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ADVERTISEMENT

er TEL
. TRANSLATOR,

TO THE THIRD EDITION:

 ———

VHE very high characer which Mr La-
voifier has fo defervedly 2cqzired as
a chemical philofopher, and the great re-
volution which he has effe@ed in the theo-
ry of chemiftry, had long made iz much
defired by all the cultivators of phyical
fcience, to have a conne@ed accourt of hs
difcoveries, and thofe of other chemical
philofophers, on which his opinions are
founded, together with an accuraze expo-
fition of the new theory, or rather of :ke
‘regular concatenation of fads, which he
has eftablifhed, in confequence of thefe dif- -
coveries, made by himfelf and others. For
the performarnce of this arduous underta-
king, no one could poffibly be betier qua-
lified than Mr Lavoifier himfelf : He w2-
not only thorouglily converfant in the
coveries of other philofophers, having,'
A3 infi
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vi ADVERTISEMENT.

infinite pains, repeated all their important
experiments, and fo varied moft of them as
to bring their refults into a much clearer
view, but was himfelf the author of many
important difcoveries. The hiftory, there-
fore, of thefe difcoveries, and their proper
arrangement, for conveying an exa& idea
of the new theory which he had deduced
from them, could not, certainly, have been
given to the world fo well, or with fo much
propriety, by any other perfon.

~ This great defideratum in the hiftory
and fcience of chemiftry, was accomplifhed

1 ~n 1 -1 1™ - ~ .
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vii ADVERTISEMENT.

Lavoifier for detailing the ingredients and
refults of his various experiments, are, in
the original, exprefled in the cuftomary
. aliquot parts of the Paris pound, poids de
marc, which is divided very differently
from the Englith pound, either troy or a-
verdupois : To render thefe weights fully
intelligible to the Britifh peader, they are
all, in this edition, reduced to decimal
fra&ions of the pound, which will ferve
for all denominations.

In the courfe of the tranflation, feveral
explanatory notes are added ; principally
for the purpofe of rendering the doctrines



ADVERTISEMENT. ix

with thefe limited intentions, it is the beft
body of chemical philofophy extant.

In a {fmall number of places, the tranf-
lator has taken the liberty of throwing
to the bottom of the page, in notes, fome
parenthetical expreflions, not directly con-
ne&ted with the fubjet, which, in their o-
riginal place, rather tended to confufe the
fenfe: Thefe, and the original notes of the
author, are diftinguifthed by the letter A ;
and to thofe which the tranflator has ven-
tured to add, the letter T is fubjoined.
Some difcoveries, which have been made
in various parts of chemiftry fince the pub-
lication of the original, are added in this
tranflation in their proper places.

Mr Lavoifier has given, in an appendix,
feveral very ufeful tables, for facilitating
the calculations now neceflary in the ad-
vanced ftate of modern chemiftry, where-
in the moft fcrupulous accuracy is requi-
red : Thefe are now as indifpenfibly requi-
fite to the operations of the chemical phi-
lofopher, as the Ephimerides, and Nautical
Almanacks,and Logarithmic Tables, are to
the Navigator, Aftronomer, and Geome-
trician. Thefe tables are all retained in

this

d
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ADVERTISEMENT. xi

great wealth, at the fame time immerfed
in numerous and important public employ-
ments, which he executed with diligent in.
telligence, and devoting his princely for-
tune and vaft abilities to the fedulous cul-
tivation and moft fuccefsful improvement
of the Sciences. If the fanguinary tyran-
ny of the monfter Robefpierre had com-
mitted only that outrage againft eternal
Juftice, a fucceeding age of the moft per-
fe& gevernment would fcarcely have fuffi-
ced, to France and to the world, to repair
the prodigious injury that lofs has produced
to chemiftry, and to all the {ciences and
economical arts with which it is conne&ed.
Had Lavoifier lived, as exprefled in a,
letter received from him by the tranflator
a fhort while before his maflacre, it was
his intention to have republifhed thefe Ele-
ments in an entirely new form, comnpofing
a Complete Syftem of Philofophical Che-
miftry : And, as a mark of his futisfaction
with the fidelity of this tranilation, he pro-
pofed to have conveyed to the tranflator,
theet by fheet as it fhould come from the
prefs, that new and invaluable work, alas!

now for cver loft.
PREFACE



P R E F A CE

OoF TEE

AUTHOR.

WH.EN I began the following Work, my
only objet 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 neccﬂity.of re-
forming and completing the Nomenclature of
Chemiftry. While engaged in this employment,
¥ perceived, better than I had ever doae before,
the juttice of the following maxims of the Abbé
de Condillac, in his fyftem of Logic, and fome
other of his works.

“ We think only through the medium of
“ words.—Languages are true amalytical me-
 thods.



PREFACE Xiii

# thods.—Algebra, which is adapted to its pur-
s pofe in every f{pecies of expreffion, in the
“ moft fimple, moft exa®, and beft manner
¢ poffible, is at the fame time a language and
“ an analytical method.—The art of reafoning
¢ is nothing more than a language well arran-
“ ged.”

Thus, while I thought myfelf employed Aonly S
in forming a Nomenclature, and while I propo-
fed to myfelf nothing more than to improve the
chemical language, my work transformed itfelf
by degrees, without my being able to prevent
it, 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
facts which are the obje@s of the fcience ; the
ideas which reprefented thefe fucts; and the words
by whict the'e i.ieas arc expreffed. Like three
impreffions of the fame feal, the word ought to
produce the idea, and the idea to be a pi&ure of
the fact. And, as ideas are preferved and com-
municated by means of words, it neceffarily fol-

lows,
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Jows, that we cannot improve the language of
any fcience, without at the fame time improving
the {cience itfelf; neither can we, on the other
hand, improve a {cience, without improving the
language or nomenclature which belongs to it.
However certain the facs of any fcience may
be, and however juft the ideas we may have
formed of thefe falts, we can enly communicate
falfe or imperfect impreffions of thefe ideas to
others, while we want words by which they may
be properly exprefled.

To thofe who will confider it with attention,
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‘PREFACE 2ix’
much by the nature of the fubjed, 2¢ by the
method of teaching it ; and, to avoid them, I
was chiefly induced to adopt a new arrangement
. of chemiftry, which appeared to me more ton-

fonant to the order of Nature. I 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 I have not been able to remove j but I
am perfuaded, that fuch as remain do not atife
from the nature of the order I have adopted,
but are rather confequences of the imperfeion
under which chemiftty ftill labours. Thisfcience
has many chafms, which interrupt the feries
of fatts, and often render it cxtremely difficult
to reconcile thefe with each other: It has not,
like the elements of geometry, the advantage of
being a complete fcience, the parts of which are
all clofely conne@ted together: Its actual pro-
grefs, however, is fo rapid, and the fads, under
the modern do&rine, have affumed {o happy an
arrangement, that we hiave ground to hope, even
in our own times, to fee it approach near to the

higheft ftate of perfe@ion of which it is fufcep
tible. T

The rigorotis law from which I have never
‘ B2 deviated,
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xxii PREFACE

fear that it will even bear hard upon generations
yet ta come.

It is yery remarkable, notwithftanding the
pumber of philofophical chemifts who have fup-
ported the dogrine of the four elements, that
there is not one who has not been led, by the
evidence of fals, to admit a greater number of
elements into their theory. The firft chemical
authors, after the revival of letters, confider-
ed fulphur and falt as elementary fubftances en-
téring into the compofition of a great number
of bodies ; ‘hence, inftead of four, they admit-
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we ought never to fuppofe them compounded
until experiment and obfervation have proved
them to be fo.

The foregoing reflections upon the progrefs
of chemical ideas naturally apply to the words
by which thefe ideas gre expreffled. Guided
by the work which, in the year 1787, Meflrs
de Morveau, Berthollet, de Fourcroy, and |
campofed ppan the Nomenclature of Chemifiry,
I have endeavoured, as much as poflible, to de-
mpominate fimple bodies by fimple terms, and I
_was naturally led to @ame thefe firft, It will be
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xxviii PREFACE

‘been long the only known ones in this kind :
Now, however, we know, from the experiments
of Meflrs Vandermonde, Monge, and Berthol-
let, that carbon may be combined with iron,
and perhaps with feveral other metals ; and that,
trom this combination, according to the propor-
tions, may be produced fteel, plumbago, &-c.
We know likewife, from the experiments of M.
Pelletier, that pho(phorus may be combined with
a great number of metallic fubftances. Thefe
different combinations we have claflfed under ge-
neric names taken from the common fubftance,
with a termination which marks this analogy,
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xEXil PREFACE

muft have loft fight of the true obje& I had in
view, and fhould have produced a work extreme-
1y tirefome to beginners. '

It is not the hiftory of the fcience, or of the
Human mind, that we are to aftémpt in an ele-
mentary treatife. Our only aim fhould be eafe
and perfpicuity, and with the utmoft care to
keep every thing out of view which may draw
afide the attention of the ftudent. It is a road
which we fhould be continually rendering more
fmooth, and from which we muft erideavour to
remove every obftacle which can occafion delay.
The fciences, from their own nature, prefent



PREFACE xXXXil

iag, to each other, has eftablifhed between us
a fort of community of opinions, in which it is -
often difficult for every one to know his own.

Thefe remarks on the order which I thought
myfelf obliged to follow in the arrangement of
proofs and ideas, are to be applied only to the
firft part of this work, It is the only one which
contains the general fum of the doctrine I have
adopted, and to which I wifhed to give a form
completely elementary.

The fecond part is compofed chiefly of tables
of the nomenclature of the neutral falts. To
thefe I have onlyadded general explanations, the
object of which is to point out the moft fimple
procefles for obtaining the different kinds of
known acids. This part contains nothing which
I can call my own, and prefents only a very
fhort abridgment of the refults of thefe procef-
fes, extracted from the works of different au-
thors.

In the third part, I have given a defeription,
in detail, of all the operations conne&ted with
modern chemiftry. I have long thought that a

C work
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PREFACE. XXXV

far diftant from our own. Thefe o'bfervations
were made on a different fubje® ; but they will
not on this account, have lefs force, if the appli-
cation of them be juft. .

¢ Inftead of applying obfervation to the things
‘ we wifhed to know, we have chofen rather to
¢ imagine them. Advancing from one ill-found-
‘ed fuppofition to another, we have at laft be-
¢ wildered ourfelves amid a multitude of errors.
¢ Thefe errors, becoming prejudices, are, of
¢ courfe, adopted as principles, and we thus be-
¢ wilder ourfelves more and more. The method,
* too, by which we conduct our reafonings is
¢ abfurd ; we abufe words which we do not un-
¢ derftand, and call this the art of reafoning.
¢ When matters have been brought this length,
¢ when errors have been thus accumulated, there
¢ is but one remedy, by which order can be re-
¢ ftored to the faculty of thinking; this is, to
¢ forget all that we havc learned, to trace back
¢ our ideas to theirkfource,to follow the train in
¢ which they rife, and, as Lord Bacon fays, to
¢ frame the human underftanding ancw.

¢« This remedy becomes the more difficult, in

¢ proportion as we think ourfelves the more
C2 < learned.
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¢ learned. Might it not be thought, that works
¢ which treat of the {ciences with the utmoft per-
¢ {picuity, and with the greateft order and pre-
¢ cifion, muft be underftood by every body?
¢ The fatt is, thofe who have never ftudied any
¢ thing will underftand them better than thofe
¢ who have ftudied a great deal, and efpecially
¢ than thofe who have written a great deal.’

In another place the Abbé de Condillac adds:
¢ But, notwithftanding, the fciences have impro-
¢ ved, becaufe philofophers have applied them-
¢ felves with more attention than formerly to ob-
¢ ferve Nature, and have communicated to their
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fpecies of wood will imbibe a different quantity
of water ; the lighter and more porous woods
will admit a larg-r, the compa@® and clofer
grained will admit a lefler quantity ; for the
proportional quantities of water, imbibed by the
pieces, will depend upon the nature of the con-
ftituent particles of the wood, and upon the
greater or leffer affinity fubfifting between them
and water: Very refinous wood, for inftance,
though it may be at the fame time very porous,
will admit but little water. We may - therefore
fay, that different kinds of wood poffefs differ-
ent capacities for receiving water ; and we may
even determine, by means of the augmentation
of their weights, what quantity of water they
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‘Heat, confidered as a fenfation, or, in other
words, fenfible heat, is only the effe&t 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 it
might be eftablithed as an axiom, That, wiTH-
OUT MOTION, THERE 1S NO SENSATION. This
general principle applies very accurately to the
fenfations of* heat and cold: When we touch a
cold body, the caloric, which always tends to
become in equilibrio in all bodies, paffes from
our hand into the body we touch, which gives
us the feeling or fenfation of cold. The dire&t
contrary happens when we touch a warm body ;
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ly at a confiderable diftance from each other;

. for the power of approaching together certainly
fuppafes a previous diftance, at leaft equal to
the degree of approximation: Confequently;
thofe particles of the air, which are already con-
fiderably diftant from' each other, tend to {epa-
rate ftill farther. 1f we produce Boyle’s vacuumi
in a large receiver of an:air-pump, the laft: por-
tion of air which. remains extends itfelf uniform-
ly through the whole capacity of the veffel, how-
ever large, filling it completely, and prefling
every where- againft its fides: We cannot ex-
plain this. fact, without fuppofing that the par-
ticles make an effort to feparate themfelves on
every fide ; and we arc quite ignorant at what
diftance, or in what degree of rarefaction, this
effort ceafes to act.

In the above experiments a true tepulfion
takes place between the particles of elaftic
fluids ; at leaft, circumftances occur exadtly as
if fuch a repulfion a¢tually exifted : and we have
a right to conclude, that the particles of caloric
mutually repel each other. When e are once
permitted to fuppofe this repelling force, the
theory of the formation of gaffes, or aériform
fluids, becomes perfectly fimple; though we -
muft, at the fame time, allow, that it is ex-
tremely difficult to form an accurate concep-
tion how this repulfive force acts ugon very mi-

E 4 4 .nute

e T
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nute particles placed at great diftances from eachi
other. :

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 torn afunder
in confequence of this fuperior attracion of the
particles of caloric, which forces them between
the particles of other bodies, that they may be
able to reunite with each other. We may obs
ferve fomething analogous to this idea in the phe-
nomena which occur when a dry fponge is dipt
in water : This {fponge {wells ; its particles fepa:
rate from each other; and all its intervals are
filled by the water. Itis evident, that the fponge,
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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 attraltive
powers: Thefe are, the gravity of the water,
and the power which it exerts on every fide,
in common with all other fluids ; The force of
attraction, which takes place between the parti-
cles of the water, caufing them to unite toge-
ther ; The mutual attration of the particles of
the fponge for each other; and, The recipro- -
cal attraCtion which exifts between the particles
of the fponge and thofe of the water. It is
cafy to underftand, that the explanation of this
fact depends upon properly appretiating the in-
tenfity of, and conneion between, thefe feve-
ral powers. It is probable, therefore, that the
feparation of the particles of bodies, occafioned
by caloric, depends in a fimilar manner upon
a certain combination of different attraive
powers, which in conformity with the imperfec-
tion of our knowledge, we endeavour to exprefs
by faying, that caloric communicates a power of
repulfion to the particles of bodies.

Iz CHAP.
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fubftances which compofe our earth, if its tem-
perature were {uddenly altered. If, for inftance,
we were fuddenly tranfported to the region of
the planet Mercury, where probably the com-
mon temperature is much fuperior to that of
boiling water ; the water of our world, and all
the other fluids which are fufceptible of the gaf-
feous ftate, at a temperature near to that of
boiling water, even quickfilver itfelf, would be-
come rarefied; and all thefe fubftances, being
changed into permanently aériform fluids or gaf-
fes, would become part of the new atmofphere.
Thefe new fpecies of airs or gaffes would mix
with thofe already exifting, and certain recipro-
cal decompofitions and new combinations would
take place, until fuch time as all the eletive at-
tractions or affinities fubfifting among all thefe
new and old gaffeous fubftances had operated
fully ; after which, the elementary principles
compofing thefe gafles, being faturated, would
remain at reft.

We mutft attend to this, however, that, even
in the above hypothetical fituation, certain
bounds would occur to the evaporation of thefe
fubftances, produced by means, of that very
evaporation itfelf : For as, in proportion to the
increafe of elaftic fluids, the preffure of the at-
mofphere would be augmented ; as every de-
gree of preflure tends, in fome mealure, to pre-
vent evaporation; and as even the moft eva-

porable
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porable fluids can refift the operation of a very
high temperature without evaporating, if pre-
vented by a proportionally ftronger compreffion,
water and all other liquids being able to fuftain
a red heat in Papin’s digefter ; we muft admit,
that the new atmofphere would at laft acquire
fuch a degree of weight, that the water which
had not hitherto evaporated would ceafe to
boil, and, of confequence, would remain liquid.
Hence, even upon this fuppofition, as in all
others of the fame nature, the increafing gravity
of the atmofphere would find certain limits which
it could not exceed.

We might extend thefe reflections greatly
farther, and examine what change would be



OF CHEMISTRY. 79

sccompany igneous meteors induce me to be-
lieve that there exifts, in the upper parts of our
atmofphere, a ftratum of inflammable fluid, in
conta with thofe ftrata of air in which the phe-
nomena of the aurora borealis and other fiery ap-
pearances are produced.—I mean hereafter to
purfue this fubject in a feparate treatife.

CHAP.
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which, has fince been fubttityted the .term of
wital air. We fhall prefcntly fee. what we ,pugbt
to think of thefe dcnom;natxons np s -

In xcﬁc&mg upon the cxrcumﬁapqes of thns
experiment, we readily perceive 3 that that the ;ner-
cury, during ‘its_calcinagion,’ abfotbs the fa.lu-
brious and refplrable past.of the air, or, r, to fpeak
more ﬁn&ly, the ba{e of. .Ihxs r.efmxable BRIt ;
that .the remaining aix is a fpecies ,Qf mgbn;gs,
incapable of {upparting. ¢ combutftion qx,,rgfpxra-
tion ; and, confequently, that atmofpheric air is
compofed of two elaftic: ,ﬂmds_of diffgrent and
oppofite qualities. As a proof; of this important
truth, if we recombine thefe two, ela.thc fluids,
which we have feparately obtaincd in the above
experiment, viz. the 42 cubical inches of mephi-
tis, with the 8 cubical inches of highly; refpirable
air, we reproduce an air precifgly fimilar to that
of the atmofphere, and pofiefling nearly the fame
power of {upporting combuftion and refpiration,
and of contributing to the calcination of metals,

Although this experiment furpifhes.us with
a very fimple means of .obtaining; the 1wo prin-
cipal..elaftic fluids which compofe OYF -atmo-
{phere, feparate from each other, yet jt.does. nqt
give-us,an exad idea of the proportion in which
thefe two enter into:its compofition : Kpor the
attraction of mercury to the,, refpirable part of
the air, or rather to its bafe, is not fufficiently
firong to overcome all the circumfiances which

.F3 oppofe
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lighted tinder comes into, conta with, the. vi-
ml ajr, it begins'to .burn .with. great jntenfity ;
gnd, . comfnunjgatmg the. inflammation, tg,: the
iron-wire, Jt,hkewxfe takes fire and Qurns rapidly,
throwing; Qut hulhant. {parks ;.- thefe fall.to the
howem of the; veflel in ropnded globules, whxch
brieowss Jplackiin: cpalingybyt retain a2 degree
of inetallic, fplepdayry,;..The xron thus bprat is
moyc. britsle exen than glafs, i is eafily reduced
into powder, and is ftill attractable by the pag-
net, thowgh not fo powenfully, as. it. was hefore
combuftion. As' M, Ingenhouz has neither ex-
smined the change produced on. the iron, nor
upon the air by this.operation, I have repeated
the cxperiment: under. different circumftanges,
in-an apparatus adapted to an{wer my particp-
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etbiops by the old chemifts, poflefling a.degree of
metalhc bnlhancy, VErY fnable, and readlly ¥e-
ducabla into powder,, under the hammer, ar with
a peﬁle and mortar. If the cxpenmen; has fuc-
cecdgd well, from 100 grAins of iron will be ob-
tained 135 or 1 36 grains aof ethxops, whxch is gn
augmentation of 35 per cent. A

If all the attentxon has been paid to thxs ex-
pcnment which it deferves, the air ‘wi}l be found
diminifhed in weight, exacly equal to what the
iron has gained. Having therefore burnt 100
graios of iron, which has acquired an addition-
al weight of 35 grains, the diminution of air

will be found exa@ly 7o cubical inches; and
it will be fhewn, in the fequel, that the weight
of vital air is very near half a grain for each
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aster the combuition will be found as pure as 1t
was berore : But it is difficult to find ‘iron en-
tirely tree from_ a fmall portion of charry mat-
ter, which is chleﬂy abundant in fteel ; and i it
is likewite exceedingly dxﬂicult to procure pure
air perfectly free from fome admixture of me-
phitis, with whlch it is almoft always conta-
minated : That fpecxes of noxious air does not,
i the fmalleft degree, difturb’ the refult of the
cxpenment, as it- is always found at the end
exaily in the fame quantxty as at thc begm-
ning.

