-
terminate quantities of air, that any juft con-
jectures have been formed concerning the caufe
of this phenomenon. The firlt method for
this purpofe is due to Dr Prieftley, who expo-
fes the metal to be calcined in a porcelain cup
N, PLIV. Fig. 11. placed upon the ftand IK,
under a jar A, in the bafon BCDE, full of wa-
ter ; the water is made to rife up to GH, by
fucking out the air with a fyphon, and the focus
of a burning glafs is made to fall upon the me-
fal. In a few minutes the oxydation takes place,

a
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a,part of the oxygen contained in the air coms
‘bines with the metal, and a proportional dimis
nution of the volume of air is produced ; what
remains is nothing more than azotic gas, till
however mixed with a fmall quantity of oxygen
gas. - L have given an account of a feries of ex.
periments made with this apparatus in my Phy:
fical and Chemical Effays, firft publifhed in
1773+ Mercury may be ufed inftead of water
in this experiment, whereby the refults are ren
dered ftill more conclufive.
- Another procefs for this purpofe was inventec
by Mr Boyle, and of which I gave an account
in the Memoirs of the Academy for 1774, p
351. The metal is introduced into a retort
Pl 1II. Tig. 20. the beak of which is hermeti-
cally fealed ; the metal is then oxydated by
means of heat applied with great precaution.
'The weight of the veflel, and its contained fub-.
ftances, is not at all changed by this procefs
" until the extremity of the neck of the retort is
broken ; but, when that is done, the externa
air rufhes in with a hifling noife, This opera
tion is attended with danger, unlefs a part c
the air is driven out of the retort, by means of
heat, before it is hermetically fealed, as other-
wile the retort would be apt to burft by the die
Jation of the air when placed in the furnace.
The quantity of air driven out may be received
under a jar in the pneumato-chemical appara= =
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tus, by which its quantity, and that of the air
remaining in the retort, is afcertained. 1 have
not multiplied my experiments upon oxydation
of metals fo much as I could have wifhed 3 -pei-
ther have I obtained fatisfactory refults with a-
ny metal except tin. It is much to be wifhed
that fome perfon would undertake a feries of
expetiments upon oxydation of metals in the
feveral gaffes; the fubje& is important, and
would fully repay any trouble which this kind
of experiment might occafion.

As all the oxyds of mercury are capable of
revivifying without addition, and reftore the
oxygen gas they had before ablorbed, this
feemed to be the moft proper metal for beco-
ming the fubject of conclufive experiments up-
on oxydation. I formerly endeavoured to ac-
complith the oxydation of mercury in clofe vel-
fels, by filling a retort, containing a fmall quan-
tity of mercury, with oxygen gas, and adapting
a bladder half full of the fame gas to its beak ;
See Pl. IV. Fig. 12. Afterwards, by heating
the mercury in the retort for a very long time,
I fucceeded in oxydating a very fmall portion,
fo as to form a little red oxyd floating upon the
furface of the running mercury ; but the quan.
tity was fo {mall, that the fmalleft error com-
mitted in the determination of the quantities of
oxygen gas before and after the operation muft
have thrown very great uncertainty upon the

relults
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refults of the experiment. I was, befides, dif- ',
fatisfied with this procefs, and not without
caufe, left any air might have efcaped through
the pores of the bladder, more efpecially as it
becomes fhrivelled by the heat of the furnace,
unlefs covered over with cloths kept conftantly
wet. J

- This experiment is performed with more cer-
tainty in the apparatus defcribed in the Me-
moirs of the Academy for 1775, p- 580. This
confifts of a retort, A, PL 1V. Fig. 2. having a
crooked glafs tube BCDE of ten or twelve lines.
internal diameter, melted on to its beak, and
which is engaged under the bell glafz FG,
ftanding with its mouth downwards, in a bafon
filled with water or mercury. The retort is
placed upon the bars of the furnace MMNN,
Pl. IV. Fig. 2. or in a fand bath, and by means.
of this apparatus we may, in the courfe of feve-
*ral days, oxydate a fmall quantity of mercu
in common air ; the red oxyd floats upon the
furface, from which it may be collected and re-
vivified, fo as to compare the quantity of oxy-
gen gas obrained in revivification with the ab-
forption which took place during oxydation.
This kind of experiment can only be performed
upon a fmall fcale, fo that no very certain con-
¢lufions can be drawn from them *,

* See an account of this experiment, Part. I. Chap.
iiil""""ﬁi
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. The combuftion of iron in oxygen gas being
a true oxydation of that metal, ought to be,
mentioned in this place. The apparatus em-
ployed by Mr Ingenhoufz for this operation is.
reprefented in PL.1V. Fig. 17. ; but, having al-
ready defcribed it _Iuﬂimentl}r in Chap. IIL. I fhall
refer the reader to what is faid of it in that
place. Iron may likewile be oxydated by com-
buftion in veffels filled with oxygen gas, in the
way already direCted for phofphorus and char-
coal. This apparatus is reprelented Pl IV,
Fig. 3. and delcribed in the fifth chapter of the
firft part of this work. We learn from Mr In-
genhnufz, that all the metals, except gold, fil-
ver, and mercury, may be burnt or oxydated
in the fame manner, by reducing them into very
fine wire, or very thin plates cut into narrow
{hps thefe are twilted round with iron-wire,
whlch communicates the property of burning
to the other metals.

Mercury is even difficultly oxydated i in free
air. In chemical laboratories, this prucefs is
ufually carried on in a matrafs A, Pl IV. Fig.
having a very flat bud}r, and a very long neck
BC, which veflel is cummunly called Boyle’s
bell. A quantity of mercury is introduced fuf-
' ficient to cover the bottom, and it is placed'in
- a fand- bath, which keeps up a conftant heat
apprnachmg to that of boiling mercury, By
continuing this operation with five or fix fimi-
lar matraffes during feveral months, and re-

newing
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newing the mercury from time to time, a few
ounces of red oxyd are at laft obtained, The
great flownefs and inconvenience of this appa-
ratus arifes from the air not being fufficiently
renewed ; but if, on the other hand, too free a
circulation were given to the external air, it
would carry off the mercury in folution in the
ftate of vapour, fo that in a few days none
would remain in the veflel. '

As, of all the experiments upon the oxyda.
tion of metals, thofe with mercury are the moft
conclufive, it were much to be withed that a
fimple apparatus could be contrived by which
this oxydation and its refults might be demon-
ftrated in public courfes of chemiftry. This
might, in my opinion, be accomplithed by me-
thods fimilar to thofe T have already defcribed
for the combultion of charcoal and the oils ;
but, from other purfuits, I have not been able
hitherto to refume this kind of experiment.

The oxyd of mercury revives without addi-
tion, by being heated to a flightly red heat. In
this degree of temperature, oxygen has greater
affinity to caloric than to mercury, and forms
oxygen gas, This is always mixed with a {mall
pﬂrtiﬁn of azotic gas, which indicates that the
mercury abforbs a fmall portion of this latter
gas during oxydation. It almoft always con-
tains a little carbonic acid gas, which muft un-
doubtedly be attributed to the foulnefles of the

oxyd ;
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‘oxyd ; thele are charred by the heat, and con-
- vert a part of the oxygen gas into carbonic a-
. If chemifts were reduced to the neceffity of
procuring all the oxygen gas employed in their
- experiments from mercury oxydated by heat
« without addition, or, as it is called, calcined or
precipitated per fe,” the exceflive dearnefs of.
that preparation would render experiments, e-
- ven upon a moderate fcale, quite impracticable,
But mercury may likewife be oxydated by
- means of nitric acid ; and in this way we pro-
cure a red oxyd, even more pure than that pro-
- duced by calcination. I have fometimes pre-
- pared this oxyd by diffolving mercury in nitric .
acid, evaporating to drynefs, and calcining the
. falt, either in a retort, or in capfules formed
- of pieces of broken matrafles and retorts, in
the manner formerly defcribed ; but I have ne-
- ver fucceeded in making it equally beautiful
with what is fold by the druggifts, and which
- is, I believe, brought from Holland. In choo-
£ fing this, we ought to prefer what is in folid
- lumps compofed of foft adhering fcales, as when
~ in powder it is fometimes adulterated with red
- oxyd of lead.
~To obtain oxygen gas from the red oxyd of
mercury, 1 ufually employ a porcelain retort,
having a long glafs tube adapted to its beak, -
- which is engaged under jars in the water pneu.
3L mato-
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mato.-chemical apparatus, and I place 2 bottle
in the water, at the end of the tabe, for recei-

ving the mercury, in proportion as it revives

and diftils over. As the oxygen gas never ap-

péars till the retort becomes red, it feems to

prove the principle eftablifhed by Mr Berthol-

let, that an obfcure heat can never form oxygen

gas, and that light is one of its conitituent ele-

ments. We muft reject the firft portion of gas

which comes over, as being mixed with com-
mon air, from what was contained in the re-

tort at the beginning of the experiment ; but,

even with this precaution, the oxygen gas pro-

cured is ufually contaminated with a tenth part

of azotic gas, and with a very {mall portion of
carbonic acid gas. This latter is readily got
rid of, by making the gas pafs through a folu-
tion of cauftic alkali; but we know of no me-

thod for feparating the azotic gas ; its propor-

-tions may however be afcertained, by leaving

a known quantity of the oxygen gas contami-
nated with it for a fortnight, in contaé with

{ulphuret of foda or potath, which abforbs the

oxygen gas fo as to convert the fulphur into

fulphuric acid, and leayes the azotic gas re-

maining pure.