I mentioned before, that we have ‘two ways
of determining the conftituent parts of atmo-
fpheric air, the method of analyfis, and that by
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by which to :determine their .feveral .propor-
tions.. This. water, held in.{folution. by gafles,
gives rife to particular phenomena, which re-
quire great attention, in many experiments, and
which has frequently proved the fource of great
errots to chemifts' in dcwrmmmg :he refults of
thent expenme:m. . T
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. ‘The fame precifion has not been found
etlary with refpe@ to water reduced to the
ate of vapour by an additional quantity of calo-
ic. Thofe perfons whe do.not make a particu-
lar fudy of objeds of this kind, are ftill ignorant
that water, when in a temperature only a little
above the boiling heat; is ¢hatged into an elaftic
agriform fluid, fufceptible, like all other gaffes,
of being received and contained in veffels, and of
preferving its gaffeous form {o long as it remains
at the temperature of 2127, ‘and. under 2 pref-
{ure not exceeding 28 inches of the mercurial ba.
rometer.. - As this phenomenon has not been ve-
ry generally obferved, no language has ufed a
particulur term for exprefling water in this ftate ¥
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ing, in fa@, a term expreffive of a .mode of ex-
iftence. - To diftinguith the fpecies of. gas, we
‘mploy a fecond term derived fram the name
f'the bafe, which, faturated with caloric, forms
each particular gas. Thus, we name water com-
bined to faturation with caloric, fo as to form an
elaftic fluid, aqueous gas ; ether combined in
the fame manner, ethereal gas'; the combination
of alkohol with ‘caloric, becomes alkobolic gas ;
and, following the fame principles, we have mu-
riatic acid gas, ammoniacal gas, and {o on of eve-
ry fubftance fufceptible of being combined with
caloric, in fuch a manner as to affume the gaf-
feous or elaftic aériform ftate. - ' :
We have already feen, that the atmofpheric
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of e Dez‘ompqﬁhw ‘of Okgm Gas' by .S‘uljobur
qu)}iom and C‘%n—and of tl‘c Fo’ﬂnaa.
tton qf‘lmf: mmmr e ‘i -
'N' ‘performmg e;pénménts, it s 4 neceﬂ'ary

" principle, which ought : néver to bé deviated
from, that they be ﬁtﬁp'[xﬁcd as much as pof-
fible, and that every circumftance capable of
rendering their refults complicated be carefully
removed. Wherefore, in the experiments which
form the obje@ of this chapter, I have never
employed atmofpheric ajr, which is not a fimple
fi ubﬁance, It is true, that the azotic gas, which
forms a part of its mixtiure, appears to be mere-
ly paﬂ' ive during combuftion and calcination ;
but, beﬁdes that it retards thefe operations very
conﬁderably, we are not certain but it may even
alter their refults in fome circumftances; for
which reafon, I have thought it neceffary to re-
move even this poffible caufe of doubt, by ma-
king ufe only of pure oxygen gas in the fol-
lowing experiments, which fhew the effe&s pro-
duced by combuftion in that gas. I fhall ad-
vert to fuch differences as take place in the re-
fults of thefe, when the oxygen gas, or pure
G 4 vital
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vital air, is mixed, in different proportions, with
azotic gas.

Having filled a bell-glafs A, Pl 1V. ﬁg 3. of
between five and fix pints meafure, with oxy-
gen gas, I removed it from the water-trough,
where it was filled, inta the quickfilver bath,
~ by means of a ihallow glafs dith ﬂlpped under-
neath, and having dried. the megcury, I introdu-
ced 61% grains of Kunkel’s phofpborus in two
little China cups, like that reprefcntcd at D,
fig. 3. undcr the glafs A.. That I'might T fét fire
to each of the pom.ons quhoi])horus Ibparately,
and to prevent the’ one ﬁ'om catching ﬁre from
the other, one of the difhes was covered with a
flat piece of glafs. I next raifed the quick-
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rein ares, it wik be found that 100. parts of.
avipiurTs "egIre 134 parts of oxygen for fa- .
auatran, ud S this combination will produce
333 Jares ef comcrete phofphone acid, in form -
o winme beecy flakes. 0 .
Thes experiment proves, in the noﬁ convin.
S mmanoer, that, at a certain dagvee of tempes.:
ramre, oxygen poffeffes a firanger eleive at-.
s, or aflinity, for phalphorus than for ca-
Jmac: soud thae, in confequence of this, the phof-
phores atrads the bafe of oxypen gas from the
<3, which, being fet free, fpréads itfelf over
the taxrounding bodies.  But, ‘thiough this ex-
erenent be o far perfectly conclufive, it is not
aﬁ\tﬁtn}‘ rigoreus ; for, in the epparatus de--
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ner furface of the balloon, until at laft it was
xendered quite opake. - The quantity of theft
flakes at the end became fo abnndant, ‘that,
though frefh oxygen gas was continually fup-
plied, which ought to have fupportéd the com-
buftion, the phofphorus became " extinguithed.
Having allowed the apparatus to cool complete-
ly, I firft afcertained the quantity of oxygen gas
employed, and- weighed the balloon accurately,
before it was: opened. I next wathed, dried,
and welghed the {mall quantity of phofphorus
remaining in the cup, on purpofe to determine
the whole quantity of phofphorus confumed in
the experiment ; this refiduumof the phofphoa-
rus..was of a yellow ochrey colour. It is evi-
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for 1781, p. 448. By that experiment it ap.
pears, that 28 parts by weight of carbon re-
quire 72 parts of oxygen for faturation, and that
the aériform acid produced is precifely equal
in weight to the fum of the weights of the char-
coal confumed and oxygen gas employed during
the combuftion. This aériform acid was called
fixed or fixable air by the chemifts who firft dif-
covered it; they did not then know whether it
was air refembling that of the atmofphere, or
fome other elaftic fluid, vitiated and corrupted
by combutftion ; but fince it is now afcertained to
be an acid, formed like all others by the oxy-
genation of its peculiar bafe, it is obvious that
the name of fixed air is quite ineligible *.

By burning charcoal in the apparatus men-
tioned, p. 60, Mr de la Place and I found that
one /ib. of charcoal melted 96.375 libs. of ice ;
that, during the combutftion, 2.57 14 libs. of oxy-
gen were abforbed, and that 3.5714 /ibs. of acid
gas were formed. This gas weighs 0.695 parts
of a grain for each cubical inch, in the common

H ftandard

* It may be proper to remark, though here omitted
by the author, that, in conformity with the general prin-
ciples of the new nomenclature, this acid is by Mr La-
voifier and his colleagues called the carbonic acid, and
when in the aénform ftate, carbonic acid gas.—T.
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fully diftinguifh between the acidifiable bafe,
which Mr de Morveau calls the radical, and
the acidifying principle, or oxygen.

’

H2 CHAP.
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oy
CHAP. VI

Of the Nomenclature of Acids in genéral, and par-
ticularly of thofe drawn from Nitre and Sea-
Salt. A :

T becomes extremely eafy, from the princi-
ples laid down in the preceding chapter, to
eftablith a fyftematic nomenclature for the a-
cids: The word acid being ufed as a generic
term, each acid falls to be diftinguifhed in lan-
guage, as in nature, by the name of its bafe or
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We have preferved that term for this acid from
fulphur under-faturated with oxgygen ; and di-
fuinguifh the other, or completely faturated or
oxygenated acid, by the name of fulpburic acid.
We thall therefore fay, in this new chemical
anguage, that fulphur, in combining with oxy-
gen, is fufceptible of two degrees of faturation
that the firft, or lefler degree, conftitutes ful-
phurous acid, which is volatile and penetrating;
while the fecond, or higher degree of faturation,
produces fulpburic acid, which is fixed and in-
odorous. We fhall adopt this difference of ter-
mination for all the acids which aflume feveral
degrees of faturation. Hence-we have a phof-
phorous and a phofphoric acid, an acetous and -
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forming the mame of ‘the acid from that of its
bafe, have been forced to denominate its un-
known bafe from the name of the known acid,

as happens in the cafe of the acid whlch is pro-
cured from fea-falt.

To difengage this acid from the a.Ikalme bafe
with which it is combined, we have only to
pour fulphuric acid upon fea-falt ; immediately
a brifk effervefcence takes place, white vapours
arife, of a very penetrating odour, and, by gen-
tly heating the mixture, all the acid is driven
off. .As, in the common temperature and pref-
fure of our atmofphere, this acid is naturally in
the ftate of gas, we muft ufe particular precau-
tions for retaining it jn proper veflels. Far {fmall
experiments, the moft fimple and moft com-
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more compounded appellation of oxygenated mu-
riatic acid *.

. Although the bafe or radical of the acid
which is extra&ted from nitre or faltpetre be
better known, we have judged proper only
to modify its name_in .the fame manner with
that of the muriatic acid. It is procured from
pitre, by the intervention of fulphuric acid,
by a procefs fimilar to that defcribed for ex-
tralting the muriatic acid, and by means-of
the fame apparatus, PL.'IV. Fig. 1. In prapor-
tion as the acid pafles over, it is in part con-
denfed in the balloon or recipient, and the reft
is abforbed by the water contained in the bot.
tles L, L, L, L ; the water becomes firft green,
then blue, and. at laft yellow, in proportion to
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mer, and mitric acid in the latter flate; thus
preferving its former appellation properly modi~
fied. .

Several very refpe@able chemifts have dif-
approved of this deference for the old terms,
and wifhed us to have perfevered in perfe&ting
a new chemical language, without paying any
relpe to ancient ufage ; fo that, by thus fteer-
ing a fort of middle courfe, we have expofed
ourfelves to the cenfures of one fe&@ of che-
mifts, and to the expoftulations of the oppofite
party. -

-, The acid of nitre is fufceptible of affluming a
great number of feparate ftates, depending up-
on its degree of oxygenation, or upon the pro-
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» In ftri& conformity with the principles of the new
nomenclature, but which the author has given his reafons
for deviating from in this inftance, the following ought to
have been the terms for azot, in its feveral degrees of oxy-
genation : Azot, azotic gas, (azot combined with caloric),
azotic oxyd gas, azotous acid, and azotic acid—T.
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cHAP VIL

Of the Decompofition of Oxygen Gas by means of
Metals; and the Formation of Metallic Oxyds.

XYGEN has a ftronger affinity with me-
tals that are heated to a certain degree
than with caloric: In confequence of this, all
metallic bodies, excepting gold, filver, and pla-
tina, have the property of decompofing oxy-
gen gas, by attraCting its bafe from the caloric
with which it was combined. We have already
fhown in what manner this decompofition is ef-
feted by means of mercury and iron; having
obferved, that, in the cafe of the firft, it muft
be confidered as a kind of gradual combuftion,
whereas, in the latter, the combuftion is ex-
tremely rapid, and is attended with a brilliant
flame. The ufe of the heat employed in thefe
operations is to feparate the particles of the me-
tal from each other, and to diminifh their at-
traction of cohefion or aggregation, or, what is
the fame thing, their mutual attra&ion for each
other.
The abfolute weight of all metallic fubftan-
ces is augmented in proportion to the quantity
1 of
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ter degree of oxygenation, we have afterwards,
in the courfe of this work, given the generical
name of oxyd *. '

CHAP.

« In ftri& cohformity with the principles of the new
nomenclature, but which the author has given his reafons
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ot oxygen they abforb ; they, at the fame time;
lofe their metallic fplendour, and are reduced
to the appearance of an earthy pulverulent mat-
ter : In this ftate, metals muft not be confider-
ed as entirely faturated with oxygen, becaufe
their action upon this element is counter-ba-
lanced by the power of affinity between it and
the caloric. During the calcination of metals,
the oxygen is therefore acted upon by two fe-
parate and oppofite powers, that of its attrac-
tion for caloric, and that exerted by the metal ;
and it only tends to unite with the metal in
confequence of the excefs of the latter power
over the former, which is, in general, very
inconfiderable. Wherefore, when metallic {ub-
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CHAP. VI

Of the Radical Ptinciple of Water, and of its
Decompofition by Charcoal and Iron.

NTIL very lately, water has always been
thought a fimple fubftance ; infomuch
that the older chemifts confidereq it as an ele-
ment. Such it undoubtedly was to them, as
they were unable to decompofe it ; or, at leaft,
fince the decompofition which took place daily
before their eyes, was entirely unnoticed. But
we mean to prove, that water is by no means a
fimple or elementary fubftance. I fhall not
here pretend to give the hiftory of this recent,
and ‘hitherto contefted difcovery, which is de-
tailed in the Memoirs of the Academy for 1781,
but fhall only bring forward the principal
proofs of the decompofition, and compofition of
water ; and I may venture to fay, that thefe will
be convincing to fuch 3s confider them impar-
tially,

Experiment Firft.
Having fixed the glafs tube EF, Plate VII.

Fig. 11, of from 8 to 12 lines diameter, acrofs a
14 . furnace,
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CHAP. VIIL

Qf the Radical Ptinciple of Water, and of its
Decompofition by Charcoal and Iron.

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

Experiment Firfl,
Having fixed the glafs tube EF, Plate VII.

Fig. 11. of from 8 to 12 lines diameter, acrofs a
14 . furnace,
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furnace, with a {mall inclination from E to F;
lute the fuperior extremity E to the glafs retort
A, containing a determinate quantity of diftil-
led water; and to the fuperior extremity F, lute
the worm SS, fixed into the neck of the doubly
tubulated bottle H; which latt has the bent tube
KK adapted to one of its openings, in fuch a
manner as to convey fuch aériform fluids af
gaifes as may be difengaged, during the experi-
ment, into 3 proper apparatus for detcrmmmg
their quantity and nature.

To render the fuccefs of this experiment cer- .
tain, it is neceffary that the tube EF be made
of well anngaled and difficultly fufible glafs, and
that it be coated over with a lute compofed of
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CHAP. VIIL

Of the Radical Pinciple of Water, and of its
Decompofition by Charcoal and Iron.

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

Experiment Firfe.
Having fixed the glafs tube EF, Plate VII.

Fig. 11, of from 8 to 12 lines diameter, acrofs a
14 . furnace,
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ment, they will be fully diffipated by the follow-
ing experiments, which I am goxpg to adducp
in fupport of my opinion, o

Experimmt Third.

The apparatus being difpofed 'e'xa&ly as ip
the former experiment, with this. difference,
that inftead of the 28 grs. of charcoal, the tube.
EF is filled with 274 g7s. of foft iron, in thin.
plates, ralled up fpirally. The tube is made
red hot by means of its furnace, and the water,
in the retort A, is kept conftaatly boiling till
it be all evaporated, and has paffed through the
tube E F, to be condenfed in the hottle H.
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nor *. We call:the comlbiination of this. element
with caloric Aydroger gas; andithe term hydra-
gen } exprefles the hafeof that gas, oF. the raidi-
cal of water. - « DI IVREL

This experiment furmﬂm us mth a new
combuftible body, or, in other wards, a:body
which has fo much affinity with ‘oxygen .as to
draw it from its:connetion with caloric, and to
decompofe oxygen gas.- . This combuftiblejbody
has itfelf fo great an affinity with caloric, that;
unlefs when engaged in a combination with fome
other body, it always fubfifts- in the;aériformy
or gaffeous ftate, in- the ufual temperature and
preflure of our atmofphere. .In this ftate of gas
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atmofpheric air ; it is not abforbed by water;

- though it is capable of holding a fmall quantity
of that fluid in folution ; and it is incapable of
being ufed for refpltatlon, without producing in-
ftant death,

As the property of bummg, which this gas
poflefles in common with all other combuftible
bodies, is merely the power of decompofing
air, and carrying off its oxygen from the calo-
ric with which it is combined, it is eafily under-
ftood that it cannot burn, unlefs in conta&® with
air or oxygen gas. Hence, when we fet fire to
a bottle full of this gas, it burns gently, firft at
the neck of the bottle, and then in the infide of
it, in proportion as the external air gets in:
This combuftion is flow and fucceflive, and on-
ly takes place at the furface of contat between
the two gaffes. It is quite different when the
two gafles are mixed before they are fet on fire ;
If, for inftance, after having introduced one
part of oxygen gas into a narrow-mouthed
bottle, we fill it up with two parts of hydrogen

" gas, and bring a lightéd taper, or other burn-
ing body, to the mouth of the bottle, the com-
buftion of the two gafles takes place inftanta-
neoufly with a violent explofion. This experi-
ment ought only to be madc in 2 bottle of very
ftrong green glals, holding not more than a
pint, and ftrongly wrapped round with twine,
otherwife the operator will be expofed to great

danger
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danger from the rupture of the bottle, of which
the fragments will Be thrown about with great
force.

If all tHat has been related above, concern-
ing the decompofition of water, be exactly con-
formable to truth ;—if, as I have endedvoured
to prove, that fubftance be really compofed of
hydrogen; as its proper conftituent element,
combined with oxygen, it ought to follow; that
by reuniting thefe two elements together; we
fhould recompofe water ; and that this aGtual-
ly happens, may be judged off by the following
experiment.
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gas contained in the refervoir is forced, with a
moderate degree of quicknefs, by the preflure
of one or two inches of water. The fourth
tube contains a metallic wire GL, having a knob
at its extremity L, intended for giving an elec-
trical fpark from L to d’; on purpofe to fet fire
to the hydrogen gas: This wire is moveable in
the tube, that we may be able to feparate the
knob L from the extremity d’ of the tube D d’.
The three tubes d D d’ gg, and Hb, are all pro-
vided with ftop-cocks.

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

We muft be provided before hand with a
fufficient quantity of oxygen gas, carefully pu-

K rified

# See the natare of thefe falts in the fecond part of this
baok.—A.
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rified from - all admixture of carbonic acid, by
long conta& with a folution of potafh *.

We muft likewife have a quantity of hydro- -
gen gas, equal to twice the bulk of the oxygen
gas, and contained ir a feparate refervoir : this
mutft be carefully purified in the fame manner by
long conta@ with a folution of potafh in water.
The beft way to obtain this gas free from mix-
ture is, by decompofing water -with pure foft
iron, as directed 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 ballon A is exhauofted of its air.
We next admit the oxygen gas, {o as to fill the
balloon; and then, by means of preflure, as is
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fumed. I have in another place * given a mi-
nute defcription of the apparatus ufed in this ex-
periment, and have explained the manner of af-
certaining the quantities of the gafles confumed
with the moft fcrupulous exa&itude.

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

K2 lieve

* Sce the third part of this work.—A.
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CHAP IX.

Of the Quantities of Caloric difengaged during dif-
Jerent Species of Combuftion.

T: has heen already. mentioned, that when

equal quantitjes of different bodies are burnt
in the ceatre of a hollow {phere of ice, and are
fupplied with air at the temperature of 32°,
the quantities of ice melted from the infide of
the fphere, become meafures of the relative
quantities of caloric difengaged during the fe-
veral combuftions. Mr de la Place and 1 have
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One pound of charcoal melted 96.5 /ibs..

One pound. of hydrogen gas melted 295. 5893
libs. :

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

I have already fhown, in Chap. V. that one
pound of - phofphorus abforbs one pound eight
ounces of oxygen during combuftion; and, fince
by the fame operation, 100 /ibs. of ice are melt-
ed, it follows, that the quantity of caloric con-
tained in one pound of oxygen gas is capablc of
melting 66.6667 libs. of ice.

One pound of charcoal during combuﬁlon
melts only 96.5 /libs. of ice, while it abforbs
2.5714 libs. of oxygen. By the experiment
with phofphorus, this quantny of oxygen gas
ought to difengage a quantity of caloric fuffi-
cient to melt 171.414 libs. of ice; confequent-
ly, during this experiment a quantity of caloric

K 4 fufficient
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fufficient to melt 74.914 libs. of ice difappears.
Carbonic acid is not, like phofphoric acid, in a
congrete ftate, after combuftion, but in the ftate
of gas,.and requires to be united- with caloric to
enable it to fubfift in that ftate; and the quan-
tity of caloric which is mlﬁing in the laft expe-
riment is cvxdently employed for that purpofe.
When we djvide that quantity by the weight
of carbonic acid, formed by the combuftion of
one pound of charcoal, we find that the quan.
tity of caloric, neceffary for changing one pound
of carbonic acid from the concrete to the gaffeous
ftate, would be capable of meltmg 22.9766 libs.
of ice.

We may make a fimilar calculation with the
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Hence, as 6.6667 libs. of water are formed,
from the combuittion' of one pound of hydrogen
gas, with 5.6667 Jbs. of oxygen; it follows
that, in each pound of water, at the tempera-
. ture of 32°, there exifts as much caloric as
would melt 12.2708 libs. of ice ; without taking
jnto 'account the quantity originally contained
in the hydrogen gas, which we have ibeen ob-
liged to omit, for want of data to calculate its
quantity *° From this it appeérs that water,
even in the ftate of ice, contains a confider-

able

* From the general principles of the new chemical phi-
lofophy, hydrogen gas omght to contain a much larger
quantity of caloric for giving it the gaffeous ftate than
oxygen gas. Being thirteen times as rare, it may be fup-
pofed to contgin thirteeen times as much caloric. Hence,
if all the caloric of the two gafles were difengaged during
their combaftion, and the confequent formation of water,
1244.4167 4és. of ige fhould have been melted ; but only
295.1522 Jibs. are melted, qnd:(hereforc, on this fuppofi-
tion, the remaining caloric in 6.6667 %bs. of water would
be able to melt 94.92643 /ibs. of ice; or each pound of
water at the temperature of 32°, fhould contain as much
caloric as is fofficient to melt 142 435, of ice nearly, which
is abfurd ; for one pound of water, at 32°, muft contain
precifely as much caloric as is neceffary to melt one pound
of ice. This thews the fallacy of all reafonings drawn
from the fuppofable quantities of caloric in bodies; and
that we are hitherto very far from poflefling any accuratg
knowledge of that part of chemiftry in which caloric is
goncerned.—T.
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able quantity of caloric, and that oxygen, in en-
tering into the combination, retains likewife a
good proportion. \ -

From thefe experiments, we may afflume the
following refults as fufficiently eftablithed.

Combuftion of Phofpborus.

From the combuftion of phofphorus, as related
in the foregoing experiments, it appears, that one
pound of phofphorus requires 1.5 %b. of oxygen
gas for its combuftion; and that 2.5 libs. of
concrete phofphoric acid are produced.

The quantity of caloric difengaged by

the combuftion of one pound of

. phofphorus, exprefled by the num-
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Combuftion of Charcoal. .

In the combuftion of one.pound of charcoal,
' 2.5714 libs. of oxygen gas are.abforbed, and

3.5714 libs. of carbonic acid gas are formed :
Hence the . . S
Caloric difengaged during the com- o

buftion ¢f one pound of charcoal ¥, g6.50000
Caloric difengaged during the.com- ~

buftion of charcoal, from each :

pound of oxygen gas abforbed, -~  37.52823
Caloric difengaged during the forma-

tion of one pound of carbonic acid

gas, - - - - - 27.02024
Caloric retained by each pound of
oxygen after combuftion, - 29.13844

Caloric neceffary for fupporting one
pound of carbonic acid in the ftate

of gas, - - - - 20.97960
Combyftion of Hydrogen Gas.

In the combuttion of one pouq'ci of hxdtogén
gas, 5.6067 libs. of oxygen gas are abforbed,
and

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

» All thefe relative quantities of caloric are exprefled
by the number of pounds of ice, and decimal parts, melt-
ed during the fevera] operations,.——T.
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and 6.6667 libs. of water are formed: Hence

the
Caloric difengaged from each /b, of

hydrogen gas*, - - - - 29558950
Galoric difengaged from each /ib. of
oxygen gas, - - - 52.16280

Caloric difengaged during the forma-

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

gen after combuftion with hydro-

gen, - - - - - x4. 50386
Caloric retained by each Zib. of wa-
ter, at the temperature of 32°, 12-32823

Of the Formation of Nitric Acid.
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which it poffeffed in the ftate of gas. It is cer-
tainly poffible to determine the quantity of calo-
ric which is difengaged during the combination
of thefe two gaffes, and confequently to deter-
mine what quantity remains after the combina-
tion takes place. The firft of thefe quantities
" might be afcertained, by making the combination
of the two gaffes in an apparatus furrounded by
" ice; but, as the quantity of caloric difengaged
is very inconfiderable, it would be neceffary to
operate upon a large quantity of the two gafles,
and in a very troublefome and complicated appa-
ratus. By this confideration, Mr de la Place and
I have hitherto been prevented from making the
attempt. In the mean time, the place of fuch
an experiment may be fupplied by calculations,
the refults of which cannot be very far from
truth.

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

Potath 7 o02. 6 gros 51.84 grs.=4515.84 g7+.
Dry acid 8 I 21.16  =4700.16

The above quantity of dry acid is compofed
of, :
Oxygen
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experiments upon this {ubje@ are neceffary to
afcertain how far the refults of this calculation
may agree with dire& fa&t. This enormous:
quantity of -caloric, retained by oxygen in its:
combination into aitric acid, explains ‘the caufe"
of the great difengagement of caloric during the -
deflagrations of nitre ; or, more ftritly fpeak-
ing, upon all occafions of the decompofition of
nitric acid.

Of the Combuftion of Wax.

Having examined feveral cafes of fimple com-
buftion, I mean now to give a few examples of
a more complex nature. One pound of wax-ta-
per being allowed to burn flowly in an ice ap-
paratus, melted 133.1667 libs. of ice. Accord-
4ng to my experiments, as given in the Memoirs
- of the Academy for 1784, p. 606, one pound of
wax-taper confifts of 0.8228 /ibs. of carbon, and
©.1772 libs. of hydrogen.

By the foregoing experi-
ments, the above quantity - -
of carbon ought to melt, 79.39390 lids. of ice ;

And the hydrogen
fhould melt - 52.376¢5

Inall 131.76993 /ibs. :
Thus
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Thus, we fee that the quantity of caloric
difengaged from a burning taper, is nearly con-
formable to what was obtained by burning fe-
parately a quantity of carbon and hydrogen
equal to what enters into it§ compofition. Thefe
experiments with the taper were feveral times
repeated, fo that I have reafon to believe them
dccurate. '

Combuftion of Olive-O0il.

We included a burning lamp, containing a
determinate quantity of .olive-oil, in the ordi-
nary apparatus; and, when the experiment
was finifhed, we afcertained exactly the quan-
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dbuftion; whereas the oil had really melted
148.88330 libs. which gives an excefsof 10.54554
in the refult of the experiment, above the cal-
culated refult, from data furnithed by former
experiments.

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 afcertained : It proves, how-
ever, that there is a great agreemen: between
the refults of our experiments, refpeing the
combination of caloric, and thofe which regard
its difengagement.

The following defiderata ftill remain to be
determined ; viz. What quantity of caloric is
retained by oxygen, after combining with me-
tals to convert them into oxyds; What quanti-
ty is 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 refpe& to our prefent determination of this
point, which can only be removed by farther
experiments. We are at prefent occupied with
this inquiry ; and, when thefe feveral points
are well afcertained, which we hope they will
{oon be, we fhall probably be under the necef-
fity of making confiderable corrections upon

L wpoft
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moft of the refults of the experiments and cal-
culations in this chapter. 1 did not, however,
confider this as 3 {ufficient reafon for with-held-
ing fo much as is already known, from fuch as
may be inclined to labour upon the fame fubje&.
It is difficult, in our endeavours to difcover the
principles of a new {cience, to avoid beginning
by conjeCture ; and it is rarely poffible to attajn
perfection at the firft fetting out,
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CHAP X

Of the Combinations of Combuftible Subflances
with each other.

S combutftible fubftances in ‘general have
great affinity for oxygen, they ought
likewife to attra®, or tend to combine with,
each other ; Quea funt eadem uni tertio, funt ¢a-
dem inter fe ; and the axiom is found to be
true. Almoft all the metals, for inftance, are
capable of uniting with each other, and of
forming what are called alloys * in common
language. Moft of thefe, like other chemical
combinations, are fufceptible of feveral degrees
of faturation. The greater number of alloys
are more brittle than the pure metals of which
they are compofed, efpecially when the metals
alloyed together are confiderably different in
L2 their

* This term alloy, which we have from the language
of the arts, ferves exceedingly well for diftinguithing
all the combinations or intimate unions of metals with
each other, and is adopted in our mew nomenclature fof
that purpofe.—A.
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by Mr Gengembre, of taking fire fpontaneouf-
ly upon getting into eontat with atmofpheric
air, or, what an{wers better, with oxygen gas:
This gas has a ftrong flavour, refembling that
of putrid fifh ; and it is very probable that the
phofphorefcent quality of fith, in the ftate of
putrefaction, arifes from the efcape of this fpe-
cies of gas. When hydrogen and carbon are
¢combined together, without the intervention
of caloric to bring the hydrogen into the ftate
of gas, they form oil, which is either fixed or
volatile, according to the proportions of hy-
drogen and carbon in its compofition*. The
chiet difference between fixed or fat oils drawn
from vegetables by expreffion, and volatile or
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In the Memoirs of the Academy for 1784,
P- 593. I gave an account of my experiments
upon the compofition of oil and alkohol, by the
union of hydrogen with carbon, and of their
combination with oxygen. By thefe experi-
ments, it appears that fixed oils combine with
oxygen during combuftion, and are thereby
converted into water and carbonic acid. By
means of calculation, applied to the produés
of thefe experiments, we find that fixed oil
is compofed of 21 parts, by weight, of hydro-
gen combined with 79 parts of carbon. Per-
haps the folid {ubftances of an oily nature, fuch
as wax, contain a proportion of oxygen, to
which they owe their ftate of folidity. I am
at prefent engaged in a feries of experiments,
which 1 hope will throw great light on this fub-
je&t. .

It is worthy of being examined, whether hy-
drogen in its concrete ftate, uncombined with
caloric, be fufceptible of combination with {ul-
phur, phofphorus, and the metals. There is
nothing that we know of, which, a priori,
fhould render thefe combinations impoffible ;
for combuftible bodies being in general fuf-
ceptible of combination with each other, there
is no evident reafon for hydrogen being an ex-
ception to the rule: However, no dire& ex-
periment as yct eftablithes either the poffibi-
lity or impoflibility of this union. Iron and
' "L 4 2inc
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CHAP. XL

Obfervations upon Oxyds and Acids with com-
pound Bafes—and on the Compofition of Ani-
mal and Vegetable Subftances.

E have, in Chap. V. and VIII. examined
W the produds refulting from the combuf-
tion of the four fimple combuftible fubftances,
fulphur, phofphorus, carbon, and hydrogen: We
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It was long ago well known, that, when mu-
riatic and nitric acids were mixed together, a
.compound acid was formed, having properties
quite diftin& from thofe of either of the acids
taken feparately. This acid was called aqua
regia, from its moft celebrated property of dif-
folving gold, called Ring of metals by the alchy-
mifts. Mr Berthollet bas diftinétly proved, that
the peculiar properties of this acid arife from the
combined a&ion of its two acidifiable bafes, and,
for this reafon, we have judged it neceflary to
diftinguifh it by an appropriate name ; that of
nitro-muriatic acid appears extremely applicable,
from its expreffing the nature of the two fub-
ftances which enter into its compofition.

This phenomenon, of a double bafe in one
acid, which had formerly been obferved only in
the nitro-muriatic acid, occurs continually in
the vegetable kingdom ; in which a fimple acid,
or one poflefled of a fingle acidifiable bafe, is
very rarely found. Almoft all the acids pro-
curable from this kingdom have bafes com-
pofed of carben and hydrogen, ot of carbon,
hydrogen, and phofphorus, combined with more
or lefs oxygen. All thefe bafes, whether dou-
ble or triple, are likewife formed inte oxyds,
having lefs oxygen than is neceflary to give
them the properties of acids. The acids and
oxyds from the animal kingdom are ftill more
compound, as their bafes generally confift of a

combination
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¢ombination of carbon, phofphorus, hydrogen,
and azot. '

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
fubje&, which I mean to treat of very fully in
fome memoirs 1 am preparing to lay before the
Academy. Moft of my experiments are al-
ready peformed ; but, to be able to give exa&
reports of the refulting quantities, it is neceffary
that they be carefully repeated, and increafed
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
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termined to retain the old names ptovifionally,
I am fomewhat farther advanced in this inqui-
ry than at the time of publifhing our conjunc
eflay upon chemical nomenclature; yet it would
be improper to draw decided confequences from.
experiments not yet fufficiently precife: Though
I acknowledge that this part of chemiftry ftill
remains in fome degree obfcure, I muft exprefs
my expectations of its being very foon elucida-
ted. :
I am ftill 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-
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pronounce and to be remembered. Befides,
- this part of chemiftry being ftill far from that
accuracy it muft foon attain, the perfeion of
the fcience ought certainly to precede that of
its language ; and we muft fiill, for fome

time, retain the old names for the animal -

oxyds and acids. We have only ventured to
make a few flight modifications of thefe naines,
by changing the termination into ous, when we
have reafon to fuppofe the bafe to be in excefs,
and into ic, when we fufpec that oxygen pre-
dominates.

The following are all the vegetable acids hi.
therto known :

1. Acetous acid. 8. Pyro-mucous acid.
2. Acetic acid. 9. Pyro-lignous acid.
3. Oxalic acid. 10. Gallic acid.

4. Tartarous acid, 11. Benzoic acid.

5. Pyro-tartarous acid., 12. Camphoric acid.
6. Citric acid. 13. Succinic acid.

7. Malic acid.

Though all thefe acids, as has been already
faid, are chiefly, and almoft entirely compofed
of hydrogen, carbon, and oxygen, yet proper-
ly fpeaking, they contain neither water, carbo-
nic acid, nor oil, but only the elements necef-
fary for forming thefe fubftances. The power
of affinity reciprocally exerted by the hydrogen,
sarbon, and oxygen, in thefe acids, is in a ftate

of

k
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of equilibrium, that is only capable of exifting.
in the ordinary temperature of the atmofphere :
For, when they are heated but a very little a-
bove the temperature of boiling water, this equi-
librium'is deftroyed ; part of the oxygen and hy-
drogen unite, and form water ; part of the car-
‘bon and hydrogen combine into oil ; part of the
.carbon and oxygen unite to form carbonic acid ;
and, laftly, there generally remains a fmall por-
tion of carbon, which, being in excefs with re-
fpect to the other ingredients, is left free. I
mean to explain this fubject fomewhat further in
the fucceeding chapter.

The oxyds of the animal kingdom are hither-
to lefs known than thofe from the vegetable king- -
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The connection between the conftituent ele-
ments of the animal oxyds and acids is not
more permanent than in thote from the vege-
table kingdom, as a fmall increafe of tempera-
ture is fufficient to overturn the equilibrium. I
hope to render this fubje® more diftinét in the
following chapter than has been done hitherto.

M CHAP.
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CHAP. XIIL

Of the Decompofition of Vegetable and Animal
Subflances by the AGion of Fire.

EFORE we can thoroughly comprehend

what takes place during the decompofi-
tion of vegetable fubftances by fire, we muft
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
affinity which caloric poffeffes with each of
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with hydrogen or with carbon, has a much
Rronger affinity with carbon, when at the red
lieat *, and then unites with it to furm carbonic
acid.

Although we are far from being able to ap-
preciate all thefe powers of affinity, or to exprefs
their proportional energy by numbers, we are
certain, that, however variable they may be,
when confidered in relation to the quantity of
caloric with which they are combined, they are
all nearly in equilibrium in the ufual tempera-
ture of the atmofphere; hence vegetables nei-
ther contain oil ¥, water, nor carbonic acid,
though they contain all the elements of thefe
fubftances. The hydrogen is not combined
particularly with the oxygen nor with the car-

M2 bon;

* Though this term, red heat, does not indictte any ab-
folutely determinate degree ot temperature, I fhall ufe it
fometimes to exprefs a temperature confiderably above
that of boiling water.—A.