We may likewife procure oxygen gas from
black oxyd of manganefe or nitrat of potafh,
by expofing them to a red heat in the appara-
tus already defcribed for operating upon red
A ' oxyd
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Co Bk Py I
of Dgﬂagraﬁam--

H AVE alteady thown, Part I. Chap. I¥.
that oxygen' does not 1lways part with tlte
whate of the caloric it contained in the ftate of
gas when it enters into combmation with-other
bodies. It carries almoft the whole of its calo=
ric alongft with it in entering. into the combi-
nations which form nitric acid and oxygenated
muriatic acid ; fo that in nitrats, and more efpe-
cially 1n oxygenated muriats, the oxygen is, in
a certain degree, in the ftate of oxygen gas,
condenfed, and reduced to the fmalleft volume
it is capable of occupying.
~In thefe cémbinations, the caIarn: exerts a:
conftant aftion upon the nxygen to brmg it’
back to the ftate of gas; hence the oxygen ad-
heres but very {lightly, and the fmalleft addi.
tional force is capable of fetting it free; and,
when fuch force is applied, it often recovers the
ftate of gas inftantaneoufly. This rapid paffage
from the folid to the z2ériform ftate is called
detonation, or fulmination, becaufe it is ufually
accompanied with noile and explofion. Defla-
grations are commonly produced by means of
combinations of charcoal either with nitre or
: oxygenated
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2 ~ okygenated muriat of potath ; fometimes, to af-

- fift the inflammation, fulphur is added; and,
~ upon the jult proportion of thefe ingredients,
~ and the proper manipulation of the mixture,
~ depends the art of making gun-powder.

As oxygen is changed, by deflagration with
- charcoal, into carbonic acid, inftead of oxygen
. gas, carbonic acid gas is difengaged, at leaft
~ when the mixture has been made in juft pro-
portions, In deflagration with nitre, azotic

 gas is likewile difengaged; becaufe azote is ome
- of the conftituent elements of nitric acid.

The fudden and inftantaneous difengage-
ment and expanfion of thefe gafles is not, howa
ever, fufficient for explaining all the phenome-
na of deflagration ; becaufe, if this were the fole
. operating power, gun-powder would always be
~ fo much the ftronger in proportion as the quan.
tity of gas difengaged in a given time was the
more confiderable, which does not always aé=
cord with experiment. I have tried fome kinds
which produced almoft double the effect of or-
2 dinar}"gu-n*powder, although they gave out a
- fixth part lefs of gas during deflagration. It
| would appear that the quantity of caloric difen-
gaged at the moment of detonation contributes
confiderably to the expanfive effects produced ;
- _fnr, although caloric penetrates freely through

the pores of every -body inL::latl.:l'l:1r it can only
do fo progreflively, and in a given time ; hence,

| when
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when the quantity difengaged at once is too |
large to get through the pores of the furround.
‘ing bodies, it muft neceflarily aé& in the fame
~way with ordinary elaftic fluids, and overturn |
every thing that oppofes its paflage. This muft,
~at leaft in part, take place when gun-powder is
fet on fire in 2 cannon ; as, although the meta f
is permeable to caloric, the quantity difengaged
at once is too large to find its way through the §
pores of the metal, it muft therefore make an
effort to efcape on every fide; and, as the re-
fiftance all around, excepting towards the m 7..-.
zle, is too great to be overcome, this effort is
employed for expelling the bullet. k-
The caloric produces a fecond effe®t, b
means of the repulfive force exerted between
_its particles ; it caufes the gafles, difengaged a
the moment of deflagration, to expand witha
degree of force proportioned to the temperatu
produced. 4
" It is very probable that water is decompofed
during the deflagration of gun-powder, and that
part of the oxygen furnithed to the nafcent car-
bonic acid gas is produced from it. If fo, a
confiderable quantity of hydrogen gas muft be
~difengaged in the inftant of deflagration, whic_hf_
- expands, and contributes to the force of the ex-
plofion. It may readily be conceived how great- }
ly this circumftance muft increale the effet of

_powder, if we confider that a pint of hydrogen
235y * gas

o
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gas weighs only one grain and two thirds;
‘_hence a very fmall quantity in weight mult oc- ,
cupy a very large fpace, and it muft exert a-
prodigious expanfive force in pafling from the
liquid to the aériform ftate of exiftence. |
In the laft place, as a portion of undecom-
pofed water is reduced to vapour during the
deflagration of gun-powder, and as water, In
the ftate of gas, occupies feventeen or eighteen
hundred times more fpace than in its liquid
{tate, this circumftance muft likewife contribute -
largely to the explofive force of the powder.
1 have already made a confiderable feries of'
experiments upon the nature of the elaftic flurds
difengaged during the deflagration of nitre with
charcoal and fulphur; and have made fome,
likewife, with the oxygenated muriat of potafh.
'This method of inveftigation leads to tollerably
accurate conclufions with refpeét to the contti-
tuent elements of thefe falts. Some of the prin-
cipal refults of thefe experiments, and of the
confequences drawn from them refpe&ing the
analyfis of nitric acid, are reported in the col-
lection of memoirs prefented to the Academy
by foreign philofophers, vol. xi. p. 625. Since
then I have procured more convenient inftrue
ments, and I intend to repeat thefe experiments B
1
|

t— i S e ————

T

upon a larger fcale, by which T fhall procure

more accurate precifion in their refults; the .

following, however, is the procefs I have hither- ,
to g
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to employed. 1 would very earneftly advife fuch .,
as intend to repeat fome of thefe expe.nments, y |
to be very much upon their guard in operating k|
upon any mixture which contains nitre, char-
coal, and fulphur and more efpecml!y with thofe
in which oxygenated muriat of potafh is mixed
~with thefe two materials, )
1 make ufe of pifto] barrels, about fix mches
long, and of five or fix lines dlameter, having
the touch-hole fplked up with an iron nail -
ftrongly driven in, and brnkﬁn in the hole, and
a little tin-fmith’s (older ryn in to prevent any -
pofiible iffue for the air. Thefe are charged
with a mixture of known quanm:es of nitre and .
:har;:nal or any other mixture capable of de-
flagration, reduced to an impalpable powder,
and formed into a palte with a moderate quan- :
tu}f of water. Every portion of the materials ©

mtrcd uced muft be rammed down with a ram- =

mer nqarly of the fame caliber with the barrel, =

four or five lines at the muzzle muft be left
empty, and about two inches of quick match , -

are added at the end of the charge. The only
difficulty in this experiment, efpecially when ful- 3
phur is contained in the mixture, is to-difcover
the proper degree of moiltening; for, if the
_ pafte be too much wetted, it will not take fire,
and if too dry, the deflagration 1s apt to become .
too rapid,-and even dangerous.
| : When «

(5
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When the experiment is not intended to be
rigoroufly exa, we fet fire tl:i_the match, and,
when it is juft about to commaunicate with the
charge, we plunge the piftol below a large bell-
glafs full of water, in the pneumato-chemical
apparatus. The deflagration begins, and conti-
nues in the water, and gas is difengaged with
- lefs or more rapidity, in proportion as the mix-
ture is more or lefs dry. So long as the defla-
gration continues, the muzzle of the piftol muft
be kept fomewhat inclined downwards, to pre-
vent the water frofh getting into its barrel. In
~ this manner I have fometimes colleéted the gas
produced from the deflagration of an ounce and
half, or two ounces, of nitre. ~
- In this manner of operating it is impofiible to

determine the quantity of carbonic acid gas dil-
engaged, becaufe a part of it is ablorbed by the
water while paffing through it; but, when the
carbonic acid is abforbed, the azotic gas re-
mains ; and, if it be agitated for a few minutes
in cauftic alkaline folution, we obtain it pure,
and can eafily determine its volume and weight.
We may even, in this way, acquire a tollerably
exatt knowledge of the quantity of carbonic
acid by repeating the experiment a great many
times, and varying the proportions of charcoal,
till we find the exad quantity requifite to defla-
- grate the whole nitre employed. Hence, by
means of the weight of charcoal employed, we
3 M determife
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determine the weight of oxygen neceflary for 5
{aturation, and deduce the quantitv; of oxygen
contained in a given weight of nitre.