4 I muft be underftood here to fpeak of vegetables redu-
ced to a perfely dry ftate ; and, with refpe& to oil, I do
fot mean that which is procured by expreflion either in
the cold, or in a temperature not exceeding that of boiling
water; | only ailude to the empyreumatic oil procured
by diftillation with a naked fire, in heat fuperior to the
temperature of boiling water ; which is the only oil de-
dlared to be produced by the operation of fire. What 1
bave publifbed upon this fubje&t in the Memoirs of the
Academy for 1786 may be confulted.—A.
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bon; and reciprocally : The particles of thefc
three fubftances form a triple combination, which
remains in equilibrium, while undifturbed by
caloric; but a very flight increafe of tempera-
ture is fufficient to overturn this ftruture of
combination. A ,

If the increafed temperature to which the
vegetable is expofed does not exceed the heat of
boiling water, one part of the hydrogen com.
bines with the oxygen, and forms water; the
reft of the hydrogen combines with a part of
the carbon, and forms volatile oil ; while the
remainder of the carbon, being fet free from its
combination with the other elements ¥, remains
fixed in the bottom of the diftilling veflel.
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hydrogen gas*. In this high temperature, ei-
ther no oil is formed, or if any has been produ-
ced during the lower temperature, at the begin-
ning of the experiment, it is decompofed by the
action of the red heat. Thus the decompofition
of vegetable matter, under a high temperature,
is produced by the a&tion of' double and triple
affinities ; while the carbon attracts the oxygen,
on, purpofe to form carbonic acid, the caloric at-
tracts the hydrogen, and converts it into hydro-
gen gas. '

The diftillation of every f{pecies of ‘vegetable
fubftance confirms the truth of this theory, if
we can give that name to a fimple relation of
fatts.  When fugar is {ubmitted to diftillation,
fo long as we only employ a heat but a little
below that of boiling water, it only lofes its
water of cryftallization, it ftill remains {ugar,
and retains all its properties; but, immediately
upon raifing the heat only a little above that
degree, it becomes blackened, a part of the car-
bon feparates from the combination, water
flightly acidulated paffes over, accompanied by

M 3 a

* The hydrogen gas, produced in this way, is not pure,
but holds a confiderable portion of carbon in folution: It
is carbonated hydrogen gas, called, in the old chemical
language, heavy inflammable air.—T.

!
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a little oil, and the charcoal * which remains in
the retort is nearly a third part of the original
weight of the fugar.

The operation of affinities which takes place,
during the decompofition, by fire, of vegetables
which contain azot, {fuch as the cruciferous
plants, and of thofe containing phofphorus, is
more complicated ; - but. as thefe fubftances on-
ly enter into the compofition of vegetables in
very f{mall quantities, they only, apparently,
produce flight changes upon the produds of dif-
tillation. 'L'he phofphorus feems to combine
with carbon, and, acquiring fixity from that u-
nion, remains behind in the retort ; while the
azot, combining with a part of the hydrogen,
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give almoft the fame produéts in diftillation;
with this difference, that, as they contain a
greater quantity of hydrogen and azot, they
produce more oil and more ammoniac. I fhall
only produce one fa&t as a proof of the exaé-
nefs with which this theory explains all the phe-
nomena that occur during the diftillation of
apimal fubftances ; which is the re&ification,
and total decompofition, of volatile animal oil,
commonly known by the name of Dippels’ oil.
When thefe oils are procured by a firft diftilla-
tion in a naked fire they are brown, from con-
taining a little carbon, almoft in a free ftate;
but they become quite colourlefs by rectifica-
tion: Even in this ftate, the carbon in their
compofition has fo flight a.connection with the
other elements as to feparate from them by
mere expofure to the air. If we put a quanti-
ty of this animal oil, well rectified, and confe-
quently clear, limpid, and tranfparent, .into a
bell-glafs filled with oxgen gas over mercury,
in a fhort time the gas is much diminifhed, be-
ing abforbed by the oil ; the oxygen combining
with the hydrogen of the oil forms water, which
finks to the bottom ; at the fame time the car-
bon, which was combined with the hydrogen,
being fet free, manifefts itfelf by rendering the
oil black. Hence the only way of preferving
- thefe oils colourlefs and tranfparent, is by keep-
ing them in bottles perfedtly full and accurate-
M4 ly
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ly corked, to hinder the conta® of air, which
always difcolours them. -

Succeflive re&ifications of this eil furnifh an-
other phenomenon confirming our theory. In
each diftillation a fmall quantity ef charcoal re-
mains in the retort ; and a little water is forme-
ed, by the union of the oxygen contained in
the air of the diftilling veflels with the hydro-
gen of the oil. As this takes place in each fuc-
ceflive diftillation, if we make ufe of large vef-
fels and a confiderable degree of heat, we at laft
decompofe the whole of the oil, and change it
entirely into water and charcoal. When we .
ufe fmall veflels, and efpecially when we em-
ploy a flow fire, or a degree of heat only a little
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CHAP. XIIIL

Of-the Decompofition of Wegetable Oxyds by the
Vinous Fermentation.

HE manner in which wine, cyder, mead,

and all the liquors formed by the fpiri-

tous fermentation, are produced, is 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 54.5° of the
thermometer. A rapid inteftine motion, or fer-
mentation, very foon takes places, numerous
globules form in the liquid and burft at the fur-
face ; when the jfermentation is at its height,
the quantity of gas difengaged is fc great as to
make the liquor appear as if boiling violently
over a fire. When this gas is carefully gather-
ed, it is found to be carbonic acid perfedtly
pure *, and free from admixture with any other

fpecies of air or gas.
When

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

conftantly,
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When the 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 inflammable liquor,
known in commerce under the name of Spjrit
of Wine. As this liquor is produced by the fer-
mwentztion of any faccharine matter whatever
diluted with water, it muft have been contrary
to the principles of our nomenclature to call
it {pirit 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 feems extremely proper for the

purpofe. .
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We may lay it down as an inconteftible
exiom, that, in all the operations of art and
nature, nothing is created ; an equal quantity
of matter exifts both before and after the expe-.
riment ; the quality and quantity of the ele-
ments remain precifely the fame: and nothing
takes place beyond changes and modifications
in the combinations of thefe elements. Upon
this principle, the whole art of performing che-
mical experiments depends : We muft’ always
fuppofe an exa& equality between the elements
of the body examined, and thofe of the produéts
of its analyfis. ‘

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

ledge

* In this affertion the confequences do not ftrilly fol.
low from the premifes; becaufe from the muft of grapes
we procure carbonic acid and alkohol, it is a neceffary con-
fequence that the original muft contains the conftituent
elements of carbonic acid and of alkohol, but not that
fhefe produds of fermentation are already formed.~T.
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ledge of either of thefe muft lead to accurate
conclufions concerning the nature and compo-
fition of the other. From thefe confiderations,
it became neceflary accurately to determine the
conftituent elements of the fermentable fubftan-
ces ; and, for this purpofe, I did not make ufe
of the compound juices of fruits, the rigorous
analyfis of which is perhaps impoffible, but made
choice of fugar, which is eafily analyfed, and"
the nature of which I have already explained.
This fubftance is a true vegetable oxyd with
two bafes, compofed of hydrogen and carbon,
brought to the ftate of an oxyd, by means of a .
certain proportion of oxygen ; and thefe three
elements are combined in fuch a way, that a
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tion *. This is accomplithed by means of a
little yeaft from beer ; and, when the ferrfénta-
tion is once excited, it continues of itfelf until
completed. I fhall, in another place, give an ac-
count of the effets of yeaft, and other ferments,
upon fermentable fubftances. I have ufually
employed 10 libs. of yeaft, in the ftate of patfte,
for each 100 libs. of {fugar, with as much water
as is four times the weight of the fugar. I fhall
give the refults of my experiments exactly as
they were obtained, preferving even the frattions
produced by calculation.

TABLE

\

& This is not ftri@ly true ; for, efpecially in warm wea-
thers, all fyrups are apt to run into fermentation, unlefs
very rich of the fugar, and carefully preferved. At the
fame time, this fpontaneous fermentation is not fo regular
as when affifted by yeaft, and is apt to become in part
acetous, before completing the vinous procefs.—T.
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Tasix III.  Recapitulation of thefe Elements.

' _ libs.
[ of the water 340. :
g_ of the water Ibs.
;.{ in the yeaft 6.1532769 >411.79702326
O | of the fugar 64. .
| of the dry yeaft 1.6437457
" of the water 6o.
§, of the water
59 inthe yeaft 1.0858734 $ 69.3759440
> | of the fugar 8.
& Lof thedry yeaft 0.3900%716
T of the fugar a8.
38 {of the yeaft 0.7876519 ’8,‘7876“?
Azot of the yeaft - - 0.0393815§

Inall s10. /ids,

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

could

* The aboye apparatus is defcribed in the Third Part.
—A. )
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could even weigh every one of the produds fe- -
parately, 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 tem-
perature of from 66° to 73° of the thermome-
ter, the firft marks of fermentation commence ;
the liquor turns thick and frothy, little globules
of air are difengaged, which rife and burft at
the furface; the quantity of thefe globules
quickly increafes, and there is a rapid and abun-
dant production of very pure carbonic acid, ac-
companied with a fcum, which is the yeaft fe-
parating from the mixture. After fome days,
lefs or more according to the dégree of heat,
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TasLe IV. Prodults of Fermentation.

lsbs.
.3458316 Xibs. of carbo-
35-345511 e :cid?:om- Oxygen 25.449001%
pofed of Carbon - 9.8968099
408.9780816 Xbs. of water, § Oxygen - 347.6314019
compofed of ’ {Hydrogcn - 61.3466797

57.7016059 kbs. of dry al-
kohol, compo- <
fed of

Oxygen, combined

with hydrogen 31.38975%0
Hydrogen, combi-

ned with oxygen 5.5393880
Hydrogen, combi-

ned with carbon  4.0390625
Carbon, combined
[ with hydrogen 16.7333984
2.5000000 Jds. of dry ace- {Hydrogen -  o.1562500
* tous acid, com- {Oxygen - 1.71875¢0
pofed of Carbon - 0.6250000
4.0940755 kbs. of refiduum [Hydrogen =~  0.33%58a5
of fugar, com- { Oxygen - 2.6201172
pofed of Carbon - 1.1463758
Hydrogen -~ 0.1450738
1.3804234 /ibs.of dry yeaft, ] Oxygen -~ 0.821831%
compofed of ] Carbon - 0.3938802
Azot - 0.0196397
$10 &ibs, s10 libs.
N TABLE
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two and two together, tq form water and carbo-
nic acid. .

The effe@s of the vinous fermentation upon
fugar js thus reduced to the mere feparation of
its elements ipto two portions ; one part is oxy-
genated at the expence of the other, fa as to
form carbonic acid, while the other part, being
difoxygenated in favour of the former, is con-
verted into the combuftible fubftance called al-
kohol ; therefore, if it were poffible to re-unite
alkohol and carbonic acid together, we ought
to form fugar. It is evident that the carbon
and hydrogen in the alkoho] do not exift in the
ftate of oil, but that they are combined with a
portion of oxygen, which renders them mifci-
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proper for compofing it. It may be readily con-
‘ceived, that it muft have coft me a good deal to
abandon my firft notions; but by feveral years
refletion, and after a great number of experi-
ments and obfervations upon vegetable fubftan.
ces, I have fixed my ideas as above.

I thall finith what I have to fay upon vinous
fermentation, by obferving, that it furnifhes us
with the means of analyfing fugar and every
vegetable fermentable matter. We may con-
fider the fubftances fubmitted to fermentation,
and the produé@s refulting from that operation,
as forming an algebraic equation ; and, by fuc-
ceflively fuppofing each of the elements in this
equation unknown, we can calculate their values
in fucceffion, and thus verify our experiments by
calculation, and our calculations by experiment,
reciprocally. I have often fuccefsfully employ-
ed this method for corre&ting the firft refults
of my experiments, and to diret me in the pro-
per road for repeating them to advantage. I
have explained myfelf more at large upon this
fubje®, in a Memoir upon vinous fermentation
already prefented to the Academy, and which
will {peedily be publifhed.

N3 CHAP.
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CHAP. XIV.

Of the Putrefattive Fermentation.

HE phenomena of putrefaction are caufed,

like thofe of vinous fermentation, by the
operation of extremely complicated affinities.
The contftituent elements, of the bodies which
are fubmitted to this procefs, ceafe to continue
in equilibrium, in their original threefold com-
bination, and form themf{elves anew into binary.
combinations *, or compounds confifting of two
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terials have been mixed with a fufficient quan-
tity of water, nothing remains but the earth of
the vegetable, mixed with a fmall portion of
charcoal and iron. Thus, putrefa&ion is no-
thing more than ‘a complete analyfis of vege-
table fubftance ; during which the whole of the
conftituent elements is difengaged in form of gas,
#xcept the earth, which remains in the ftate of
mould *, :
Such is the refult of putrefa@ion, when the
Iubftances fubmitted to it contain only oxygen,
hydrogen, carbon, and a little earth. But
this cafe is rare, and thefe fubftances putrify
imperfe@ly and with difficulty, and require a
confiderable time to complete their putrefac-
tion. It is otherwife with fubftances containing
azot, which indeed exifts in all animal matters,
and even in a confiderable number of vegetable
fubftances. This additional element is remark-
ably favourable to putrefaction; and for this
reafon, animal matter is mixed with vegetable,
when the putrefaction of thefe is withed to be
haftened. The whole art of forming compofts
and dunghills, for the purpofes of agriculture,
confifts in the proper application of this admix-
ture. :
N4 The

# In the Third Part will be given the defcription of an
spparatus proper for being ufed in experiments of this
kind-—An
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The addition of azet to the materials of putre-
faction not only accelerates the procefs, but that
clement likewife combines with part of the
hydrogen, and forms a new f{ubftance, called
volatile alkgli, ot ammoniac. The refults ob-
tained by analyfing animal matters, by different
procefles, leave no room for doubt with regard
to the conftituent elements of ammoniac ; for,,
whenever the azot has been previoufly feparated
from thefe {ubftances, no ammoniac is produced,
and in all cafes they furnith ammoniac only in
proportion to the azot they contain. This com-
pofition of ammoniac is likewife fully proved by
Mr Berthollet, in the Memoirs of the Academy
for 1781, p. 316. where he gives a variety of
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the phofphorated {mells exactly like putrid fifh.
. Ammoniac has likewife a peculiar odour, not
lefs penctrating or lefs difagreeable than thefc
other gaflfes. From the mixture of thefe differ-
ent flavours proceeds the fetor which always ac-
companies the putrefattion of animal fubftan-
. ces. Sometimes the ammoniac predominates,
which is eafily perceived by its fharpnefs upon
the eyes ; fometimes, as in feculent matters, the
fulphurated gas is moft prevalent; and fome-
times, as in putrid herrings, the phofphorated
hydrogen gas is moft abundant.

I long fuppofed that nothing could derange
or interrupt the courfe of putrefadtion; but
Mr Fourcroy and Mr Thouret have obferved
fome peculiar phenomena in dead bodies, bu-
ried at a certain depth, and preferved to a cer-
tain degree, from conta& with air; having
found the mufcular flefh frequently converted
into true animal fat*, This muft have arifen
from the difengagement, by fome unknown
caufe, of the azot, naturally contained in the
animal fubftance, leaving only the hydrogen
and carbon remaining, which are the elements
proper for producing fat or oil. This obferva-

tion,

_® This procefs has been lately imitated artiticially ; and
the fatty fubftance, exa&ly fimilar in all refpcés to Sper-
maceti, can be readily made from the fleth or mufculas

parts of all animal bodies.—T.
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tion, on the poffibility of converting animal {ub.
ftances into fat, may fome time or other lead to
difcoveries of great importance to fociety. The
teces of animals, and other excrementitious
matters, are chiefly compofed of carbon and
hydrogen, and approach confiderably to the na-
ture of oil, of which they furnifh a confiderable
quantity by diftillation with a naked fire ; but the-
intolerable feetor, which accompanies all the pro-
ducs of thefe fubftances, prevents our expeing
that, at leaft for a long time, they can be render-
ed ufeful in any other way than as manures.

I have only given conjettural approximations
in this chapter, upon the compofition of animal
fubftances, which is hitherto imperfe@ly under-
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CHAP. XV.

Of the Acetous Fermentation.

HE acetous fermentation is nothing more
than the acidification or oxygenation of
wine *, produced in the open air, by means of
the abforption of oxygen. The refulting acid
is the acetous acid, commonly called Vinegar,
which is compofed of hydrogen and carbon u-
pited together in proportions not yet afcertain-
ed, and changed into the acid ftate by oxygen.
As vinegar is an acid, we might conclude from
analogy, that it contains oxygen, but this is
put beyond doubt by dire& experiments: In
the firft place, we cannot change wine into vine-
gar without the conta& of air containing oxy-
gen ; fecondly, this procefs is accompanied by
a diminution of the volume of the air in which
it is carried on, from the abforption of its oxy-
gen; and thirdly, wine may be changed into
vinegar, by any other means of oxygenation.
Independent

* The word Wine, in this chapter, is ufed to fignify the
liquor produced by the vinous fermentation, whatever ve-
getable fubftance may have been ufed for obtaining it.—T.
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Although the principal facts relating to the °
acetous acid are well known, yet numerical pre-
cifion is ftill wanting, until furnifhed by more
exa&t experiments than any hitherto perform-
ed ; wherefore I fhall not enlarge any farther
upon the fubje@. It is fufficiently fhewn by
what has been faid, that the conftitution of 4ll
the vegetable acids and oxyds is exactly con-
formable to the formation of vinegar ; but far-
ther experiments are neceflary to teach us the
proportion of the conftituent elements in all
thefe acids and oxyds. We may eafily per-
ceive, however, that this part of chemiftry, like
all the reft of its divifions, makes rapid progrefs
towards perfection, and that it is already ren-

dered greatly more fimple than was formerly be-
Jieved,

e CHAP.
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CHAP. XVL

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

E have juft feen, that all the oxyds and

acids from the animal and vegetable
kingdoms are formed from a{mall number of
fimple elements, by means of combination with )
oxygen, or at leaft from fuch bodies as have not
hitherto been fufceptible of decompofition, and
which muft therefore be confidered as fimple {ub-
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dofe of oxygen employed for oxydating or aci-
difying them. We fhall find the means no lefs
fimple and diverfified, and as abundantly pro-
dudtive of forms and qualities, in the order of
bodies we are now about to treat of.

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

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

therefore
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therefore be termed compounds. Hence I fhall
not arrange the alkalies * or earths in the clafs
of falts, to which I allot only fuch as are com-
pofed of an oxygenated fubftance united to a fa-
lifiable bafe.

I have already enlarged {ufficiently upon the
formation of acids in the preceding chapter, and
fhall not add any thing farther upon that fub-
je€t ; but having as yet taken no notice of the
falifiable bafes which are capable of uniting
with them to form neutral falts, I mean, in this
chapter, to give an account of the nature and
origin of each of thefe bafes: Thefe are potath,
foda, ammoniac, lime, magnefia, barytes, argill },
and all the metallic bodies.
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_ In diftilling vefTels, its component elcments, oxy-
gen, hydrogen, and carbon, which formed a
threefold combination in a ftate of equilibrium,
unite two and two, in obedience to affinities
which a& conformable to the degree of heat
employed. Thus, at the firft application of the
fire, whenever the heat produced exceeds the
temperature of boiling water, part of the oxy-
gen 3nd hydrogen unite to form water ; foon
after, the reft of the hydrogen and part of the
carbon combine into oil ; and, laftly, when the
fire is puflied to the red heat, the oil and wa-
ter, which had been formed in the early part
of the procefs, become again decompofed, the
oxygen and part of the carbon unite to 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 combuftiop of vegetables in the open
air; but, in this cafe, the prefence of the air
jntroduces three new. fubftances, the oxygen
and azot of the air, and caloric, and, of thefe,
two at leaft produce confiderable changes in the
refults of the operation. In proportion as the
hydrogen of the vegetable, or that which a-
tifes from the decompofition of the water, js
forced out in the form of hydrogen gas by the
progrefs of the fire, it is fet on firc immediately
upon getting into contac with the air, water is

sgain formed, and the greater part of the calo-.
Q ric
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ric of the two gaflfes becoming free produces
flame. When all the hydrogen gas is driven
out, burnt, and again reduced to water, the re-
maining carbon continues to burn, but without
flame ; it is formed into carbonic acid, which
carries off a portion of caloric fufficient to give
it the gaffeous form ; the reft of the caloric,
from the oxygen of the air, being fet free, pro-
duces the heat and light obferved during the
combutftion of the carbon. The whole vegetable
is thus reduced to water and carbonic acid, and
nothing remains but a fmall portion of grey ear-
thy matter called a(hes, being the only really fix-
ed principles which enter into the conftitution’
of vegetables. . o
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The potafh ~btained by this procefs is always
lefs or more faturated with carbonic acid, which
is eafily accounted for : As the potath does pot

Aform, or at leaft is not fet free, but in propor-
tion as the carbon of the vegetable is converted-
into carbonic acid by the addition of oxygen,
either from the air or the water, it follows, that
each particle of potafh, at the inftant of its for-
mation, or at leaft of its liberation, is in conta®
with a particle of carbonic acid, and as there is _
a confiderable affinity between thefe two fub-
ftances, they paturally combine together. Al-
though the carbonic acid has Iefs affinity with
potath than any other acid, yet it is difficult to
feparate the laft portions from it. The moft
ufual method of accomplifhing this is to diffolve
the potath in water, to this folution two or
three times its weight of quicklime are added,
then the liquor is filtrated, and evaporated in
clofe veflels ; the faline .fubftance left by the
evaporation is potafh almoft entirely deprived of
carbonic acid. In this ftate it is foluble in an
equal weight of water, and even attralls the
moifture of the air with great avidity ; by this
property it furnifhes us with an excellent means
of rendering air or gas dry by expofing them to
its action. In this ftate, it is foluble in alko-
hol, though not when combined with carbonic
acid ; and Mr Berthollet employs this property
as 2 method of procuring potafh in the ftate of
perfe& purity.

02 Al
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All vegetables yield lefs or more of potafh in
confequence of combuftion, but it is furnithed
in various degrees of purity by different vege-
tables ; ufually, indeed, from whatever fource
it be procured, it is mixed with different falts,
from which, however, it is eafily feparable. We
can hardly entertain a doubt that the afhes, or
carth, which is left by vegetables in combuftion,
pre-exifted in them before they were burnt,
forming what may be called the fkeleton, or
offeous part of the vegetable. But it is quite
otherwife with potafh ; this fubftance has never
yet been procured from vegetables but by means
of procefles or intermedia capable of furnithing
oxygen and azot, fuch as combuftion, or by
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binations which are proper to each, and confe-
quently diftinguith them from each other ; thus
foda, which, as obtained from marine plants, is
ufually entirely faturated with carbonic acid,
does not attra® the humidity of the atmofphere
like potath, but, on the contrary, it deficcates,
its cryftals efflorefce, and are converted into a
white powder having all the properties of foda,
which it really is, having only loft its water of
cryftallization.
. Hitherto we are not better acquainted with
the conftituent elements of foda than with thofe
of potafh, being equally uncertain whether it
previoufly exifted ready formed in the vegetable,
or if it be a combination of elements effe&ed by
combuftion. Analogy leads us to fufped that
azot is a conftituent element of all the alkalies,
as is the cafe with ammoniac ; but we have only
flight prefumptions, unconfirmed by any decifive
experiments, refpecting the compofition of pot-
afh and foda ¥,

03 §3. 0

® Theve ate fome experiments related in the Tranfac-
&ions of the Turin Academy, which give reafon for fup-
pofing that feda is a modification of magnefia : This latter
{fubftance, according to the experiments detailed by Baron
Born, and meationed in the additional fe@ion of this chap-
ter, fecms to be a metallic oxyd. From analogy, we may
prefume that potath is likewife a metallic fubftance, in
fome hitherto unknown ftate of combination. We fhall
thus exclude all the alkalies from the clafs of fimple ele-

mentary fubflangessT'
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§ 3- Of Ammoniac.

We have, however, very accurate knowledge
of the compofition of .ammoniac or volatile al-
kali, as it is called by the old chemifts. Mr
Berthollet, in the memoirs of the Academy for
1784, p. 316. has proved by analyfis, that 1000
parts of this fubftance confift of about 807 parts
of azot combined with 193 parts of hydrogen.

Ammoniac is chiefly procurable from animal
fubftances by diftillation, during which procef}
the azot and hydrogen neceflary 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
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§ 4. ~ Of Lime, Magnefia, Barytes, and Argill.

The compofition of thefe four earths is totally
unknown, and, until by new difcoveries their
conftituent elements are afcertained, we are cer-
tainly authorifed tq confider them as fimple bo-
dies. Art has nd fhare in the produ&ion of
thefe earths, as they are all procured ready
formed from nature; but, as they have all, e--
fpecially the three firft, great tendency to com-
bination, . they are never found pure. Lime is
ufually faturated with carbonic acid in the ftate
-of chalk, calcareous fpars, moft of the marbles,
&c.; fometimes with fulphuric acid, as in gypfum
and plafter ftones; at other times with fluoric
acid forming vitreous or fluor fpars; and, lattly,
.t is found in the waters of the fea, and of f{aline
{prings, combined with muriatic acid. Of all the
falifiable bafes, it is the moft univqifally {pread
.through nature.

Magnéfia is found in mineral waters, for the
.moft part combined with fulphuric acid ; it is
" likewifeabundant in fea-water, united with muri-

: O4 atic

French chemifts. Lixa, troma, and ammona, are equally
convenient for ufe as potafla or potath, foda, and ammo-
niac, and they are not fo apt to lead into miftakes; for the
words of the new French chemical nomenclatare have teo

“much refemblance to old terms ufed for very different fub-
flances, or at leaft for very different ftates, in a chemical
Hght, of the fame fubftances, —T.
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atic acid ; and it exifts in 8 great number of
ftones of different kinds.

Barytes is much lefs common than the two
preceding earths ; it 1 found in the mineral king-
dom, combined with fulphuric acid, forming
heavy fpars, and fometiines, though rarely, uni-
ted to carbonic acid.

Argill,*or the bafe of alum, having lefs ten.
dency to combination with the other earths, is
often found in the ftate of argill, uncombined
with any acid. It is chiefly procurable from
clays, of which, properly fpeaking, it is the bafe,
or chief ingredient ®, 4

“ On the 4th of November 1793, Dr Hape,
now affocjated in the Edinburgh chemical chair
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count of this important difcovery cannot be given;
for which the redder is referred to the Tranfac-
tions of the Royal Society of Edinburgh Stron-
tites has a pungent acrid tafte ; is foluble both in
hot and cold water, but much more fo in hot,
from which it ¢ryftalizes in cooling ; its cold fo-
Jutions attra& carbonic acid from the atmofphere,
form a cruft of carbonate of Strontites on the fur-
face, which breaks and falls to the bottom, ex-
adlly as in lime, and is rediffolved by an excefs
of acid. Strontites combines with the various
acids, forming neutral falts; and poffeffes diffe-
rent affinities with the acids from the other known
earths. One of its moft remarkable properties,
both when pure and in combination with the
acids, is that of tinging the flame of combutftible
bodies of a deep blood red colour ; to produce
which effe®, however, fome moifture muit be
prefent. The order of affinities of the principal
acids with Strontites, as determined by Dr Hope’s
experiments, is as follows :

Sulphuric, Nitric. Acetous.
Oxalic. Muriatic. Arfeniac.
Tartarous. Succinic. Boracic.
Fluoric. Phofphoric. ~ Carbonic.

Its order of affinities with the feveral acids,
relative to the other falifiable bafes, fo far as af-
certained by Dr Hope, are inferted in the refpec-
tive tables in Part I1*.”

§5-Of

* The whole of this account of Strontites, was added by
the tranflator to the third Edition.—T.
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§s5. OF Metallic‘ Bodies.

The metals, except 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, arfenic, fulphuric acid, muriatic acid, car-
bonic acid, or photphoric acid. Metallurgy, or
the docimattic art, teaches the means of fepara-
ting them from thefe foreign matters ; and for
this purpofe we refer to'fuch chemical books as
treat upon thefe operations.

We are probably only acquainted as yet with
a part of the metallic fubftances exifting in na-
ture, as all thofe which have a ftronger affinity
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metallic or reguline ftate, are the following fe-
venteen.

Lw’:; Names.

Englifb Names.
1. Arfenicum «  Arfenic.
2. Molybdenum -  Molybdena.
3. Tungftenum -  Tungfein.
4 Manganefum - Manganefe.
5. Nickolum -  Nickel
6. Cobaltum = - Cobalt.
7. Bifmuthum - Bifmuth.
§. Antimonium -  Amntimony.
9. Zincum - ZLinc.
10. Ferrum - Iron.
11. Stannum - Tin.
12. Plumbum - Lead,
13. Cuprum - Copper.
14. Mercurium - - Mercury.
15. Argentum - Silver.
. 16 Aurum - Gold.
17. Platinum - Platina.

I only mean to confider thefe as falifiable bafes,
without entering at all upon the confideration of
their properties in the arts, and for the ufes of
fociety. In thefe points of view each metal
would require a' complete treatife, which would
lead me far beyond the bounds I have prefcribed
for this work.

§6. 0F
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§ 6. Of the Mctallic Nature of the Eartbs®,

In the laboratory of the Academy of the mines
at Chemnitz in Lower Hungary, fome experi-
ments have been lately made, by Meflrs Tondi
and Ruprecht, by which the number of the me-
tals feems to be confiderably augmented. Befides
afcertaining the real metallic nature of Tung-
ftein, Molybdena, and Manganefe, which fome
chemifts had doubted, but all of which have
been reduced to the reguline form by thefe two
chemifts, they have fucceeded in procuting me-
tallic reguli from Chalk, Magnefia, and Barytes,
Of thefe experiménts it may be proper to give
fome account in this place, from the defcription
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colour and uniform metallic luftre; its texture
is lamellated, compofed of large diftin& lamellz,
which crofs each other; it is brittle, but not
hard, and readily takes a polifh ; is attratted by
the magnet, notwithftanding every poffible pre-
caution to feparate any martial oxyd which might
have previoufly been mixed with the mineral,
The fpecific gravity of this new metal is 6.744,
water being taken as unity.

Magnefa.

By treating the carbonat of magnefia in the
fame manner, they obtained a convex lump ar
globule of metallic regulus, of a bright grey co-
lour, fimilar to platina which has not been fully
purified from iron. This regulus is harder than
thofe obtained from tungfiein or molybdena, it
is granular and fomewhat firiated in its texture
when broken, and is not affeGted by the magnet.
Its fpecific gravity, and other properties have
not yet been afcertained.

Chalk.

By the fame method of proceeding, a reguluf
has likewife been procured from carbonat of
chalk. The button was convex and very com-
pact in its texture ; in colour and lufture it came
very near to the appearance of platina, and it
took a fine polifh. Its fpecific gravity, and che-

mical
x
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mical relations, have not yet been afcertained by
experiment.

Thefe experiments have been frequently re-
peated by the above-mentioned gentlemen, and
always with the fame refults. Should they e-
ventually be confirmed by rigorous examina-
tion, a new light will be thrown on feveral of
the moft difficult parts of chemiftry by thefe dife
coveries, which have already been in a great
meafure predicted, by the conjecure of Mr La-
voifier, who fuppofes that thofe fubftances, which
have long been confidered as primitive earths,
are only metallic oxyds combined with oxygen,
and that their redu®ion has hitherto been pre-
vented by the attra@ion which fubfifts between
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“ and improvement from their influence. Per-
¢ haps gold and filver are the only pure metal-
¢ lic fubftances hitherto known, as it is proba-
“ ble, that fome part of the, till now unknown,
“ metals, from the earths employed for facilita-
“ ting the fmelting of ores, may mix with the
“ metals which we extra& from thefe ores, and
% debafe them ; fo that, inftead of fimple or
“ pure metals, which they were formerly con-
¢ fidered, thefe may only be alloys, of the in-
« gredients of which we are ftill ignorant. Per-
“ haps the regulus of barytes and of chalk are
* {oluble in the fame acids, and precipitated by
“ the fame ele®ive attractions, as the regulus
“ of copper, which may be the caufe of this
“ mixture not being hitherto fufpected. From
“ this mixture, or alloyage, the harfhnefs and
«¢ greater or leffer du@ility of iron, copper, tin,
« and other metals, may be derived. All thefe
“ conjectures can only be afcertained ‘or reject-
 ed, when all thefe newly difcovered metals
‘¢ thall have been properly examined, and their
‘¢ chemical affinities compared accurately with
* thofe of the mctals already known, and with
* each other. One thing feems highly proba-
¢ ble, that one or other of thefe new metals
¢ will precipitate fome of the other metals from
“ folutions in a metallic form, and by this pro-
¢ perty many metallurgic procefles may become
% greatly facilitated and abridged.”

-

-

Thefe
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Thefe difcoveries give reafon to hope that
chemiftry may one day arrive at a moft beauti-
ful ftate of fimplicity. It is perhaps no im-
probable conjeGure, that all the bodies in na-
ture may be referred to one clafs of fimple com-
buftible elementary fubftances, to oxygen, and
to caloric ; and that, from the various combi-
nations of thefe with each other, all the variety
preduced by nature and art may arife. The on-
ly known difference hetween metals and pure
combuftibles, as they are called, is in degrees of
qualities : They are al] combuttible, that is, they
all combine with oxygen, though under differ-
ent degrees of temperature : They are ali folid,
or liquid, or aérifom, fixed or volatile at differ-
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excluded from a clafs with- which they agree
in fo many particulars, becaufe their points -of
fufion and volatility are perhaps as many degrees
below thofe belonging to mercury -as this latter
falls thort of thofe of iron; or why fhould car-
bon, fulphur, and phofphorus, not be confidered
as metals, becaufe their {pecific gravity, and luf-
tre, and duility, differ .from the bodies called
metals, which differ fo much in thefe particulars

among themfelves ? ‘
To thefe three new metals Mr Tondi withes
to give the names of borbonium, for the regulus
of barytes ; auftrum, for the regulus from mag-
nefia; and parthenum for that of chalk. It
were hard to deny a difcoverer the right of gi-
ving names to his own difcoveries, without fome
reafonable objecion; but thefe names would
introduce confufion into chemical nomencla.
ture, which it has been the great objett of the
French chemifts to reform, and render regular;
wherefore I would propofe that they fhould be
. named barytum, magnefium, and calcum : Thefe
accord with the reformed old names of the fub-
ftances from which they are procured, merely
by changing to the neuter gender, in which all
the names of the metals .are placed in the new
nomenclature, and then the three, formerly cal-
led earths, will be oxyds of thefe metals refpec-
tively, or baryta, magnefia, and calca, if fingle
terms are preferred, thefe latter being in the femi-
‘ P nine
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“Thefe may be divided: into thice geners, tiie
achreous; the fpathiform, and the mniineralized,
or ore. ‘The ochreous, or uranite ochre, called
uranit-oker, in the German language, is of a lé-
mon yellow colour of vatibus fhades; and being
frequently tiore or - léfb mixed with, iron ochre,
its colenr is theréby changed to various fhades
of brown ; fometimes It is in a powdery ftate,
and at othier times it is caked togethet in rhaffes
of different degrees of comipacinefs ; it is gete-
rally found covering or adhering to pieces of
the mineralized uranite. The fpathiform, or
uranite fpar, called in ‘German uranit-fpath, the
chalkolith of Mr Wetner, is generally of a deep
grafs green colour, fometimeés verging to a filver
white, and 4t other times to a light yellowifh
green ; it is fometimés compac and irregular in
its form, and is fometimes cryftallized in fmall
thining fquare and tranfparent tables, which ate
occafiofially fo thick as to be almoft cubes;
thefe cryftals are lamellated in the fraGure, and
feel foft to the touch ; they are often found in
fpots, fcatteted over the fuiface of micaceous
fhift, granite, or a mixture of quartz and black
uranite ore. Both the ochre and fpar diflolve en-
tirely in nitric acid. ‘The mineralized, or uranite
ore, called in German uranit-erz, pech-blende, or
pech-erz, is of a dark black-brown colour} it is to-
lerably hard, has a greafy luftre, breaks compact,
and is black where {cratched ; it is very heavy,

P2 the
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‘CHAP “XVIL _’" ¢

tes st
1 . b e

Contmuanon of the Obfervatwn: upon S‘al ifiable
Bq/'e:, aml tbe Far'mamn of Neﬂtra{ Salt.r. ‘

vty e = ... '

-

IT xs neceﬁ'ary to remark that eart'hs ‘and al-
kalies” unite thh acids to form rieutral
falts thhout ‘the . mterventro of any medmm,
twhereas metallic’ fub&anccs are mcapab]e of
'formmg this combmatxon, wrthout bemg pre-
_vioufly Tefs or moré oxygenated i’cu&fy fpeak-
ing, therefore, metals are’ not Ioluble in acnds,
‘but only metalfic otyds. Hence, when ‘2 me-
tal is’put into an ac:d for folutron, it is neceﬁ'ary,
in the ﬁrft place, that i’; become oxygenated
uther by‘attta&mg osygen from the acid, or
from the water ‘with ?vhlch the acnd is dxlufed 5
or, in other words th ta metal canno‘f. Be'tif-
folved in 4an acrd unleﬁ the oxygen, eE! df
the acid, or of the water uuxe4 jﬁ it, has a
ﬁrqnger aﬁimty to. the metal than 3 the hi drb—
_gen or the’ acndxﬁaﬁle bafe or wh‘at'iﬂt‘o\f t4'to
the fame thing, ' thgt no hetalllc dolbiien'en
take place, yvxthout ] pre’vfous “dectfiipbfition of
the Water, 8t 0P tie acid in' whidH3e39 e, ‘I‘he
explanation of the principal phenomena of me-

P3 tallic
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tallic diffolution depends entirely on this fimple
obfervation, which was overlooked even by the
illuftrious Bergman.
The firft and moft ftriking of thele phenome-
na is the effervefcence, or, to fpeak lefs equivo-
cally, the difengagement of gas, which takes
place during the folution ; in the folutions made
in nitric acid, this effervelcence is produced by
the difengagement of nitrous gas; in folutions
with fulpburic acid it is either fulphurous acid
gas or hy ydrogen gas, accordmg as the oxydation
of the metal happens to be made at the ex-
I pence “of 'the fuf phuric acid or of the water.
"As bothi nitric agxd and water are compofed of
elemcnt.s, whxch, yshen fe?arate, can only exift
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perature, it is difengaged, and occafions effer-
vefcence.

The fecond obfenable phenomenon is, that,
when the metals have been previoufly oxydated,
they all diffolve in acids without effervefcence :
This is eafily explained ; Abecaufe, not having now
any occafion far combining with oxygen, they
neither decompofe, the acid nor the water, by
which decompofition, in the former cafe, the
effervefcence is occafioned.

A third phenomanpn, which requires pam-
cular confidergtion, is, that none of the metals
produce eﬁ'en'efcence -by folution in oxygenat-
ed muriatic acid. During this procefs the me-
tal, in the firt place, carries off the excefs of
oxygen from the oxygenated muriatic acid, by
which it becomes oxydated, and reduces the
acid to the ftate of _ordinary muriatic acid. In
this.cafe there is no produ®ion of gas; not that
the muriatic acid does not tend to exift in the
gafleous ftate in.the cammon temperature, whxch
it does equally with the acids formerly mention.
ed, but becaufe this acid, which otherwife would
expand into gas, finds more water combined with
the oxygenated muriatic acid than is neceffary
to retain it in the liquid form ; hence it does not
difengage like the fulphurous acid, but remains,
and quietly diffolves and combines thh the me-
tallic oxyd previoufly formed from its fuperabun-
dant oxygen.