I have ufed another procefs, by which thg:
refults of this experiment are confiderably more
accurate, which confifts in receiving the difen-
gaged gafles in bell-glaffes filled with mercury.
The mercurial apparatus 1 employ is large
enough to contain jars of from twelve to fifteen
pints in capacity, which are not very readily
mauaged when full of mercury, and even re-
quire to be filled b}r a particular method. When
the jar is placed in the ciftern of mercury, a
glafs fyphon is introduced, connefted with al
fmall air-pump, by means of which the air is
exhaufted, and the mercury rifes fo as to fill
the jar. After this, the gas of the deflagration |
is made to pafs into the jar in the fame manner
as direted when water is employed. i;

I muft again repeat, that this fpecies of ex-
periment requires to be performed with the
greatelt poflible precautions. 1 have fometimes
feen, when the dL{engagement of gas proceeded X
with too great rapidity,. jars filled with more
than an hundred and fifty pounds of mercury )
driven off by the force of the explofion, :md__
broken to pieces, while the mercury was fcat- =
tered about in great quantities. ~

When the experiment has fucceeded, and the
gas is collefted under the jar, its quantity in

general,
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OF Fufion.

J E have already feen, that, by aqueous
folution, in which the particles of bo-

dies are feparated from each other, neither the '
folvent nor the body held in folution are at all
decompofed ; fo that, whenever the caufe of fe-
paration ceafes, the particles reunite, and the
faline fubftance recovers precifely the fame ap-
pearance and properties it poflefled before fo-
lution. Real folutions are produced by fire,

-

or by introducing and accumulating a great
& - L - . L
quantity of caloric between the particles ot bo-
dies ; and this fpecies of folution in caloric is

ufually called fufion. I
- This operation ‘is commonly performed in

veflels called crucibles, which muft neceffarily
L - be
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be lefs fufible than the bodies they are intended
to contain. - Hence, in all ages, chemilts have
“been extremely folicitous- to ' procure crucibles
of very refraétory materials, or fuch as are ca-
pable of refilting a very high degree of heat.
The beft are: made of very pure clay or of por-
celain earth ; whereas fuch as are made of clay
mixed with calcareous or filicious earth are very
* fufible. All the crucibles made in the neigh.
bourhood of Paris are of this kind, and confe-
quently unfit for moft chemical experiments.
The Heflian crucibles are tolerably good ; but
the belt are made of Limoges earth, which
feems abfolutely infufible. We have, in France,
‘a great many clays very fit for making cruci-
bles ; fuch, for inftance, is the kind ufed for
making melting pots at the glafs-manufa&dr]r of
St Gobin. . |

Crucibles are made of various forms, accor-
_ding to the operations they are intended to per-
form. Several of the molt common kinds are
reprefented Pl VII. Fig. 7. 8. 9. and 10. the
one reprefented at Fig. 9. is almolt fhut at its

mouth,

Though fufion may often take place without
changing the nature of the fuled body, this ope-
ration isfrequently employedas a chemical means
of decompofing and recompounding bodies. . In
this way all the metals are extracted from: their
ores ; and, by this procefs, they are revivified,

2 moulded,
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moulded, and alloyed with each other. By this
procefs fand and alkali are combined to form
glafs, and by it likewife paftes, or coloured
{tones, enamels, &c. are formed.

“T'he action of violent fire was much more fre..
quently employed by the ancient chemifts thz -.-.,
it is in modern experiments. 'Since greater pres
~cifion has been employed in philofophical res
fearches, the Aumid has been ' preferred to the
dry method of procefs, and fufion is feldom had
recourfe to until all the other means of analyfis
have failed. | '

Y T = —

i g b . e i o
of Furnaces.

Thefe are inftruments of moft univerfal ufe
in chemiftry ; and, as the fuccefs of a great .
number of experiments depends upon their be-
ing well or ill conftructed, it is of great impor-
tance that a laboratory be well provided in this
refpe. A furnace is a kind of hollow cylin-
drical tower, fometimes widened above, PL XIII,
Fig. 1. ABCD, which muft have at leaft two
lateral openings ; one in its upper part F, which
is the door of the fire-place, and one below, G,
leading to the afh-hole. Between thefe the fur-

nace
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pace is divided by a horizontal grate, intended
for fupporting the fewel, the fituation of which
is marked in the figure by the line HI. Though
this be the leaft complicated of all the chemical
furnaces, yet it is applicable to a great number
of purpofes. By it lead, tin, bifmuth, and, in
general, every fubftance which does not require
a very ftrong fire, may be melted in crucibles
it will ferve for metallic oxydations, for evapo-
ratory veflels, and for fand-baths, as in PL 1L
Fig. 1. and 2. To render it proper for thefe
purpofes, feveral notches, mm mm, Pl. XL
Fig. 1. are made in its upper edge, as otherwife
any pan which might be placed over the fire
would ftop the paflage of the air, and prevent
the fewel from burning. 'This furnace can on-
ly produce a moderate degree of heat, becaufe
the quantity of charcoal it is capable of con-
fuming is limited by the quantity of air which
is allowed to pafs through the opening G . of
the afth-hole. Its power might be confiderably
augmented by enlarging this opening, but then
the great fiream of air which is convenient for
fome operations might be hurtful in others ;
wherefore we muft have furnaces of different
forms, conftruéted for different purpofes, in our
laboratories : There ought efpecially to be feve-
ral of the kind now delcribed of diflerent fizes.

‘The reverberatory furnace, Pl. XI1II. Fig. 2.
' is perhaps more neceffary. This, like the coms

maoil
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mon furnace, is compofed of the afh-hole HIKL,

the fire-place KLMN, the laboratory MNOP,
and the dome RRS8S, with its funnel or chim-
ney TTVV ; and to this laft feveral additional
tubes may be adapted, according to the nature
of the different experiments. The retort A is
placed in the divifion called the laboratory, r_c
fupported by two bars of iron which run acrofs
the furnace, and:-its beak comes out at a
found hole in the fide of the furnace, one half 1
of which is cut in the piece called the labora-
tory, and the other in the dome. 'In moft of
the ready made reverberatory furnaces which
are fold by the potters at Paris, the openings
both above and below are too fmall : Thefe do.
not allow a fufficient volume of air to pafs
through ; hence, as the quantity of charcaa
confumed, or, what is much the fame thing,
the quantity of caloric difengaged, is nearly in.
proportion to the quantity of air which paﬁ‘esa
through the furnace, thefe furnaces do not
produce a fufficient effe& in a great number of
experiments. = To remedy this defedt, there;
ought to be two openings GG to the afh-hole ;
one of thele is fhut up when only a moderate
fire is required 3 and both are kept open when
the ftrongeft power of the furnace is to be e::."
erted. The opening of the dome SS ought
likewife to be confiderably larger than is ufually .I

made.

L
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It is of great importance. not to. employ: re-
:idrts of too large fize in proportion to the fura
‘nace, as a fufficient fpace ought always to be als
lowed for the paffage of the air between the
fides of the furnace and the veffel:  The retort
A in the figure is too {mall for the fize of the
furnace, yet I find it more ealy to point out the
error than to correét it. The intention of the
dome is to oblige the flame and heat to furround
and ftrike back or reverberate upon every part
of the retort, whence the furnace gets the name.
- of reverberatory. Without this circumitance
- the retort would only be heated in its bottom,
- the vapours raifed from the contained fubftance
- would condenfe in the upper part, and a conti-
nual cohabitation would take place without any
thing pafling over into the receiver ; but, by
means of the dome, the retort is equally heated
in every part, and the vapours being forced out,
can only condenfe in the neck of the retort; or
in the recipient.

Lo prevent the bottom of the retort from be~
ing either heated or coolled too {uddenly, iciis
- fometimes placed in a [mall fand-bath of baked
clay, {tanding wpon the crofs bars of the fur-
pace. Likewife, in many operations, the retorts
are coated over with lutes, fome of which are
intended to preferve them from the téo fadden
influence of heat or of cold, while others are for
fuftaining the glafs, or forming a kind of fecond

: i, N TELort,
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retort, Whtch fupports the glafs one during o.pr.
rations wherein the ﬂ:mngth of the fire migh _*'
foften it. The former is made of brick-clay
with a little cow’s hair beat up alongft with it,
into a pafte or mortar, and fpread over the glafs
or ftone retorts. The latter is made of pure
clay and pounded [tone-ware mixed together,
and ufed in the fame manner. This dries and
hardens by the fire, fo as to form a true fupple-
mentary retort capable of retaining the mate.
rials, if the glafs retort below fhould crack or
foften. But, in experiments which are intend«
ed for colle@ting gafles, this lute, being porous,
is of no manner of ufe. d
~In a great many experiments wherein very
violent fire is not required, the reverberatory -
furnace may be ufed as a melting one, by leay.
ing out the piece called the laboratory, and
placing the dome immediately upon the fire-
place, as reprefented Pl XIIL Fig. 3. The fur-
~ nace reprefented in Fig. 4. is very convenient .
for fufions ; it is compofed of the fire-place and
afh-hole .ABD, without a ‘door, and having a
hole I, which receives the muzzle of a pair of
bellows {trongly luted on, and the dome ABGH,
which ought to be rather lower than is repre-
{fented in the figure,  This furnace is not ca-
pable of producing a wery ftrong heat, but is
fufficient for ordinary operations, and may be
readily moved to any. pat of the laboratory

H where
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wvhere it is wanted: Though thefe particular
furnaces are very convenient, every laboratory
muft be provided with a forge furnace, having
a good pair of bellows, or, what is more necef-
fary, a powerful melting furnace. [ fhall de-
feribe the one I ufe, with the principles upon

which it is conftrutted. i
The air circulates in a furnace in confequence
of being heated in its paflage through the burn-
ing coals ; it dilates, and, becoming lighter than
the furrounding air, is forced to rife upwards
by the preflure of the lateral columns of - dir,
and is replaced by frefh air from all fides, efpe-
cially from below. ‘This circulation of air even
takes place when coals are burnt in a common
chafing difh; but we can readily conceive,
that, in a furnace open on all fides, the mals of
air which pafles, all other circumitances being
equal, cannot be fo great as when it 1s obliged -
to pafs through a furnace in the thape of a hol-
jow tower, like moft of the chemical furnaces,
and confequently, that the combuftion muft be
more rapid in a furnace of this latter con-
firu&ion. Suppofe, for inftance, the furnace
ABCDEF open above, and filled with' burning
coals, the force with which the air pafles through
the coals will be in proportion to the difference
between the fpecific gravity of two columns
equal to AC, the one of cold air without, and
the other of heated air- within the furnace,
There
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There muft be fome heated air above the ope
~ing ADB, and the fuperior levity of  this
likewife to be taken into confideration ; but, a5
~ this portion is continually coolled and carried  §
off by the external ajr, it cannot produce any.

great effeSumisiiing gib g bigeer N
But, if we add to this furnace a large hollow
tube GHAB of the fame diameter, which pre-
ferves the air which has been heated by the
burning coals from being coolled and difperfed
by the furrounding air, the difference of fpecific
gravity which caufes the circulation will then be
between two eolumns equal to GC. + Hence, if
GC be three times the length -of 'AC, the cir-
culation will 'have- treble force, ¥ his is upon:
the fuppofition - that the air ine GHCD is as
much heated as what is contained in- ABCD,
which is not ftri€tly the cale;  becaule the heat
muft-decreafe between AB.and 'GHj but, as:
the air in GHAB is much warmer than the ex+
ternal air, -it follows, that the addition of the
tube mult increale the rapidity of the {tream of
air, that | a.larger quantity muft pafs through
the coals, and.confequently that a greater des
gree of combuftion muft take place. N
‘We muft not, however, . conclude from thefe
principles, that the length of this tube ought to
be indefinirelr prolonged'; for, fince the heat of
theaair gradually diminifhes in‘pafling from AB
to:GH, even from the contactof thefides of the .
c1bdi.nd ' ; tube,
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tube, if the tube were prolonged to a certain
degree, we would at laft come to a point where
the fpecific gravity of the included air would be
equal to the air without; and, in this cafe,” as
¢the cool air would no' longer tend to'rife up=
wards, it would become a gravitating mafs, rex
filting the afcenfion of the air below. Befides,
as this air, which has ferved for ‘combuftion; is
neceffarily mixed with carbonic acid gas, which’
is confiderably heavier than common air, if the -
tube were made long enough, the air might at
Jaft approach fo mear to the temperature of the
external air as even to gravitate downwards ;
hence we muft conclude, that the length of the
tube added to a furnace muft have fome limit
beyond which it weakens, inftead of ftrengthens
ing the force of the fire. i 4 o
From thefe refletions it follows, that the firft
~ foot of tube added to a furnace produces more
effec than the fixth, and the fixth more than
the tenth’; but we have no data to afcertain at
what height we ought to ftop. ‘This limit of
ufeful addition is fo much the farther in propor-
tion as the materials of the tube are weaker con.
duétors of heat, becaufe the air will thereby be
{fo much lefs «coolled ; hence baked 'earthis
much to be: preferred to plate iron. It/would:
' be even of confequence to-make the tube doubley:
~and to fill the interval with rammed charcoaly*
‘which is one of the worlt conductors of heat
known ;
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known ; by this the refrigeration of the air will
be retarded, and the rapidity of the ftream of
air confequently increafed ; and, by this means,
the tube may be made fﬁ'much the longer. |
As the fire-place is the hotteft part of a fur.
nace, and the part where the air is moft dilated
in its paflage, this part ought to be made with 2
confiderable widening or belly. . This is the
~more neceffary, as it is intended to contain the
charcoal and crucible, as well as for the paffage
of the air which fupports, or rather produces
the combultion ; hence we only allow the inter-
ftices between the coals for the paflage of the
air. :
* From thele principles mg melting farnace is
conftruéted, which I believe is at leaft equal in
power to any hitherto made, though I by no
means pretend that it pofleffes the greateﬂ poi-
fible intenfity that can be produced in chemical
furnaces. The augmentation of the volume of
air produced during its paffage through a melt-
ing furnace not being hitherto afcertained from
experiment, we are {lill unacquainted with the
proportions which fhould exilt between the in-
ferior and fuperior apertures, and the abfolute
fize of which thefe openings fhould be made is
till lefs underftood ; hence data are wanting
by which to proceed upon principle, and we
can only accomplifh the end in view by repeat-

f.:d tnals -
: This
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“This furnace, which, according to the above
ftated rules, is in form of an eliptical {pheroid,
is reprefented PL XHL Fig. 6. ABCD; it is cut
off at the two ends by two plains, which pafs,
perpendicular to the axis, through the foci of
the elipfe. From this fhape it is capable of cons
taining a confiderable quantity of charcoal,
while it leaves fuflicient {pace in the intervals
for the paflage of the air, That no obftacle
may oppole the free accefs of external air, it is
perfetly open below, after the model of Mr
Macquer’s melting furnace, and ftands upon am
iron tripod. The grate is made of flat bars fet
on ed ge, and with cenfiderable interftices. To
the upper part is added a chimney, or tube, of
baked earth, ABFG, about eighteen feet long,
and almolt half the diameter of the furnace.
Though this furnace produces a greater heat
than any hitherto employed by chemifts, it is
flill fufceptible of being confiderably increafed
in power by the means already mentioned, the
principal of which is to rendér the tube as bad
a condutor of heat as poffible, by making it
double, and filling the interval with rammed
charcoal.

When it is required to know if lead containg
any mixture of gold or filver, it is hedted in a
flrong fire in capfules of calcined bones, which
are called cuppels. The lead is oxydated, be-
comes vitrified, and finks into the fubftance of

the




- metal {hould be at the fame time expofed to the

~conta& with air rendered incombultible by its

~ AABB, a fire-place BBCC, a laboratory CCDD,
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the cuppel, while the gold or filver, being in2
capable of oxydation, remain pure. As lead
will not oxydate without free accefs of air, this®)
operation cannot be performed in a crucible |
placed in the middle of the burning coals of 2
furnace, becaufe the internal air, being moftly
already reduced by the combuftion into azotic
and carbonic acid gas, is no longer fit for the
px}rdatmn of metals. It was therefore neceffary
to contrive a particular apparatus, in which the

influence of violent heat, and defended from

paffage through burning coals. The furnace
intended for anfwering this double purpofe is
called the cuppelling or effay furnace. It is
ufually made of a fquare form, as reprefented
Pl XIlI. Fig. 8. and 10. having an afh-hole

and a dome DDEE. The muffle or finall oven
of baked earth GH, Fig. 9. being placed in the
laboratory of the furnace upon crofs bars of iron,
is adjufted to tle opening GG, and luted with
clay foftened in water. The cuppels are placed
in this oven or muffle, and charcoal is conveye
ed into the furnace through the openings of the
dome and fire.-place. The external air enters
through the openings of the afh-hole for fup-
porting the combuftion, and efcapes by the fu-

perior opening or chimney at EE ; and airis
’ldmll‘":.{l
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admitted thlzuugh the door of the muffle GG
for oxydating the contained metal.

Very little reflection is fufficient to dilcover
the erroneous principles upon which this fur-
nace is conftruéted. When the opening GG is
fhut, the oxydation is produced flowly, and with

_difficulty, for want of air to carry it on ; and,
‘when this hole is open, the ftream of cold air
which is then admitted fixes the metal, and ob-
{truéts the procefs. Thefe inconveniencies may
be eafily remedied, by conftruting the muflle
and furnace in fuch a manner that a ftream of
freth external air fhould always play upon the
furface of the metal, and this air fhould be
made to pafs through a pipe of clay kept con-
tinually red hot by the fire of the furnace. By
this means the infide of the muille will never be
coolled, and procefles wiil be finifhed in a few
minutes, which at prefent require a confiderable
fpace of time.