P4 The
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The fourth phenomenon worthy of notice is,
that metals are abfolutely infoluble in fuch acids
as have their bafes joined to oxygen by a ftrong-
er affinity than thefe metals are capable of ex-
erting upon that acidifying principle. Hence
filver, mercury, and lead, in their metallic ftates,
are infoluble in muriatic acid, but, when previ-
oufly oxydated, they become readily foluble
without effervefcence. ' h 4

From thefe phenoména it appears that oxy-’
gen is the bond of #nion between metals and
acids ; and from this we are lead to fuppofe that
oxygen is contained inall fubffances'which have
a ftrong affinity with acids: Hence it is very pro-
bable that the four eminently falifiable earths
contain oxygen, and that their capability of u-
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menclature, are placed ; the third contains the
bafes or radicals of thefe acids.

Table of all the known Acids. ..

Latin Names. Englifp Names. “Bafes.
1. Acidum fulphurofum Sulphyrous acid -
2 — ﬁut:g‘l}uncum Snl huric
3. = phofphorofum Phofphorous L
§o — phofphoncum ‘Phofphoric - Phofp borus

Sulphur

[  moriaticum  Muriatic Usk +
6. —~— oxygenatum *Oxygenated muriatic fkaown
7. — nitrofum Nitroys .
8. — nftricum Nitric }Azot.
9. -oxygenatum § OQxygenated mtnc _
10. — carbonicum Carbonic " |  Carbon -
11. acetofum Acetons T
12. — aceticum " Acetic
1 3.‘——p oxalicum Oxahc
14. — tartarofum  * Tartayous o
1 5. —— pyro-tartarofum Pyro-tartarous | S go-op:}m da
16. —— citricum Citric ce U0 18
19jv—- malicum Malic
18. —— pyro-lignofum Pyro-lignous
19. —— pyro-mucofum Pyro-mucous J

;20 Acidum

NN

i
.

'® This term might be chnnged fo: Aqxdum munoxlo
‘cum, Munoxxc acid. —T .

+ In a former note Hydrogen is mennoned as the fup,
pofed bafe of thxsacld —T :

1 This mxght more convemently be named Acxdum
pitroxicum, or Nitroxic acid.—T.
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Latin Names. Englifb Names.

20. Acidum gallicum

21, —— pruflicum

212, benzoicum

23. fuccinicum

24, —— camphoricum

2§, = la&ticum

26, —— faccho-la&ticum

29, —— bombicum

28, —— formicum

29. —v— febacicum

30. — beracicum

31— fljoricum

32, —— antimonicom

33.—.- a ’?enucum
eniacum

: 3.-—.——- bj(muthicum

36. —— cobalticum

37 —_— cvpncum

38. ﬁpnmcutp

39 = ferricam’’

40, -=— mangamcum

Gallic
Pruflic
Benzoic
Succinic
Camphonc

Saccho-la&c

Bombic
Formic
Sebacic
Borscic

. Fluoric

Atmmnlc

Argenatic
" Arleniac*

Bilpythic

Cobalgic
Cupric
Stannic

,Ferric

Mmgqqlc

Bafes.

Compound,
See Obf. 2d.

See Obf. 3d.

P
j
} Compound,
§ Usksows

Anumony ,
.Silver

' Arfenic
" ‘Bifmuth

‘Cobalt

""" Copper

Tin
Iron
- Manganefe



— .\

OF CHEMISTRY. 235
Latin Names. Eugl b Names. Bq/::.
4S. Acidum platinicum 'Plaunic Platina
46. plumbicum . Plumbic Lead
47 ‘tungflicum’ Tungftic Tungftein
48 ) zmclcum Zincic Zinc

Obj:matiaﬁ.f on tbcﬂ}?going Table.

1/}, The bafes or radicals of the acids from
NP° 11. to N° 19. inclofive, feem to be formed by
a combindtion of carbon and hydrogen ; and the
only difference appears to proceed from the dif-
fimilar proportions in' which thefe elements.com-
bine to form "the bafes of thefe acids, together
with the ' different quantities of oxygen in their
acidificationi.! A conneced feries of accurate ex-
periments is ftill wanted to illuftrate this fubje&

“in a fatisfa®ory manher.
+2d, Thie bafes or radiecals of the acids from
N° 20. to 26. inclufive, are hitherto very imper-
- fe@ly known 3 we ‘only'know that hydrogen and
carben are their principal élements, and that the
pruffic acid-€éontdind likéwife fome azot: .
3d, TheWifes of the -acids 27, 28, 29, and all
“others obtained froranirmal fubftances, are fill
very imperfe@ly known, end require farther in-
veftigation ; for they feem to confift of carbon,
hydrogep, Phofphorus, and azot, united _toge-
ther, but ;he partlcular proportxons of thefc ele-
ments in eqch and the degrees of oxydation, are
upalcertained.
e DR o In
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In this lift, which cohtaips 48 “a¢ids, I have
enumerated 17 metallic acids. hitherto very im-
perfeétly known *, but upon which Mr ‘Berthol-
let is about to publith a very important work.
It cannot be pretended that all the acids which
cxift in nature, or rather:all ‘the "acidifiable ba-
{es, are vet difcovered ; but on the other hand,

-there are confiderable grounds. for:: fuppofing
that a more accurate.inveftigation -than has hi-
thérto been atteiipted, will .diminiih the num-
ber.df the vegetable acids, by fhewing. that fe-

-veral of thefe, at: préfent confidered as diftinct
acids, are only modifications ofiothera; All that
cair be done in .the prefent ftate of,our know-
ledge i3, to give:a view of chemiftry a8s it really
is, aitd ‘to eftablifh. fundamental principles, by
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to 1152%. . This number is upon.the fuppofj-
tion that the metallic acids are capable of dif-
folving other metals, which is a new branch of
chemiftry, not hithesto inveftigated, upon which
depends :all the metallic combinations named
oitreous., There is reafon to believe that many
of thefe fuppofable faline combinations are nat
‘capable of being firmed, which muft greatly
reduce the real number of neutral falts produ-
cible by nature and art. Even if we :fuppofe
the real number to amount only to five. or fix
hundred fpecies of poffible neutral falts, it is e-
vident that, were we to diftinguifh them, after
the manner of the older chemifts, either by the
names of their firft difcoverers, or by terms de-
rived from the fubftances from which they are
procured, we fhould: at laft have fuch 3 confi-
fion of arbitrary defignations, as no ruemory
could poffibly retain. "This method might be to-
lerable in the early ages of chemiftry, or even
till within thefe twenty years, when: only about
thirty fpecies of falts were known ; but, in the
prefent times, when the number is augmenting
daily, when every new acid gives us 24 or 48
new falts, according as it is capable of one or

.twoa

* This number excludes all triple falts, or fuch as con-
tain 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.—T.
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two degrees of oxygenation, a2 new method is
certainly neceffiry. The method here adopted,
irawn tfrom the nomenclature of the acids, is
perfediy anuiogical, and, fellowing Nature in
the implicity of her operations, gives a natural
i e aveenclature, applicable to every pof-
file meutral tit
[z svmr zames 23 the different acids, we
2ave axtoedel the cammon property by the ge-
ek e axd md we dihinguithed each
TaeC.y ¥ e ume of s peculmr acidifiable
Y .emr&em:muih&gm
see of TTXIm ynerdecs, carboa, &c. are
Ul Lvame ok sdupiors acd, carbeic
ax X We arie © poveer Bhewiie to
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Joda, fulpbat of ammoniac, fulpbat of lime, fulphat
of iron, &e. As we are acquainted with 24 fali-
fiable bafes, alkaline, earthy, and metallic, we
have confequently 24 fulphats, as many phof-
phats, and fo on through all the acids,
Sulphur is, however, fufceptible of two de-
grees of oxygenation, the firft of which produ-
ces fulphurous, dnd the fecond, fulphuric acid ;
and, as the neutral falts produced by thefe two
acids have different properties, and are in fact
different falts, it becomes neceffary to diftin-
guith thofe by peculiar terminations; we have
therefor¢ diftinguithed the neuttal falts forméd
by theé acids in the firft or leffer degree of oxy-
gendtion, by changing the termination a? into
ite, @s fulpbites, phofpbites*, &¢.  Thus, oxy-
: genated

* As all the fpecific names of the acids in the new no-
menclature are adje&xves, they would have applied feve-
rally to the vanous falifiable bafes, without the invention
of other terms, with perfe& diftin&aefs. Thus, Ju gln
rous pota/b, and fulpburic potafs, are equally diftin
Julpbite of potafb, and fulpbat of pota/b ; and have the al.
vantage of being more eafily retained in the meioty, be-
caufe more naturally arifing from the names of acids
themfelves, than the arbitrary terminations adopted by
Mr Lavoifier. Thefe propofed terms are likewife very
readily and diltin&ly expreflible i Latin, thus, Potaffa,
or rather, as I have formerly obferved, Lixa, Sulpburofa,
and Swipburica, and are equally diftin@ive with, and more
readily remembered than, the Latin terms of the new nqg.

_menclature, Swipbis and Sulpbas Potafle.—T.
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- tering into, are moft readily remembered. Such
as require a more complete illuftration of the
methods in which the new nomenclature is ap-
plied, will, in the Second Part of this book, find
Tables which contain a full enumeration of all
the neutral falts, and, in general, of all the pof-
fible chemical combinations, fo far as is con-
fiftent with the prefent ftate 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 neceflary to
add particular obfervations upon each fpecies of
falt ; its folubility in water and alkohol ; the
proportions of acid and of falifiable bafe'in its
compofition ; the quantity of its water of crif-
talization ; the different degrees of faturation
it is fufceptible of ; and finally, the degree of
force or affinity with which the acid adheres to
the bafe. This immenfe work has been already
begun by Mefl. Bergman, Morveau, Kirwan,
and other celebrated chemifts, but is hitherto on-
ly in a moderate ftate of advancement ; even the
principles upon which it is founded are not per-
haps fufficiently accurate.

Thefe numerous details would have f{welled
this elementary treatife to much too great 2

Q fize
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fize ; befides that, to have gathered the pacef,
iury materials, and to have completed all thg
icries of experiments requifite, muft have re-
tarded the publication of this book for many
years. This is a vaft field for employing the
zcal and abilities of young chemifts, whom X
would advife to endeavour rather ta do well
than to do much, and to afcestain, in the firfh
place, the compofition of the acids, before en-
tering upon that of the neutral falts. Every e-
dificc which is intended to refift the ravages of
time fhould be built upon a fure foundation ;
and, in the prefent ftate of chemiftry, to atterpsg
difcoveries by experiments, either not perfe@ly
exa®, or not fufficieatly rigorous, will ferve
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PART IL

Of the Combination of Acids with Sali-
fiable Bafes, and of the Formation of
Neutral Salts.

INTRODUCTION.

F I had ftrictly followed the plan at firft

laid down for the condué of this work, I
would lave confined myfelf, in the Tables and
accompanying oebfervations 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 refult from the combination of thele
acids with the various falifiable bafes. But I
afterwards found, that the addition of fimilar
Tables of all the fimple fubftances which enter

Qz_‘ into
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TABLE OF SIMPLE SUBSTANCES.

Simple fubftances belonging to all the kingdoms of Nature,
which may be confidered as the chemical elements of bodies.

New Names. Correfpondent old Narme:.
Eaglifb. - Latin,
Light Light.
Heat, .
. - Principle or element of heat
Caloric Caloricum Fire, Igoeous fluid, -
Matter of fire and of heat.
_ Dephlogifticated air,
. E 1 ai
Oxygen . Oxygenuni vﬁ'ﬁy:;?, :ru-,
Bl:lﬁ: of vital air.
. * ¢ Phlogiflicated air or gas;
Azot Azoturn Mephitis, or its bafe. ’
Inflammable air or gas, or
Hydroge n Hydrogenum i the bafe of inflammable air.
Oxydable and Acidifiable fimple Subftances not Metallic.
New Names. ) Correfpondent old Names.
Sulphur Sulphurum 2 The fam N
Phofphorus Phofphorum ¢ lame names.
Carbon Carbonum The fimple element of char- -

Muriatic radical Murium

coal.

Fluoric radical  Fluorum Still unkoown.
Boracic radical Borac'U{nf' able C
Oxydsble and Actdifiable fimple Métallic Bodies. -
New Nanes. Correfpondent old Namés.
Antimony Antimonium [ Antimony.
Arfenic Arfenicum Arfenic.
Bifmuth Bifmuthum Bifmuth.
Cobalt Cobaltum Cobalt.
Copper _ Cuprum Copper.
Gold - Aurum Gold.
Iron Ferrum % | Iron. .
Lead Plumbum o | Lead.
Mangauoefe “Manganum = .4 Manganefe.
Mercury Mercurium % | Mercury.
Molybdena Molybdenum | &% | Molybdena.
Nickel Nickolum Nickel.
Platina Platinum Platina.
Silver Argentum Silver.
Tin Stannum Tin.
Tungftein Tungftenum Tuongftein,
Zinc Zincum | Zinc.
Q3 Salifiable



www.libtool.com.cn



OF CHEMIS¥RY. 347
advanced, thet thefe tadicals of the acids re not
wil Minple elements, may of them being, Tike
the vily principte, edtnpofed of hydrogen and
tarbon. Ewen the bafes of neutral Talts Bave
been proved by Mr Berthollet to be compbnds,
as he has fhewn that ammoniac is compofed of
azot and hydrogen. -

Thus, as chemiftry advances towards perfec-
tion, by dividing and fubdividing, it is impoffi-
ble to fay where it is to end; and thefe things
we at prefent fuppofe fimple may foon be found
quite otherwife. All we dare venture to affirm
of any fubftance is, that it muft be confidered
as fimple in the prefent ftate of our knowledge,
and fo far as chemical analyfis has hitherto been
able to fhow. We may even prefume that the
earths maft fooh ceafe te be confidered as fimple
bodies ; théy are the otly bodies of the {alifid-
bie clafs which have no tendency to unite with
oxygen; and I am mich inclined to believe
that this proceeds from their being already fa-
turated with that element. If fo, they will
fall to be confidered as compounds confifting of
fimple fubftances, perhaps metallic, oxydated to
a certain) degree. This is only hazarded as a
probable conjeGture ; and I truft the reader will
take care not to confound what I have related as
truths, fixed on the firm bafis of obfervation
and experiment, with mere hypothetical {pecu-
lations.

Q4 The
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T fixed alkalie:, potafh, and ioda, are &
surneg au the foreguing Table, becauie, they are
evidee 'y cotupound {ubfignce: ®, thongh weare
spuotant @ vel wiat are the elemenr: they are

cowpuicd of.

Tazwx
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T aBLE of compound oxydable and acidifiable bafes. -

Names of the Radicals.
Oxyduble or acidifiable Nitro muriatic radical %,
bafes, from the mine- or bafe of the acid for-
ral kingdom. { merly called aqua regia.
[ Tartarous radical or bafe.
Malic b
Citric
Oxydable or acidifiable g’ :::ﬂf‘:;‘;
hydro-carbonous or P’ r0-tartarous
- carbono-hydrous radi-q (yalic l
cals, from the vege- | A crous
table kmgdom. Succinic P
Benzoic ¢+ L2
Camphoric 3
| Gallic “
. a0 Laétic
Oxydable or acidifiable :
radicals from the ani- %::ﬂ:?:a&lc
mal kingdom, which Bombic
moftly contain azot, o .o -
and frequently phof- ;- .
phorus. Pruffic ]
Skcr.

Note—~The radicals from the vegetable kingdom e
converted by a firft degree of oxygenation into vegetable
oxyds, fuch as fugar, flarch, and gum or mucus : Thofe
of the animal kingdom by the fame means form animal
oxyds, as lymph, &c.—A.

. ® This, for the prefent, may be named Azo-muris,
until the radical of muriatic acid be difcovered; or, at
leaft, till the difcovery of hydrogen being that radical be
unqueftionably afcertained.—T.
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fuch a2 way as to form fingle bafes, and that
thefe acids only differ from each other by-the
proportions in which thefe two fubftances enter
into the compofition of their bales, and by the
degrees of oxygenation which thefe bafes have
received. We know farther, chiefly, from the
experiments of Mr Berthollet, that the radicals
from the animal kingdom, and even fome of
thofe from vegetables, are of a more compound
nature, and befides hydrogen and carbon, that
they often contain azot, and fometimes phof-
phorus ; but we are not hitherto poflefled of
fufficiently accurate experiments for calculating
the proportions of thefe feveral fubftances. We
are therefore forced, in the manner of, the older
chemifts, ftill to mame thefe acids after the {ub-
ftances 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, bydro-carbonous, bydro-carbonic, carbono-
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 predcceflors.

It

* Sce Part 1. Chap. XI. upon the application of thefe

mames according to the proportions of the two ingredia
cnts.—A. :
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It is evident, that the oils, being compofed of
hydrogen and carbon combined, are true car-
bono-hydrous or hydro-carbonous radicals ; and,
indeed, by adding oxygen, they are convertible
into vegetable acids and oxyds, according to
their degrees of oxygenation. We cannot, how-
ever, aflirm that oils enter in their entire ftate
into the compofition of vegetable oxyds, and a-
cids ; it is poffible, that they previoufly lofe a
part cither of their hydrogen and carbon, and
that the remaining ingredients no longer exift in
the proportions neceflury to conftitute oils. We
ftill require farther experiments to elucidate thefe
points.

Properly {peaking, we are only acquainted with
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conceptions of the nature of thefe combinations
are not hitherto fufficiently accurate. We
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 as to
conftitute a part even of their folid fubftance,
though it more frequently ats upon them with
a repulfive force, from which, or from its ac-
cumulation in bodies to a greater or 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 aériform ftate of bodies pro-
duced by a fufficient accumulation of caloric ;
fo, that, when we wifh to exprefs the aériform
ftate of muriatic acid, carbonic acid, hydrogen,
water, alkohol, &c. we do it by adding the word
£Zays to their names ; thus muriatic acid gas, car-
bonic acid gas, hydrogen gas, aqueous gas, alko-
holic gas, &c.

The combinations of light, and its mode of
acting upon different bodies, are ftill lefs known
than thofe of caloric. By the experiments of
Mr Berthollet, it appears to have great affinity
with oxygen, is fufceptible of combining with it,
and *contributes along with caloric to change
it into the ftate of gas. Experiments upon ve-
getation give rcafon to believe that light com-

' bines
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which reafon the phenomena of refpiration, fan.
guification, and animal heat, are not confidered ;
but I hope, at fome future time, to be able to
elucidate thefe curious fubjeéts.

Sect. IV.—Obfervations upon tbe Combinations
“of Oxygen with the fimple Subftances.

Oxygen forms almoft a third part of the mafk -
of our atmofphere, and is confequently one of
the moft plentiful fubftances in nature. All
animals and vegetables live and grow in this
immenfe magazine of oxygen gas, and from it
we procure the greateft part of what we employ
in experiments. So great is the reciprocal af-
finity between this element and other fubftances,
that we cannot procure it entirely difengaged
from combination. In the atmofphere it is uni-
ted with caloric, in the ftate of oxygen gas, and
this again is mixed with about twice its weight
of azotic gas.