‘Mr Sage remedies thefe inconveniencies in a
different manner ; he places the cuppel contains
ing lead, alloyed with gold or filver; amongft
the charcoal of an ordinary furnace, and cover=
ed by a fmall porcelain mufile; when the whole
is fufficiently heated, he diretts the blait of a
common pair of hand-bellows upon the furface
of the metal, and completes the cuppellation in
this way with great eale and exa&nels.

20 B s
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STV, IIL.

Of increafing the Aétion of Fire, by ufing Oxygen
Gas inflead of Atmofpheric Air.

By means of large burning glaffes, fuch as
thofe of Tchirnaufen and Mr de Trudaine, a
degree of heat is obtained fomewhat greater

" than has hitherto been produced in chemical
furnaces, or even in the ovens of furnaces ufed
for baking hard porcelain. But thefle inftru-
ments are extremely expenfive, and do not even
produce heat fufficient to melt crude platina;
fo that their advantages are by no means fuffi-
cient to compenfate for the dificulty of pro-
curing, and even of ufing them. Concave mir-
rors produce fomewhat more effett than burn-
ing glafes of the fame diameter, as is proved by ©

* the experiments of Mefirs Macquer and Beaumé |
with the fpeculum of the Abbé Bouriot ; but,
as the diretion of the refleCted rays is neceffa-
rily from below upwards, the fubftance to be
operated upon muft be placed in the air wich |
out any fupport, which renders moft chemical
experiments impoflible to be performed with
this inftrument.
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~ Tor thefe reafons, I firlt endeavoured to em-
ploy oxygen gas for combuftion, by filling large
bladders with it, and making it pals through a
tube capable of being fhut by a ftop cock ; and
in this way I fucceeded in caufing it to fupport
the combuftion of lighted charcoal. The in-
tenfity of the heat produced, even in my firlt
attempt, was fo great as readily to melt a fmall
quantity of crude platina. To the fuccefs of
this attempt is owing the idea of the gazome-
ter, defcribed p. 308. et feg. which I fubftituted
inftead of the bladders ; and, as we can give
the oxygen gas any neceflary degree of preflure, -
we can with this inftrument keep up a conti-
nued {tream, and give it even a very confider-
able force.
The only apparatus neceffary for experiments
. of this kind confilts of a fmall table ABCD,
Pl. XII. ¥ig. 15, with a hole F, through which
pafles a tube of copper or filver, ending in a
very fmall opening at G, and capable of being
opened or fhut by the ftop-cock H. This tube
. is continued below the table at /m#no, and 15~
conneted with the interior cavity of the gazome-
ter. When we mean to operate, a hole of a few
lines deep muft be made with a chizel in a piece
of charcoal, into which the fubflance to be treat-
ed is laid ; the charcoal is fet on fire by means
of a candle and blow-pipe, after which it is ex-
poled
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pni’ed to a rapid ftream of oxygen gas frnm the
extremity G of the tube FG. b

g This manner of c-peratma can only be ufed |
with fuch bodies as can be placed, without in-
convenience, in conta& with charcoal, fuch as
;'ﬁemls, fimple earths, &c. But, for bodies
whofe 'elements have affinity to charcoal, and
which are confequently decompofed by that
fuhftance, fuch as fulphats, phofphats, and
moft of the neutral falts, metallic glaffes, ena-
mels, Ecc we muft ufe a lamp, and make the
fiream of oxygen gas pafs tht‘augh its flame.
For this purpnfe, we ufe the elbowed blow-pipe
ST inftead of the bent one FG, empln]red with
r,harcnal The heat pmduced in this fecond
*manner is by no means fo intenfe as in the for-
mer way, and is very difficultly made to melt
platina. In this manner of operating with the
lamp, the fubftances are placed in cuppels of
calcined bones, or little cups of porcelain, or
even in metallic difhes. 1f thefe laft are fufli- 3
ciently large, they do not melt, becaufe, metals |
being good condu Qors of heat, the caloric
fpreads rapidly through the whole n‘tufs, lo that
none of its parts are very much heated. |
In the Memoirs of the Academy for 1782,
p. 476. and for 17813, p. 573 the feries of ex- |
periments 1 have made with this apparatus may :-
be feen at large. The following are fome of =

the principal reiults,

1. Rock
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r. Rock criftal, or pure filicious earth, is in-
fufible, but becomes capable of being foftened
or fufed when mixed with other fubftances. '
5. Lime, magnefia, and barytes, are infu-
fible, either when alone, or when combined
together ; but, efpecially lime, they affift the
fufion of every other body.

3. Argill, or pure bafe of alum, is completely
fufible per f¢ into a very hard opake vitreous
fubftance, which fcratches glafs like the preci-

ous {tones.

4. All the compound earths and {tones are
readily fufed into a brownith glafs. :

5. All the faline fubftances, even fixed alkali,
are volatilized in a few feconds. :

6. Gold, filver, and probably platina, are
flowly volatilized without any particular pheno-
menon.

7. All other metallic {ubftances, except mer-
cury, become oxydated, though placed upon
charcoal, and burn with different coloured
flames, and at laft diffipate altogether.

8, The metallic oxyds likewife all burn
with flames. This feems to form a diftin&ive
charatter for thefe fubftances, and even leads
me to believe, as was {ulpected by Bergman,
that barytes is a metallic oxyd, though we
have not hitherto been able to obtain the metal
in its pure or reguline ftate,

g 9. Some

e L :

e v o

e —

e o R ———
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- 9. Some of the precious {tones, as rubies,
are capable of being foftened and foldered to.
gether, without injuring their colour, or cxarll
diminifhing their weights. = The hyacinth, tho r |
almoft equally fixed with the ruby, lofes its co- ' §
lour very readily. The Saxon and Brafilian to. |
paz, and the Brafilian ruby, lofe their colour
very -quickly, and lofe about a fifth of their
weight, leaving a white earth, refembling white
quartz, or unglazed china. The emerald, chry-
folite, and garnet, are almoit inftantly melted
into an opake and coloured glafs.

10. The diamond prefents a property pecu-
lar to itfelf ; it burns in the {fame manner with
combuftible bodies, and is entirely diffipated.

'There is yet another manner of employing
oxygen gas for confiderably increafing the force

o of fire, by ufing it to blow a furnace. Mr A-
chard firft conceived this idea ; but the procefs
he employed, by which he thought to dephlo-
gifticate, as it is called, atmofpheric air, or to
deprive it of azotic gas, is abfolutely unfatif.
fattory. 1 propofe to confirud a very fimple
furnace, for this purpofe, of very refradtory
earth, fimilar to the one reprefented Pl. XIII.
Fig. 4. but fmaller in all its dimenfions, It
is to have two openings, as at I, through one |
of which the nozle of a pair of bellows is to
pafs, by which the heat is to be raifed as high =
as poflible with common air ; after which, the s

ftream
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fiream of common air from the bellows being
fuddenly ftopt, oxygen gas is to be admit-
ted by a tube, at the other opening, commu-
' nicating with a gazometer having the pref-
fure of four or five inches of water. 1 can in
this manner unite the oxygen gas from feveral
gazometers, fo as to make eight or nine cubi-
cal feet of gas pafs through the furnace; and
in this way | expe& to produce a heat greatly
more intenfe than any hitherto known. 'The
upper orifice of the furnace mult be carefully
made of confiderable dimenfions, that the ca-
loric produced may have free iffue, left the too
fudden expanfion of that highly elaftic fluid
{hould produce a dangerous explofion.
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No. II,

TasLe for Converting the Tﬂ%fﬁfﬁfd Heighths of
Water in- the Jars of the Pneumato-Chemical
Apparatus, expreffed in Inches and Decimals, ine
10 Correfponding Heighths of Mercury. |

..-!3;,

Water. Hcrcurf. " Water, Mercury.
oI 00737 PEBL A 29480
2 «01474 e B .36851
3. .o2201 i o W . 44221
o i +02948 24N 5 51501
5 03685 8. .5896r
6 Q4422 2 - 66332
- 05159 1Q. 73702
.8 05896 W S1072
.9 6633 *  “\98fga, 88442
I. 07370 5 1 .96812
-k 14740 U \PI4e . Ti04182

o 22010 : ©15. 1.11525
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No. IV. ADDITIONAL,

TABLE for Reducing _fbf _ﬂgree; of Reaumeur’s |
T hermometer into its corr

¢/ponding Degrees of

-~ Fabrenbeit’s Scale.