Several conditions are requifite to enable 2
body to become oxygenated, or to permit oxy-
gen to enter into combination with it. In the
firk place, it is neceflary that the particles of
the body to be oxygenated fhall have lefs reci-
procal attraGtion with each other than they
have for the oxygen, which otherwife cannot
poflibly combine with them. Nature, in this
cefe, may be affifted by art, as we have it in our

power
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power to diminifh the attrattion of the parti-
cles of bodies, almoft at will, by heating them,
or, in other words, by introducing caloric into
the interftices between their particles; and, as
the attra&tion of thefe particles for each other
is diminifhed in the inverfe ratio of their dif-
tance, it is evident that there muft be a certain
point of diftance of particles when the affinity
they poflefs with each other becomes lefs than.
that they have for oxygen, and at which oxy-
genation muft. neceffarily take place if oxygen
be prefent.

We can readily conceive, that the degree of
heat at which this phenomenon begins muft be
different in different bodies. Hence, on pur-

r . . n 1 1° r L A 2t
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Tapid ; and the oxygenation of lead, tin, and moft
of the metals, takes place vaftly flower, and
confequently the difengagement of caloric, and
more efpecially of light, is hardly fenfible.

Some fubftances have fo ftrong an affinity for
oxygen, and combine with it in fuch low de-
grees of temperature, that we cannot procure
them in their unoxygenated ftate ; fuch is the
muriatic acid, which has not hitherto been
decompofed by art ¥, perhaps cven not by na-
ture, and which confequently has only been
found in the ftate of acid. It is probable that
many other fubftances of the mineral kingdom
are neceflarily oxygenated in the common tem-
perature of the atmofphere ; and that, being al-
ready faturated with oxygen, their farther action
upon that element is thereby prevented.

There are other means of oxygenating fimple
fubftances, befides expofure to air in a certain
degree of temperature ; fuch as by placing them
in conta& with metals combined with oxygen,
and which have little affinity with that element.
The red oxyd of mercury is one of the beft fub-
ftances for this purpofe, efpecially with bodies
which do not combine with that metal. In this
oxyd the oxygen is united with very little force

R to

® The real or fuppofed difcovery of the bafe of this
agid has been mentioned in fome former notes.—T, .
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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 rheans
of being mixed with red oxyd of mercury, and
then moderately heated. The fame effe@ may
be, to a certain degree, produced by means of
the black oxyd of manganefe, the red oxyd of
lead, the oxyds of filver, and by moft of the me-
tallic oxyds, if we only take care to choofe fuch
as have lefs affinity with oxygen than the bodies
they are meant to oxygenate. All the metallic
reductions and revivifications belong to this clafs
of operations, being nothing more than oxy-
genations of carbon, by means of the feve-
ral metallic oxyds. The carbon of the char-
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extréme caution, and only with very fmall quan-
tities ; becaufe, as the oxygen enters into the
compofition of nitrats; and more efpecially of
oxygenated muriats, combined With almoft as
much caloric as is neceflary for converting it
into oxygen gas, this immenfe quantity of calo-
ric becomes {uddenly free, the inftant of the com-
bination of the oxygen with the combuftible bo-
dy, and produces fuch violent explofions as are
perfedly irrefitible.

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 oxygen, and
quits it readily to a great number of bodies, by
the affiftance of a gentle heat. The oxygenated
muriatic acid may be ufed for feveral operations
of this kind, but not in them all.

I give the mame of dinary to the combinations
of oxygen with the fimple {ubftances, becaufe in
thefe only two elements are combined. When
three {ubftances are united in one combination I
call it ternary ; and quaternary when the combi-
nation confifts of four fubftances united.

Ra2 TABLE
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TaBLE of the Combinations of Oxygen with the Com.-
pound Radicals.

Nasmes of the Ra- Names of the refulting Acids.

dicals. New Nomenclature.  Old Nomenclature,
E;tix:;-lmuuauc % Nitro-muriatic acid ~ Aqua regia.

»

Tartaric Tartarous acid Unknown till lately.
Malic Malic acid Ditto.
Citric Citric acid : Acid of lemons.
Pyro-lignous  Pyro-lignous acid En;poy;e. umatic acid of

Pyro-mucous  Pyro-mucous acid Empyr. acid of fugar.
Pyro-tartarous  Pyro-tartarous acid ~ Empyr. acid of tartar,
Oxalic Oxalic acid Acid of forrel.

Acetous acid Vinegar, or acid of

Acetic vinegar.

L Acetic acid Radical vinegar.
Succinic Succinic acid Volatile falt of amber.
Benzoic Benzoic acid Flowers of benzoin.

Camphoric Camphoric acid Unknown till lately.
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Sect. V.—Obfervations upon the Combinations of
Oxygen with the Compound Radicals. :

I publifhed a new theory of the nature and
formation of acids in thc Memoirs of the Aca-
demy for 1776, p. 671. and 1778, p. 535. in
which 1 concluded, that the number of acids
muft 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 increafed in the fume proportion. The
nature of the acidifiable bafes, or radicals of the
acids, and the degrecs of oxygenation they arec
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 carbon, and that azot and phofphorus
are frequently united to thefe, by which we have
compound radicals of two, three, and four bafes

“or fimple elements united.
R 3 From
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From theie obiervations, it appears that the
vegetable and animal oxyds and acids may dif-
fer from each other in three feveral ways ; ac-
cording to the number of fimple acidifiable ele-
menzs of which their radicals are compofed ;
according to the proportions in which thefe
are combined together ; and according to their
different degrees of oxygenation : Thefe circum-
tances are more than fufficient to explain the
great variety which nature produces in thefe
1ubitances. It is not at all furprifing, after this,
that moft of the vegetable acids are convertible
into each other ; nothing more being requifite
for this purpofe, than to change the propor-
tions of the hydrogen and carbon in their com-
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fubject: For, although the oils appear to be

formed of nothing but hydrogen and carbon, we

do not know if thefe are in the precife proportion

neceflary for conftituting the radicals of the acids ;

and, fince oxygen enters into the compofition of
thefe acids equally with hydrogen and carbon,

there is no more reafon for fuppofing them to be

compofed of oil rather than of water or of carbo-

nic acid. It is true that they contain the mate-.
rials neceffary for all thefe combinations, but

then thefe do not take place in the common tem-

perature of the atmofphere; all the three eles

ments remain combined in a ftate of equilibrium,

which is readily deftroyed by a temperature on-

ly a little above that of boiling water *.

R 4 TasLe

® See Part 1. Chap. XII. upon this Subjet.—A.



www.libtool.com.cn



OF GHEMISTRY. 263

Sect. VL.—Obfervations upon the Combinations
of Azot with the Simple Subflances.

Azort is one of the moft abundant elements ;
combined with caloric it forms azotic gas, or
mephitis, which compofes nearly two-thirds of
the atmofphere. This element is always in the
ftate of gas in the ordinary preffure and tempe-
rature, and no degree of compreflion or of cold
has been hitherto capable of reducing it either
to a folid or liquid form. This is likewife one
of the eflential conftituent elements of animal
bodies in which it is combined with carbon and
hydrogen, and fometimes with phofphorus ;
thefe are united together along with a certain
portion of oxygen, by which they are formed
into oxyds or acids, according to the degree of
oxygenation. Hence the animal fubftances may
be varied, in the fame way with vegetables, in
three different manners ; according to the
number of elements which enter intc the com-

pofition

more diftinét from other terms : the French terms Azure,
Sulphure, Phofphure, are not fufliciently diftinguifhable in
Englifh, from Azure, a colour, Sulphur, and Phofphor,
which is fometimes ufed for Phofphorus; but Azuret,
Sulphuret, Carburet, and Phofphuret, which are tranflated
from Azuretum, Sulphuretum, Carburetum, and Phof-
. phoretum, both an{wer the purpofe of the new nomencla-
ture completely, and run no hazard of occafioning any
miftake.—T. ’
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poiitica of the bafe or radical ; according to the
prepartion of thefe elements ; and, according to
the degrees of oxygenation.

When combined with oxygen, azot forms
the nitrous and nitric oxyds and acids, when
with hydrogen, ammoniac is produced. Itscom-
binations with the other fimple elements are ve-
ry little known ; to thefe we give the name of
Azurets, preferving the termination in urez for
all unoxygenated compounds. It is extremely
probable that all the alkaline fubftances may
hereafter be found to belong to this genus of a-
zurets.

The azotic gas may be procured from atmo-
fpheric air, by abforbing the oxygen gas which
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mixed with carbonic acid gas, which may be
abforbed by a folution of cauftic alkali, or by
lime-water, after which the azotic gas remains
pure. We can procure it in a fourth manner
from combinations of ammoniac with metallic
oxyds, as pointed out by Mr de Fourcroy : The
hydrogen of the ammoniac combines with the
oxygen of the oxyd, and forms water, while the
azot being left free efcapes in form of gas.

The combinations of azot were but lately dif-
covered : Mr Cavendifh firft obferved it in ni-
trous gas and acid, and Mr Berthollet in ammo-
niac and the pruffic acid. As no evidence of
its decompofition has hitherto appeared, we are
fully entitled to confider azot as a fimple ele-
mentary {ubftance.

TasLe
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Lase o ile¢ Birary Combinations of Hydrogen with
Simple Subflances.

Simple Refulting Compounds.
Subflances. New Nomenclature. 0/d Names.
Caloric Hydrogen gas Inflammable air.
Azot Ammoniac Volatile alkali.

Oxygen Water Water.
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Sect. VII. — Obfervations upon Hydrogen, and
its Combinations with Simple Subftances.

Hydrogen, asits name exprefles, is one of the
conftituent elements of water, of which it forms
fifteen hundredth-parts by weight, combined
with eighty-five hundredth-parts of oxygen.
This fubftance, the properties and even exiftence
of which was unknown till lately, is very plen-
tifully diftributed in nature, and acts a very con-
fiderable part in the proceffes of the animal and
vegetable kingdoms. As it poflefles fo great
affinity with caloric as only to exift in the ftate
of gas, it is confequently impoflible to procure
it in the concrete or liquid ftate, independent of
combination.

To procure hydrogen, or rather hydrogen
gas, we have only to fubje® water to the a&tion
of a fubftance with which oxygen has a greater
affinity than it has to hydrogen ; by this means
the hydrogen is fet free, and, by uniting with
caloric, afflumes 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@ible by

: the
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the magnet, and diffolves in acids without effer-
vefcence.

Charcoal, in a red heat, has the fame power
of decompofing water, by attralting the oxygen
from its combination with hydrogen. In this
procefs carbonic acid gas is formed, and mixes
with the hydrogen gas, but is eafily feparated
by means of water or alkalies, which abforb the
carbonic acid, and leave the hydrogen gas pure.
We may likewife obtain hydrogen gas by dif-
folving iron or zinc in dilute fulphuric acid.
The two metals decompofe water very flowly,
and with great difficulty, when alone, but do it
with great eafe and rapidity when affifted by ful-
phuric acid ; the hydrogen unites with caloric
during the procefs, and is difengaged in form
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We muft always recur to the examination of this
queftion, ¢ Are the heat and light, which are
difengaged during the different {pecies of com-
buftion, furnifhed by the burning body, or by
the oxygen which combines in all thefe opera-
tions ?”” And certainly the fuppofition of hydro-
gen being difengaged throws no light whatever
upon this queftion. Befides, it belongs to thofe
who make fuppofitions to prove them ; and,
doubtlefs, a do&rine which without any fuppofi-
tion explains the phenomena as well, and as na-
tarally, as theirs does by fuppofition, has at leaft
the advantage of greater fimplicity *.

TABLE

* Thofe who wifh to fee what has been faid upon this
great chemical queftion by Mefl. de Morveau, Berthollet,

De Fourcroy, and myfelf, may confult our tranflation of
Mr Kirwan'’s Eflay on Phlegifton.—A.
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TAILS o he limwy Cominnations of Sulpbur with Simp.e Subflance:s.

Dimp .. Refulting Compounds.
uordicmce:. New Nimenclatare. 0.4 Nomenclature.
Calurc Suiphbaric gas
Oxyd of falphur Soft falphur.
Oxygen Sulphurous acid Sulphareous acid.
Suiphuric acid Vitriolic acid
H Sulpharet of hydro
Azy:cgen a.z’ot e Unkoown Combi.
Phoiphorus phofphorus nations.
Carbon carbon
Anumony antimony Crude antimony.
Silver filver
Arfenic arfenic Orpiment, realgar,
Bitmuth bifmuth
Cobalt cobalt
Copper copper Copper pyrites.
Tin tin
Iron iron Iron pyrites.
Manganefe manganefe

Mercury mercury Et:xnp:b:{incral,

Molybdcna molybdena
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Sect. VIII.—Qfervations on Sulpbur and its
Combinations.

Sulphur is a combuftible fubftance, having a
very great tendency to combination ; it is na-
turally in a folid ftatein the ordinary temperas
ture, and requires a heat fomewhat higher than
that of boiling - water to make it liquify. Sul-
phur is formed by nature in a confiderable de-

_gree of purity in' the neighbourhood of volca-
noe ; we find it likewife, chiefly in the fate of
fulphuric ac¢id, combitied with argill in alurinous
fchiftus, with lime in gypfum, &c. From thefe
combinations it may be procured in the ftate of
fulphur, by carrying off its oxygen by means of
charcoal in a red heat ; carbonic acid is formi
ed, and efcapes in the ftate of gas ; the fulphut
remains combined with the clay, lime, &c. in
the ftate of fulphuret, which is decompofed by
acids ; the acid unites with the earth into a neu-
tral falt, and the fulpbur is precipitated.

S Tasiz
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TasLe of the Binary Combinations of Pbofpborus
with tbe Simple Subflances.

Simple Subflances. Refulting Compounds.
Caloric - - Phofphoric gas.

Oxyd of phofphorus.
Oxygen - - { Phofphorous acid.

Phofphoric acid.
Hydrogen - - Phofphuret of hydrogen.
Azot - - Phofphuret of azot.
Sulphur - - Phofphuret of Sulphur.
Carbon - - Phofphuret of carbon.
Metallic Subftances = Phofphurets of metals *.
Potath - -

Soda - -

Accnennninn -1

-.d
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Sect. IX.—Obfervations on Phofphorus, and its
Combinations.

Phofphorus is a fimple combuftible fubftance,
which was unknown to chemifts till 1667, when
it was difcovered by Brandt, who kept the pro-
cefs fecret ; foon after Kunkel found out Brandt’s
method of preparation, and made it public. It
has been ever fince known by the name of Kun-
kel’s phofphorus. It was for along time pre-
cured only from urine; and, though Homberg
. gave an account of the procefs in the Membujrs
of the Academy for 1692, all the philofophers
of Europe were fupplied with it from England.
It was firft made in France'in 1737, before a
committee of the Academy at the Royal Garden.
At prefent it is procured in a more commodious
and more economical manner from animal bones,
which are real calcareous phofphats, according
to the procéfles of Meflfrs Gahn, Scheele, Rou-
elle, &c. The bones of adult animals, being
calcined to whitenefs, are pounded, and paffed
through a fine filk fieve; upon the fine pow-
der a quantity of dilute fulphuric acid is pour-
ed, lefs than is fufficient for diffolving the whole.
This acid unites with the calcareous earth of the
bones into a fulphat of lime, and the phofpho-
ric acid remains free in the liquor. The liquid

S2 . 13
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is decanted off, and the refiduum wafhed with
boiling water ; this water which has been ufed
to wafh out the adhering acid is joined with
what was before decanted off, and the whole is
gradually evaporated ; the diffolved fulphat of
lime cryftallizes in form of filky threads, which
are removed; and, by continuing the evapora-
tion, we procure the phofphoric acid, under the
appearance of a white pellucid glafs. 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 fo pure as
that obtained by oxygenating pure phofphorus,
gither by combuftion or by means of nitric acid ;
wherefore this latter fhould always be employ-
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of animal analyfis, In all thefe it is ufually
combined with carbon, hydrogen, and azot,
forming very compound radicals, which are, for
the moft part, 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 fufpe@ that it is
more common in the vegetable kingdom than
has been generally fappofed : It is certain, that
by proper procefles, it may be procured from
every individual of fome of the families of plants.
.As no experiment has hitherte given reafon to
fufpe& that phofphorus is a compound body, I
have arranged it with the fimple or elementary
fubftances. It takes fire at the temperature of
104° of the thermometer,

TABLE of the Binary Combinations of Carbon.

Sim Refulting Compounds.
dehﬁfu New Nomenclasure. ”g?d Narmes.
o Oxyd of carbon Unknown.

xygen Carbonic acid Fixed air, chalky acid.
Sulphure Carburet of fulphur
Phofphorns  Carburet of phofphorus ¢ Unknown.
Azot garburet of azot

arbono-hydrous radicals

Hydrogen {F’ ixed and {rolaule oils

Of thefe only the car-
Metallic Sub- J Carburetsof the feveral |  Purets of iron and

zinc are known, and
' flances metals were formerly call-
ed Plumbago.
Alkalies and

p—y }C:rbuut of potafh, &c Unknown.‘
S3 . SECT.
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Sect. X.—Obfervations upon Carbon, and its Com-
binations with Simple Subfances.

As carbon has not been hitherto decompo-
fed, it muft, in the prefent ftate of our know-
ledge, be confidered as a fimple fubftance. By
modern experiments it appears to exift ready
formed in vegetables; and I have already re-
marked, that, in thefe, it is combined with hy-
drogen, fometimes with azot and phofphorus,
forming compound radicals, which may be
changed into oxyds or acids, according to their
degrees of oxygenation.
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or changes into gas, all the parts of the body
fufceptible of combining with caloric into that
form ; and the carbon, being more fixed in its
nature, remains in the retort, combined with a
little earth and fome fixed falts, in the form ge-
nerally known by the name of charcoal.

In the bufinefs of charring wood, this is done
by a lefs expenfive procefs. The wood is dif-
pofed in heaps regularly arranged, and covered
‘with earth, fo as to prevent the accefs of any
more air than is abfolutely neceffary for fupport-
ing the fire, which is kept up till all the water
and oil is driven off, after which the fire is ex-
tinguifhed by fhutting up all the air-holes.

We may analyfe charcoal either by combuftion
in air, or rather in oxygen gas, or by means of
nitric acid : In either cafe we convert its pure
carbon into carbonic acid; and fometimes a
little potafh and fome neutral falts remain. This
analyfis has been hitherto but little attended to
by chemifts ; and we are not even certain if pot-
afh exifts in charcoal before combuftion, or whe-
ther it be formed by means of fome unknown
<ombination during that procefs.

Sect. X1I.—Obfervations upon the Muriatic, Flu-
oric, and Boracic Radicals, and their Combina-
tions.

As the combinations of thefe fub&vances, ei-
ther with each other, or with the other combuf-
S 4 tible
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tible bodies, are hitherto entirely unknown, we
have not attempted to form any table for their
nomenclature. We only knaw that thefe rgdi-
cals are fufceptible of oxygenation, and of form«
ing the murijatic, fluoric, dnd boracic acids : and
that, in the acid ftate, they enter ipto a number
of combinations, to be afterwards detailed. Che-
miftry has hitherto been unable to difoxyge-
nate any of them, fo as to exhibit them ina
fimple ftate. For this purpofe, fome fubftance
muft be employed, to which oxygen has a ftrong-
er affinity than to their radicals, either by means
of fingle affinity, or by double ele&tive attrac-
tion. All that is known relative to the origin
of the radicals of thefe acids, will be mentioned
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neceflary to be mentioned is, that thefe alloys
fhould be named according to the metal in lar-
geft proportion in the mixture or combination ;
thus the term alloy of gold and Alver, or gold al-
loyed with filver, indicates that gold is the pre-
dominating metal.