Raow Eeodo B ool e R Ry . F-i
032 2= J0.25. _'41;124.25 i‘r_l_:_-ttfg.z
1=34.2§ 22= Bi1.5 j2=126.5 ~ 62=17L5
2=36.5  23= 83.75 43=128.75 63=173-7%
3=38.75 = 24= 86  44=131 64=176.
4=41 2= 8825 . gr=uaagz.i2s  Gr=175.28
5=43.25 26= go.§ . 46=135.5 66=180.5
6=45.5 = 27= 9275  47=137.75 67=182.7§
7=47.75 28= 93 48=140 68=185
=50 20= 07.2§ _ 4o=142.25 G69p=187.2§
9=§2.2§ 30= 99.5 §0=144.5 ~o=180.5
10=74.5 31=to1.7y CiLET=146.75 L=191.78
11=56.75: i 32=104 §2m=149 72=194.
12=459 33=100.25 Odggs=rgr.2g  73=190.28
13=061.25 = 34=108.5 = g§4=153.5  74=198.5
14=03.5 35=110.75 §5§=155.7§ 7§=200.75
15=087% , 30=113 §6=158 HG=—a0% 8
16=68 = _ . 37=115.25  §7=I6o.25 77=205-258
17=70:25"% 38=117:5 | 821G - 78=20f5
18=72.5  39=1[19.75 = §9=164.75 79=209:]
FQ=T4.5 ' qo=[22 ' “P8o=107% 8o=1212
20=77 . )

Note—Any degree, either lﬁ'%her or lower, than
what is contained in the above T'able, may be at any

“ time converted, by remembering that one degree
Reaumeur’s fcale is equal to 2.25° of Fahrenheit ; or
it'may be done without the Table by the following for-

Rxyg

mula, +-32=F; that is, multiply the degree of

~ Reaumeur by g, divide the produé by 4, to the quo-
tient add 32, and the fum is the degree of Fahrenheit.
~—E,
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No. V. ADDITIONAL.

RuLes for . converting French Weights .and
Meafures into carrg[pandmr .Engf:jb Benam:m.
ﬁﬂm .

'-5 % Wfllx'bflt
The Paris pound, Ipnids de mark of Charle,
magne, contains 9216 Paris grains ; it is divided

into 16 ounces, each ounce into 8 gres, and
each gros into 72 grains. It is Equal to 7561
Englifh Troy grains.

The Englith Troy pound nf 12 ounces cons

tains 5760 Engh{h Troy grains, and is equal
‘to 7021 Paris grains.

‘The Englifh averd upmls pound of 16 ounces
contains 7000 Englith Troy grains, and is equal
to 8538 Paris grains.

To reduce Paris grs. to Enghih Tru}?]
grs. divide by . q
To reduce I ngh{h Troy gr.r to Pa- :"I 2189
ris grs. multiply by ., )

To reduce Paris ounces to Engh{h]
Troy, divide by :

| To reduce Englith Troy ounces to :’1'015?3’4’
Paris, multiply by . . I

Or

* For the materials of this Article the Tranflatos
15 indebted to Profeflor Robert{on.
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Or the converfion may be made by mean: :’-’l
of the following Tables.

L. To reduce French to Englifb Troy Weight.

"The Paris pound = 7561 :

The ounce = 472.5625 { Englifh.

The gros 59.0703 ( Troy.

The grain 8194 ) Grains.
£

RS

1I. 7o Reduce Englifb Troy to Paris Wﬂgﬁr |

The Englifh Troy pound A
of u.gounces 18 } e o Y
The Troy ounce = 585.0830 | Paris
The dram of 6o grs. =0k '
The penny weight, ur}
denier, of 24 grs.

The fcruple, of 20 grs.. ‘

ﬂ'4'_:“5.?34-..'

II. To Reduce Englifb Averdupois to Paris
Weight.

Paris
grains,

16 ounces, or 7000 ¢
‘Troy grains.
The ounce .= = 533.6250

‘The averdupois pound of |
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§ 2. Long and Cubical Mf‘ﬂ"*ﬁ*’; "

Englith, multiply by -
Englifh feet or inches into Paris,
tvide by o V- 4 - ooVa |
To reduce Paris cubic feet or inch- ,
} 1.211278

To reduce Paris feet or inches into B
} 1.065977

es to Englifh, multiply by -
Englifh cubic feet or inches to Pa-

ris, divide by S U= =

Or by means of the following tables :

IV. To Reduce Paris Long Meafure to Englifh,

The Paris royal foot of Yrsrl

12 inches = - } =12:7977 | Englifth
The inch - - = 1.0659 ¢
The line, or -~ of an inch = .0888 | inches.
The -~ ofaline - = .0074 ]

V. To Reduce Englifb Long Meafure to French.

The Englifh foot ==11/25064)

"The inc - == 9383

The % of an inch = .1173 pParis inches.
Thﬂ ﬁ o — '0933 32160 s )
The line, or % == ,0782

VI,

L —
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V1. 70 Reduce French Cube Meafure to Englifh

The Paris Engliﬂ:

- cube foet=1.211278( cubical Y2e0092.088284¢ .

The cubic : feet, re o i
inch = .000700 )or ' . 1.2112%8

VIL. To Reduce Englifb Cube Meafure to Fren

The Englith cube foot, 8 ]

or 1728 cubical inchesg ExLEed 04 Frenc
The cubical inch = .8260 ¢ cubical
'The cube tenth - .0008 ) inches

§ 3. Meafure of Capacity.

The Paris pint contains 58.145 * Englith cu_-'
bical inches, and the Englifh wine pint contains

28.8 5 cubical inches; or, the Paris pint contains
2.01500

* Tt is {aid, Belider Archit. Hydrog. to contain 3r oz.
64 grs. of water, which makes it §8.075 Englifh inch-
es s but, as there is confiderable uncertainty in the de-
terminations of the weight of the French cubical mea-
fure of water, owing to the uncertainty of the ftandards
made ufe of, it is better to abide by Mr Everard’s
meafure, which was with the Exchequer {tandards, and
by the proportions of the Englifh and French foot, as
eftablifhed by the French Academy and Royal Society.
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No. VI.

TABLE of the Weights of the different Gaffes, at
28 French inches, or 20.84 Englifh inches ba-
rometrical preffure, and at 10° (54.5°) of tem-
perature, exprefled in Englifb meafure and En-
glifb Troy weight.

Names of the Gafles. ~ Weightofa Weight of a
' cubical inch. cubical foot.

a qre. oz. dr. grs.
Atmofpheric air 32112 i g -
Azotic gas | .30064 I o 80.5
Oxygen gas 34211 R )
Hydrogen gas 02394. O O 41.26
Carbonic acid gas 44108 1. 441
Nitrous gas »37000 I 2 30
Ammoniacal gas 18515 B e (s

Sulphurous acid gas 71580 3 438

No.

* Thefe five were afcertained by Mr Lavoifier him-
felf.—L.,

** The laft three are inferted by Mr Lavoilier upon
the authority of Mr Kirwan.—E.
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" No. VIL
TaBLES of the Specific Grawvities of differont bodies.

§ 1. Metallic Subftances.

G 0O L D,

- Pure gold of 24 carats melted but not
8% hamimered - : 3 19.2581
The fame hammered = = . - . 19.3617

Gold of the Parifian ftandard, 22 carats
fine, not hammered * . 17.4863
The fame hammered . : 17.5894

Gold of the ftandard of French coin,
2121 carats fine, not hammered 17.4022
The fame coined ; ' 17.6474

Gold of the French trinket ftandard,
20 carats fine, not hammered . 15.7090

The fame hammered . . 15.7740
S TEN B R.

Pure or virgin filver, 24 deniers, not
hammered - 10.4743
The [ame hammered . . 10.5107

Silver of the Paris ftandard, 11 deniers
10 grains fine, not hammered { 10,1752
The fame hammered . . 10.3763%
Silver,

* The fame with Sterling.
t This is 10 gry. finer than Sterling,
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Silver, ftandard of French coin, 10 de- |
niers 21 grains fine, not hammered 10.04%76
The fame €ojned b dl, o o5 10,4077

PLATINA.

Crude platinain grains . . 156017
The fame, after being treated with mu-

Letmaticacid % AR 16.7521
Purified platina, not hammered . 1g.5000
The fame hammered . .  20.3366
The fame drawn into wire . 21.0417
‘The fame paffed through rollers . 22.0690

COPPER axp BRASS.

Copper, not hammered . . 7.7880 ¢
The fame wire drawn : ? 8.8785
Brafs, not hammered . : 8.3958
The fame wire drawn ‘ : 8.5441

IRON axp STEEL

Caft iron : . s 7+2070
Bar iron, either fcrewed or not . 7.788008
Steel neither tempered nor ferewed 7.8331 88

Steel fcrewed but not tempered . 7.8404_
Steel tempered and fcrewed . 7.8180

Steel tempered and not fcrewed . 7.8163

TINS
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Pure tin from Cornwall melted and not

fcrewed 4 2
The fame fcrewed 5 - :
Malacca tin, not fcrewed e :
The fame {crewed - .
Molten lead . - .
Molten zinc " : .
Molten bifmuth : -
Molten cobalt ; . o
Molten arfenic . . .
Molten nickel . . 3
Molten antimony - :
Crude antimony o . .
Glafs of antimony . .
Molybdena . . :
Tungftein . 4 '
Mercury . :

§ 2. Precious Stones.

‘White Oriental diamond ! p

Rofe-coloured Oriental ditto :
Oriental ruby . : .
Spinell ditto : ; .
Ballas ditto JEININg
Brafillian ditto ‘ 35
Oriental topas . .

7.2914
72994
72963
7:3005

11.3523

7.1908
9.8227
7.8119
5:7633
7.8070
6.7021
4.0643
4.9464
4.7385
6.06635

13.5681

3.5212
3:5310
4.2833
3.7600
3:6458
3-5311

4.0100

Ditto

e T S R e e R e e

—

T i
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Ditto Piftachio ditto - . y
Brafillian ditto 5 : ;
Saxon topas . . .
Ditto white ditto . . '
Oriental faphir o .
Ditto white ditto . .
Saphir of Puy b ;
Ditto of Brafil - . .
Girafol st S L
Ceylon jargafl e o RIS
Hyacinth . o8 . .
Vermillion : : .
Bohemian garnet . .
Dodecahedral ditto DTN
Syrian ditto . '
Volcanic ditto, with 24 ﬁdes :
Peruvian emerald . .
Crylolite of the jewellers i

- Ditto of Brafil . .
Beryl, or Oriental aqua marine .
Occidental aqua marine

LY

§ 3. Silicious Stones.

P-'uré rock criftal of Madagafcar . 2.6 530 4

D:tm of Brafil . . . 3.6516
Ditto of FEurope, or, gelatmaus . 2.6548 "
Criftallized quartz % : 2.6546
Amorphous ditto - ‘o 2.6471

Oriental
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Oriental agate . A ARE R0
Agate onyx =~ . . i 2.6375
Tranfparent calcedony . . 2.6640
Carnelian ' . ! 2.6137
SSardofyx - . v : 2.6025
Prafe - MO . . 2.5808
Onyx pebble - . Dittinroe o 2.6644
Pebble of Rennes : L 2.6538
‘White jade . - . 2.9502
Green jade i ; - - 2.9660
Red jafper . ST Y 2.6612
Brown ditto . ; 2.6911
Yellow ditto . . ‘ 2.7101
Violet ditto . . (o 2T
Gray ditto - . : . 2.7640
Jafponyx ‘ 2.8160
Black prifmatic he:-:ahedral fr:hnrl . giaBign
Black fpary ditto . . 1 ligieBiEd

Black amorphous fchorl, called antique

bafaltes : ‘ : 2.02235
Paving ftone ; . ! 2.4158
Grind ftone . . . ; 2.1429
Cutler’s ftone - . . 2:5117%
Fountainbleau {tone : : 2.5616
Scyth ftone of Auvergne : 2.5638
Ditto of Lorrain : § 2.52908
Mill ftone . . . 2.48 35

White flint . . ‘ 2.5041 '
Blackifh ditto : PRI 2.5817

S 4

e
e —
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§ 4. Various Stones, ¢,
Opake green Italian ferpentine, or ga- ‘] ]
bro of the Florentines . .  2.4295
Coarfe Briancon chalk o o . 270008 F
Spanifh chalk : . . ' 24790288

Foliated lapis ollaris of Dauphiny .
Ditto ditto from Sweden : :

Mufcuvjr talc . . ‘ 2.7917 |
Black mica 5 Z : 2.9004 |
Common fchiftus or flate : 2.67188
New {late A 2.8575
‘White rafor hone AR - 2.8767° |
Black and white hone . " 4- 1371
Rhombic or lceland criftal . 2.71 5;.
Pyramidal calcareous fpar . . 27141
Oriental or white antique alabafter 2.7302
Green Campan marble : . 2.7417
Red Campan marble ey 2.7242
‘White Carara marble ah . 2.7168
White Parian marble . : 2.8376
Various kinds of calcareous ﬂ:nnesg fromr.3864
~ uled in France for building. $to 2.3902
Heavy {par Y g 4.4300
‘White fluor . ’ 3.1555 ¢
Red ditto . . . 2.491rE g
Green ditto . . 3.1817
Blue ditto ‘ . 3.1688
. . . 31757

Violet ditto

APPENDIX:

2.7687 |
2.8531

Red
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Red feintilant zeolite from Edelfors
 White {cintilant zeolite o -
Criftallized zeolite

Black pitch ftone o SRR
Yellow pitch ftone ERIS S h
Red ditto : . ;
Blackifh ditto : : y
Red porphyry - - . .
Ditto of Dauphiny ‘ 3
Green ferpentine

Black ditto of Dauphiny, called varmhte

Green ditto from Dauphiny
Ophites

Granitello

Red Egyptian granite
Beautiful red granite .
Granite of Girardmas

Pumice ftone- : - :
Lapis obfidianus . “
Pierre de Volvic . .
Touch ftone . : .

Bafaltes from Giants Caufeway .
Ditto prifmatic from Auvergne .
Glafs gall
Bottle glafs
Green glafs . .
White glafs - . .
St Gobin criftal
¥lint glafs :
Borax glafs .
3 R

497

2.4868
2.0739
2.08133
2.0499
2.0860
2.6695
2.3191
2.7051
2.7033
2.8960
2.9339
2.9883
2.9722
3.0626
2.6541
2.7609

2,71603

Q145
2.3480
2.3205
2.4153
2.8642
2:41 53
2.8548
2.7325
2.6423
2.8922
2,488 2
33298
2.6070

Seves'

e i i ——
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Seves porcelain : gns I8
Limoges ditto

- China ditto ‘
Native fulphur ‘
Melted fulphur .
Hard peat : :
Ambergreafe . .
Yellow tranfparent amber. .

§ 5. Liquids.

Diftilled water ’ -
Rain water . . -
Filtered water of the Seine
Arcueil water ’ .
Avray water . ‘
Sea water . g o
‘Water of the Dead Sea ; ‘
Burgundy ,wine . . :
Bourdeaux ditto . AR
Malmfey Madeira . . .
Red beer . ’ 3
‘White ditto : ;
Cyder i .
Highly reftified alkohol . .
Common fpirits of wine . .

8293 ’ii

2.1457
2.3410
2.3847
1.9907
1.3290 :

9263

1.0780"

1.0000 &
1.0000
1.00015 %
1.00046
1.00043
1.0263
1.2403 |
9915
+9939
1.0382
1.0338
1.0231
1.0181 1

A

8371

(%

Alkohol




8
1 r: T




Effential or volatile oil of turpentine 8697
Liquid turpentine . : : 9910
Volatile oil of lavender . . . .8938
Volatile oil of cloves : - . 1.0363
Volatile oil of cinnamon x 1.0439
Oil of olives . . . W 9153 1
Oil of fweet almonds . < TEIs gIhe
Lintfeed oil . . . 5 9403
Oil of poppy feed . . .9288
- Qil of beech maft : - : 9176
Whale oil : . . . +  +9233

50 APPENDIX

Womans milk G : 1.0203 |
Mares milk 1.0346
Afs milk 1.035%

Goats milk 1.0341 14
Ewe milk f : 1.0409
Cows milk . . : 1.0324
~ Cow whey - . ’ : 3 I.GI%
Human urine . . . . - 1.01CDNN
§ 6. Refins and Gums
Common yellow or white rofin . I.D?::-f'
Arcanfon . R TR
Galipot * : : . . . 1.0819
Baras * 2 h ‘ ; 4 1.0441

Sandarac

L]
* Refinous juices extrated in France from the Pine.
Vide Bomare's Didl
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‘Sandarac : ' : 1.0920
Matftic ' . . . 1.074%2
Storax . . : 1.1098
Opakecopal . . ¢ - 1.1398
Tranfparent ditto : o 1.0452

Madagalcar ditto ; = 1.0600
Chinele ditto - ‘ 1.0628
Elemi : A 5 i.0182
Oriental anime : RIS L ol
Occidental ditto . . 1.0426
‘Labdanum s . . 1.1862
Ditto in tertis . . . 2.4933
Refin of guaiac : . 1.2289
Ditto of jallap - - R
Dragons blood LSS « U1% T.gos
Gum lac TR T . 1.7390
Tacamahaca . . 5 . 1.0463
o N SRR B o
Alouchi * . 1 . 1.0604
~ Caragna t - . . 1.1244
Elaftic gum . . . . 9335
Camphor . : ‘ * . .988%
Gum ammoniac - - = . 1.207f
Sagapenum . . . . 1,2008
vy

* Odoriferous gum from the tree which produces
the Cortex Winteranus.. Bomarz.

+ Refin of the tree called in Mexico Caragna, or
Tree of Madnefs. J[bid. :

- s e —
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Ivy gum * e =TT 1.2948 |
Gamboge . . : 1.2216 ||
Euphorbium . : . 1.a24208
Olibanum : : : ;.1?3 |
- Mywh ., . ‘ . 1.3600 |
Bdellium o : . 1.3719
Aleppo Scamony ke - 1.2354
Smyrna ditto A . : 1.2743
Galbanum o . p 1.2120
Affafoetida : . . 1.-325 5
SasGocoltla: oo il . : 1.2684
Opoponax : : A 1.6226
Cherry tree gum Yo et 1.431
Gum Arabic . AT 1.4523 i :
ragacanth: . s . 1.3161

Bafora gum : : : 1.4346
Acajou gum . . o . X.44508
Monbain gum § : .+ « .l.42008
_Infpiffated juice of liquorice . AT 7223
Acacia . Eolis €8 5:2
Areca . 1.4573
Terra Japonica : . . . 1.3980

Hepatic aloes k2 - . 1.3 5355_-
Socotrine aloes 1.3795
nfpiﬁ'ated juice of St John s wort” . TI.52638
- Opium

o
¥
L]

* Ex:ra@ed in Perfia and the warm countries from
‘Hedera terreftris.— Beomare.

3 a:r From a Brafilian tree of this name.—Jbid.
=<} From a tree of this name.—Jbid. |
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Opium . ” : 1.3366
Indigo . . e 7690
Arnotto . . . . 18G50
Yellow wax . . . 9648
White ditto . oo e .9686

Cacao butter . . s 8916
Spermaceti . ‘ : <0433
Beeffat -~ . . . R &
Veal fat g : : ¢ 9342
Mutton fat . . v . 9235
Tallow : . . . 0419

Hoggs fat . . . 9368
Lard - . . . ¢« 9478

§ 7 | Waeods.

Heart of oak 6o yearsold . . 1.1700
Cork

: . . - +2400
Elm trunk . & 6710
Afh ditto : . 4 50
Beech : : i 8520
Alder : 2 : & g
Maple IR MRE e AT o8
Walnut A : : : . 6710
Willow : > 4 T
Linden : 2 ' 2o

Male

¥ The produce of the Tallow Tree of Guayana. #ide
Bomare’s Did.

Quarouchi ditto * . - ‘ 8970

Butter : . . - 9423




504 APPENDIX

Male fir 3 . .
Female ditto - . .
Poplar . . .
White Spanifh ditto : .
Apple tree . .
Pear tree . . . 6610 l
Quince tree . . . . 7050 {
Medlar - . . . 0440
Plumb tree .. . . . 7850
Olive wood . : . 9270
Cherry tree . . . 71508
Y Filbert tree . ’ . 6ooo
French box ’ : . ' .gizo}
Dutch ditto A A R 1.3280
Dutch yew N S . 7880
Spanith ditto . . . 8070
Spanith cyprefs : : 6440
American cedar . 2 .5608"
Pomgranate tree . . . 1.35408
Spanifh mulberry tree . p 8970
Lignum vitae . . . 1.33308
Orange tree . . . .m:ig::j—:i
No.

, ANote—The numbers in the above Table, if the De-
cimal point be carried three figures farther to the :
fight hand, nearly exprefs the abfolute weight of an i
Englilh cube foot of each fubltance in averdupeis
ounces. See No, VIIIL, of the Appendix,—E. -




APPENDIX 505

No. VIII. ADDITIONAL.

Rures for Calculating the Abfolute Gravity in
Englifb Troy Weight of a Cubic Ioot and Inch,
Englifb Meafure, of any Subftance whofe Speci-
Sfic Gravity is known *.

In 1696, Mr Everard, balance.maker to the
Exchequer, weighed before the Commiffioners -
of the Houle of Commons 21435.6 cubical inch-
es, by the Exchequer ftandard foot, of diftilled
water, at the temperature of 55° of Fahren-
heit, and found it to weigh 1131 0z. 14 dts.
Troy, of the Exchequer ftandard. The beam
turned with 6 grs. when loaded with 30 pounds
in each fcale. Hence, f{uppofing the pound
averdupois to weigh 7000 grs. Troy, a cubic
foot of water weighs 621 pounds averdupois,
or 1000 ounces averdupois, wanting 106 grains
Troy. And hence, if the fpecific gravity of
water be called 1000, the proportional fpecific
gravities of all other bodies will nearly exprefs
the number of averdupois ounces in a cubic
foot. Or more accurately, fuppofing the fpeci-
fic gravity of water exprefied by 1. and of all
other bodies in proportional numbers, as the

395 cubic

* The whole of this and the following article was

communicated to the Tranflator by Profeffor Robinfun;
-_'EI
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cubic foot of water weighs, at the above tem.
perature, exaltly 437489.4 grains Troy, and
the cubic inch of water 253.175 grains, the
abfolute weight of a cubical foot or inch of
any body in Troy grains may be found by mul-
tiplying their fpecific gravity by either of the
above numbers refpettively. '

By Everard’s experiment, and the propor-
tions of the Englith and French foot, as efta- *
blifhed by the Royal Society and French Aca-
demy of Sciences, the following numbers are
afcertained.

Paris grains in a Paris cube foot of

water - - - == 645511
Englith grains in a Paris cube foot
of water - - - = 520922
Paris grains in an Englifh cube foot
of water - - - = 533247
Fnglith grains in an Englifh cube
foot of water - = 437489.4
Englifh grains in an Englifh cube _
‘inch of water - . = 2§3.175

By an experiment of Picard with
the meafure and weight of the
Chatelet, the Paris cube foot of ,
water contains of Paris grains = 641326

By one of Du Hamel, made with
great care - . - = 641376

By Homberg - i a . == 641660

Thele
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No. IX.

TasLes jfor Converting Ounces, Drams, and
Grains, Troy, into Decimals of the Troy Pound -.-
of 12 Ounces, and for Converting Decimals of
the Pound Troy into Ounces, €c. 4

I. For Grains.

Grains = Pound. Grains = Pound.
1 0001736 100 0173611
2 0003472 200 0374222 J
3 0005208 300 .05208133
4 0006944 400 0694444
5 .0008681 500 . .0868055
6 .0010417 6oo 10416606
~ 0012153 700 1215277
8 .0013889 8oo .1388888
9 0015625 Qoo 1562490
10 0017361 1000 .1736110
20 0034722 2000 3472220
30 ,0052083 3000 .5208330
' 40 ,0000444 4000 .6944440
50 .0086806 5000 8680550
60 0104167 6ooo  1.0418660
70 0121528 7000  1.2152770
8o 0138889 8ooo 1.3888880

9o 0156250 gooo  1.5624990
: iL.
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WV.  Decimals of the Pound into Ounces, .

]1:

Tenth parts. Thoufandths.
b, = oz. dr. gr. hib, = are.
.1 Y 1 ‘46 0.006 34.56
0.2 212 0.007 40.32
0.3 L] 43 0.008 46.08
0.4 4 6 24 0.009 51.84
0.5 g o ¢ - Ten thoufandth parts.
.6 7 1- 48 0.0001 0.576
0.7 -8 7 12 0.0002 r.152 §
0.8 0 4 48 0.0003 .728
0.9 1o 6 24 0.0004 2.304 1
Hundredth parts. 0.0005 2.880
0.01 o o 576 0.0006 3.456 %
.02 o @ §5.2 0.0007 4.032
0.03 o 2 52.8 0.0008 4.608
004 O 3 504 0.0009 5184
.05 o 4 48.0 Hundred thoufandth
1 0.06 6- 5 456 parts.
o007 “~ro0* 6 4@ 0.0000L  0.052
0.03 o %7 468 0.00002 0.115
2.09 o 3 38.4 0.00003  ©0.173
Thoufandths. 0.00004  ©.230
00l 0 o 5426 c.oc005  0.288
@co2 © 0o IFL.§2 0.00006  ©.346
| Boo3’ *o ‘o IS 0.00007  ©.403
0.004 © O 23.04 0.00008  0.461
| o o 2880 0,00000 ©.518

& Uﬂs
No.
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No. X.

Tase of the Englifb Cubical Inches and Dec:-
mals correfponding to a determinate Troy Weight
of Diftilled Water at the Temperature of 55%
calculated from Everard’s experiment.

For Grains. : For Ounces.
Grs. Cubical inches. Oz. Cubical inches.
1 = .0039 1 = 1.8927
2 0078 2 3.7855

3 o o 1 3 5.6782
g QLgy 4 w5719
5 Q197 5 9.4631
6 .0236 6 11.3565
% 7 13.2493
8 0315 3 15.1420
9 0354 9 17.0748
10 .0394 10 18.9276
20 .0788 11 20.8204
30 1182
40 1577 For” Pounds.
A Tk Libs.  Cubical inches.
For Drams. 1 5= 227131
~ Drams. Cubical inches. i 45:4263
3 68.1304
1= .2305 4 90.8525
L A 5 113.5657
3 +7994 6 136.2788
i =0y 7 158.9919 . ®
5 1,1829 8 181.7051
6  1.4195 9 204.4183
7 1.6561 10 227.1314
50 =2 T 3505 7%
100 2271.3148

1000  22713.1488

& W E  E N D




















































