Metallic alloys, like all other combinations,
have a point of faturation ; it would even ap-
pear, from the experiments by Mr de la Briche,

that they have two perfeitly diftin& degrees of
faturation,

TABLE
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‘I'anLE of the Combinations of Azot, in the flase of Ni-
trous ccid, with the Salifiable Bafes, arranged accord-
ing to the Affinities of thefe Bafes with the Acid.

Noames of the  Names of the Neutral Salts.

Bafes. New Nomenclature. Notes.
Barytes Nitrite of barytes.
Pouth . Thefe falts are on-
Soda foda. ly known of late, and
Lime fime. have received no par-
Magnefin magnefia. ticular names in the old
Ammoniac Ammoniac. | nomenclature.
Argill argill.

Ac metale diffalve
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TABLE of the Combinations of Azot, completely [aturated with
Oxygen, in the flate of Nitric Acid, with the Salifiable Bafes,
in the Order of their Affinity with that Acid.

Bafes.
Barytes

Potath

Soda

Strontites

Lime

Magnefia

Ammoniac
Argill

Oxyd of zinc
iron
manganefe
cobalt *
nickel
lead
tin
copper

bifmuth
antimony
arfenic
mercury

filver

gold
platina

Names of the refuiting Neutral Saits.
New Nomenclature, 0ld Nomenclature.

Nitrat of barytes

Nitre, with a bafe of
heavy earth.
tath Nitre, faltpetre, Nitre
po with bafe of potath.
’ Quadrangular  nitre,
foda Nitre with bafe of
mineral alkah.
ftronfites Unknown.
Calcareous nitre. Ni-
lime tre with calcareous
bafe, Mother-water of
nitre, or of fahp;;rc.
Magnefian nitre, Nitre
magnefia i wli;th bafe of magnefia,
ammoniac A mmoniacal nitre.
. Nitrous allum, Argil-

argill laceous nitre, Nitre

with bafe of earth of
alum.

zinc Nitre of zinc.

iron Nitre of iron, Martial

nitre, Nitrated iron.
manganefe Nitre of manganefe.

cobalt Nitre of cobalt.

nickel Nitre of nickel.
Saturnine nitre, Nitre

lead. A

tin Nitre of tin.

copper { Nn{;: ::s'copper, or of

bifmuth Nitre of bifmuth.
antimony  Nitre of antimony.
arfenic Arfenical nitre.
mercury  Mercurial nitre.

Nitre of filver, or of
filver { luna, Lunar Cauflic,
gol(! Nitre of gold.’
platina Nitre of platina.

SzcT.
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Sect. X1I1.—Obfervations upon 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 Jfaltpetre. This falt is extraGted
by lixiviation from the rubbifh 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, attra& the moifture of the
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petre are decompofed by means of one part of
concentrated fulphuric acid, in a retort with
Woulfes’ apparatus, (PL. IV. Fig. 1.) having
its bottles half filed with water, and all its
joints carefully luted : The nitrous acid paffes
over in form of red vapours furcharged with ni-
trous gas, or, in other words, not completely
faturated with oxygen. Part of the acid con-
denfes in the recipient, in form of a dark o-
range red liquid, while the reft combines with
the water in the bottles, During the diftilla-
tion, a large quantity of oxygen gas efcapes,
owing to the greater affinity of oxygen to calo-
ric, in a high temperature, than to nitrous acid,
though in the wufual temperature of the atmo-
{phere 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
frate of nitric acid by heating over a gentle fire,
which drives off the fuperabundagt nitrous gas,
and leaves the nitric acid much diluted with
water.

Nitric

® It is evident, that in this operation, there is a Very
great lofs of nitric acid; as, from the difengagement of
oxygen, we cannot poflibly procure near the fame quan-
tity of nitric acid by diftillation, that exifted in the com-
bioed flate in the nitre.—T.
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Nitric acid is 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 earthen retort, and diftilled with
a ftrong fire : The clay combines with the pot-
afh, for which it has great affinity, and the ni-
tric acid paffes over, flightly impregnated with
nitrous gas. This is eafily difengaged by heat-
ing the acid gently in a retort, a fmall quantity
of nitrous gas paffes over into the recipient, and
very pure concentrated nitric acid remains in the,
retort. ' .

We have already feén, that azot is the nitric
radical. If to 20% parts by weight, of azot,
43% parts of oxygen be added, 64 parts of ni-
trous gas are formed ; and, if to this we join 36
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acid, and not the nitrie, that circumftance ex-
plains in fome degree the difference in the re-
fults of our experiments. s '

As, in all experiments of a philofophical na-
ture, the utmoft poffible degree of accuracy is
required, we muft procure the nitric acid for
experimental purpofes, from nitre which has
been previoully purified from all foreign mat-
ters. If, after diftillation, any fulphuric acid is
fufpected in the nitric acid, it is eafily feparated
by dropping in a little nitrat of barytes, fo long
as any precipitation takes place ; the fulphuric
acid, from its greater affinity, attrads the bary-
tes, and forms with it an infoluble neutral falt,
which falls to the bottom. It may be purified
in the fame manner from muriatic acid, by drop-
ping in a little nierat of filver, fo long as any
precipitation of muriat of filver is produced.
When thefe two precipitations are finifhed, dif-
til off about feven-eights of the acid by a gentle
heat, and what comes over is in the moft perfeck
degree of purity.

The nitric acid is remarkably prone to com-
bination, and is at the fame time very eafily
decompofed. Almoft all the fimple fubftances,
with the exception of gold, filver, and platina,
rob it lefs or more of oxygen; fome of them
even decompofe it altogether. It was very an-
ciently known, and its combinations have been
more ftudied by chemifts than thofe of any o-

ther
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ther acid. Thefe combinations were named
nitres by Meflrs Macquer and Beaumé ; but we
have changed their names to nitrats and nitrites,
according as they are formed by nitric or by ni-
trous acid, and have added the fpecific name of
each particular bafe, to diftinguith the feveral
combinations from each other.

TAaBLX
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TaBLE of the Combinations of Sulpburic Acid with
the Salifiable Bafes, in the order of Affinity.

Names of the Bafes. Re/ulting Compounds.
*  New Nomenclature. 0ld Nomenclature.
Heavy fpar, Vitriol of
Bacytes  Sulphat of barytes heoy ype th,
Strontites ftroatites  Unkaown.
Vitriolated tartar, Sal
" Potath potath de duobus, Arcanum
duplicatum. '
Soda foda grlaober’s falt.
. . elenite, gypfum, cal-
Lime time E careous giytsiol.
fom falt, Sedlitz falt,
Magaclia magnefia l;lfagneﬁan vitriol.
Ammoniac . Glauber’s fecret fal am-
) amm moniac.
Argill argill Alum.
White vitriol, Goflar vi-
Oxyd of zinc zinc triol, White coperas,
Vitriol of zinc.
Green coperas,
iron troa vitriol,Martial vitriol,
Vitriol of iron.
manganefe mangamnefe Vitriol of manganefe.
oobale cobalt Vitriol of cobalt.
nickel nickel Vitriol of nickel.
fead lead Vitriol of lead.
tin tin Vitriol of tin.
Blue coperas, Blue vi-
copper copper triol, Romaa vitriol,
Vitriol of copper.
bifmuth bifmuth Vitriol of bifmuth.
antimony  antimony  Vitriol of antimony.
arfenic arfenic Vitrial of arfenic.
mercary mercury  Vitriol of mercury.
filver filver Vitriol of filver.
gold gold Vitriol of gold.
platina platina Vitriol of platina.

T Secr.
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Sect. XIV.—Obfervations upon Sulpburic Acid,
and its Combinations.

Yor a long time this acid was procured by
diftillation from {fulphat of iron, in which ful-
phuric acid and oxyd of iron are combined,
according to the procefs defcribed by Bafil Va-
lentine in the fifteenth century ; but, in mo-
dern times, it is procured more economically
by the combuftion of fulphur in proper veflels.
Both to facilitate the combuftion, and to affift
the oxygenation of the fulphur, a little powder-
cd faltpetre, or nitrat of potafh, is mixed with
it ; the nitre is decompofed, giving out its oxy-
gen to the fulphur, and contributes to its con-
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torts with a gentle heat, the water pafles over,
flightly impregnated with acid, and the {ulphu-
ric acid remains behind in a concentra‘ed ftate.
It is then pellucid, without any flavour, and
" nearly double the weight of an egual bulk of
water. This procefs would be greatly facili-
tated, and the combuftion much prolonged, by
introducing frefh air into the chambers, by means
. -of feveral pairs of bellows direted towards the
flame of the fulphur, and by allowing the ni-
trous gas to efcape .through long ferpentine ca-
mals, in conta@ with water, to abforb any ful-
phuric or fulphurous acid gas it might contain.

By one experiment, Mr Berthollet found that
69 parts of fulphur in combuftion, united with
31 parts of oxygen, to form 100 parts of ful-
phuric acid ; and, by another experiment, made
in a different manner, he calculates that 100
parts of fulphuric acid confift of 72 parts of ful-
phur, combined with 28 parts of oxygen, all by
weight.

This acid, in common with every other, can
only diffolve metals when they have been pre-
vioufly oxydated ; but moft of the metals are
capable of decompofing a part of the acid, fo
as to carry off a fufficient quantity of oxyg:en,
to render themfelves foluble in the part o1 the
acid which remains undecompofed. This hip-
pens with filver, mercury, iron, and zinc, in

-boiling concentrated fulphuric acid ; they be-
T 2 come
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‘T'ABLE of the Combinations of the Sulpburous A-
cid with the Salifiable Bafes, in the order of

Affinity.
Names of the Bafes, Names of the Neutral Salts
Barytes Sulphite of barytes.

. Potath tayﬂx.
Soda gda.
Lime lime.
Magnefia ‘ magnefia.
Ammoniac ammoniag.
Argill argill.
Oxyd of zinc ginc,

iron ) iron.
manganefe manganefe.
cobalt cobalt.
nickel nickel
lead lead.

tin tin.
coppef copper.
bifmuth ' bifmuth.
antimony antimony.
arfenic atfenic.
tnercury mercury.
filver filver.
gold - gold.
platina platina,

T3 SecT.

Note.——The only one of thefe falts knows to the old
themifts was the fulphite of Potath, under the name of
Stabl's fulpbareous falt : So that, before our new nomen-
clature, thefe compounds muft have: been named Stab/s
Julpbureoys fakt, having bafe of fixed vegetable alkali;
and fo of the reft,

In this Table we have followed Bergman’s oider of affi-
sity of the fulphurjc acid, which is the fame in regard to
the earths and alkalies, but jt is not certain if the order be

’ the fame for the metallic oxyds.—A.
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Sect. XV.—Obfervations upon Sulpburous Acid,
and its Combinations.

The fulphurous acid is formed by the union
of oxygen with fulphur, in a lefler degree of
oxygenation than the fulphuric acid. It is pro-
curable either by burning fulphur flowly, or by
diftilling fulphuric acid from filver, antimony,
lead, mercury, or charcoal ; by thefe operations
a part of the oxygen quits the acid, uniting to
thefe oxydable bafes, and the acid paffes over
in the fulphurous ftate of oxygenation. This
acid, in the common preffure and temperature
of the air, can only exift in form of gas; but it
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not diffolve them, unlefs previoufly oxydated by
other means. From the fame principle it is
that the metallic oxyds diffolve without effer-
vefcence, and with great facility, in fulphurous
acid. This acid, like the muriatic, has even the
property of diffolving metallic oxyds furcharg-
ed with oxygen, and which are, confequently,
" infoluble in fulphuric acid,.and in this way true
fulphats are formed. Hence we might be led
to conclude that there are no metallic fulphites;
were it not that the phenomena which accom-
pany the folution of iron, mercury, and fome
‘other metals, convince us that thefe metallic
fubftances are fufceptible of two degrees of oxy-
dation, during their folution in acids. There-
fore the neutral falt in which the metal is leaft
oxydated muft be named fulpbite, and that in
which it is fully oxydated muft be called Julpbat.
It is yet unknown whether this diftintion is ap-
plicable to any of the metallic fulphats, except
thofe of iron or mercury.

T4 TasLE
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Yasix of :be Combinations of the Pbofpberous
axd Fooppberic Acids with the Salifiable Bafes,
is :de Urder of Affinity.

Nawes of tbe

Baies.
Lime
Strontites
Barytes
Magnefis
Potatb
Soda
Ammoniac
Argill .
Oxyds of ¢

zinc
iron

manganefe

cobalt
nickel

Names of the Neutral Salts formed by
Phofpborous Acid.  Phofpboric Aeid.
Phofphites of *  Phofphats of }
lime lime.
frontites ftrontites.
barytes barytes.
magnefia magnefis.
potath potafh.
foda foda.
ammoniec ammoniac.
argill argill.
zine zinc.
iron iron.
;;:fmefe manganefe
t cobalt,
nickel nickel.
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‘Ssct. XVL—0bfervations upon Pbofphorous and
Phofphoric Acids, and their Combinations.

Under the article Phofphorus, Part I1. Se&. IX.
we have already given a hiftory of the difco-
very of that fingular fubftance, with fome obfer-
vations upon the mode of its exiftence in ve-
getable and animal bodies. The beft method
of obtaining this acid in a fate of purity is by
burning well purified phofphorus under bell-
glaffes, moiftened on the infide with diftilled
water ; during combuftion it abforbs twice and
a half its weight of oxygen; fo that 100 parts
of phofphoric acid is compofed of 282 parts of
phofphorus united to 714 parts of oxygen. This
acid may be obtained concrete, in form of white
flakes, which greedily attra& the moifture of the
air, by burning phofphorus in a dry glais over
mercury. .

To obtain phofphorous acid, which is phofpho-
rus lefs oxygenated than in the ftate of phofpho-
ric acid, the phofphorus muft be burnt by a very
flow fpontaneous combuftion over a glafs funnel
leading into a chryftal phial ; after a few days,
the phofphorus is found oxygenated, and the
phofphorous acid, in proportion as it forms, at-
tradts moifture from the air, and drops into the
phial. The phofphorous acid is readily changed
"Wto phofphoric acid by expofure for a long time

4 to
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to the free air ; it abforbs oxygen from the air,
and becoms fully oxygenated.

As photphorus has a fufficient affinity for oxy-
gen to attradt it from the nitric and oxygenated
muriatic acids, we may form phofphoric acid, by
means of thefe acids, in a very fimple and cheap
manner. Fill a tubulated receiver, half full of
concentrated nitric acid, and heat it gently, then
throw in fmall pieces of phofphorus through the
tube, thefe are diffolved with effervefcence, and
red fumes of nitrous gas fly off ; add phofphorus
fo long as it will diffolve, and then increafe the
fire under the retort, to drive off the laft parti-
cles of nitric acid ; phofphoric acid, partly fluid
and partly concrete, remains in the retort.
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TABLE of the Combinations of Carbonic Acid, with
the Salifiable Bafes, in the Order of Affinity.

Names of the Ba/&:. Rﬂ'ﬂg Neutral Salts.
' 0ld Nomenclature.

Carbonats of * ¢ Aérated or Effervefcent hea
Barytes barytes { ea;th "
. Chalk, Calcareous fpar,
Lime lime Aerated calcarto?u earth.
Strontites ftrontites Unknown.
Effervefcing or Aé&rated fixed
Potath potath vegetable alkali, Mephitis of
- potath.
Soda foda Aérated or Effervelcing fixed

mineral alkali, Mephitic {oda.
Aérated, effervefcing, mild of
mephmc magoelia.
Aérated, effervefcing, mild or
mephmc, volatile alkali.

Argill argill i{ Aérated or effervefcing argilla-

Maguefia magnefia

Ammoniac ammoniac

ceous earth, or Earth of alum.
Oxyds of ) Zinc fpar, Mephitic or aéra-
zinc zinc ted zioc.
Sparry iron-ore, Mephitic of
. aérated iron.
' manganefe manganefe  Aérated manganefe.

iron iron

cobalt cobalt Aérated cobalt.
nickel nickel Acérated nickel.
lead lead Spla::()l' lead-ore, or Aérated
tin tin Aérated tin.
copper copper Aérated copper.
bifmuth bifmuth Acérated bifmuth,
antimony  antimony Asérated antimony.
arfenic arfenic Acérated arfenic.
mercury mercury Acérated mercury.
filver filver Aérated filver.
gold dold Aérated gold.
plauna platina. Aérated platina.

SecT.

* As thefe falts have only been underftood of late, they
have not, properly fpeaking, any old names. Mr Morveau, in
the Firft Volume of the Encyclopedia, calls them AMepbites ;3
Mr Bergman gives them the name of aérated; and Mr de
Fourcroy, who calls the carbonic acid cbalty acid, gives them

he name of chalés.—A.
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Sect. XVII.—Obfervations upon Carbonic Acid,

and its Gombinations.,

Of all the known acids, the carbonic is the
moft abundant in nature ; it exifts ready form-
ed in chalk, marble, and all the calcareous
ftones, in which it is neutralized by a particu-
lar earth called /ime. To difengage it from this
combination, nothing more is requifite than to
add fome fulphuric acid, or any other which
has a ftronger affinity for lime ; a brifk effervef-
cence cnfues, which is produced by the difenga-
ged carbonic acid affuming the ftate of gas, im-
mediately upon being fet free. This gas, inca«
pable of being condenfed into the folid or liquid
form by any degree of cold or of preflure hither-
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this acid to Dr Black, before whofe time its pro-
perty of remaining always in the ftate of gas
had made it to elude the refearches of chemiftry.
It would be a moft valuable difcovery to fo-
ciety, if we could decompofe this gas by any
cheap procefs, as by that means we might ob-
tain, for economical purpofes, the immenfe
ftore of charcoal contained in calcareous earths,
marbles, limeftones, &c. This cannot be ef-
fected by fingle affinity, becaufe, to decompofe
the carbonic acid, it requires a fubftance as
combuftible as charcoal itfelf, fo that we fhould
only make an exchange of one combuftible bo-
dy for another not more valuable; but it may
poffibly be acccomplifhed * by double affinity,
fince this procefs is fo readily performed by Na-
ture, during vegetation, from the moft common

materials.
TasLE

* Mr Smithfon Tesnant has given, in the Phil. Tranf.
for 1791, Art. XI. fome experiments on the decompofi-
tion of carbonic acid. Some powdered marble, {lightly eal-
cined, 2nd fome phofphorus, being introduced into a glafs
tube coated with a lute of fand and clay, are kept in a red
‘heat for fome minutes, and_fuffered to cool ; on breaking
the tube, a black powder is found, which confifts of char-
coal and phofphat of lime. In the laboratory of Dr Black,
the decompofition has been produced, via bumida ; fome
folution of fulphu- et of potafh, that had ‘lood for fe«
days in an opeo matrals, expofed to the air of !
which had been breathed by feveral hundred
found to have depofited charcoal on the fid

Afel.==T.
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TABLR of the Combinations of Muriatic Acid with the
Salifiable Bafes, in the Order of Affinity.

Names of the

Bafes.
Barytes

Potath

Soda
Strontites

Lime

ga efia
Ammoniac
Argill

e * ~

Refulting Neutral Salts.
New Nomenclature. 0ld Nomenclature.
Muriat of { Sea-falt having bafe of
barytes heavy earth,

Febrifuge falt of Sylvias,
potath {Mnriated vegetable fixed

alkali.
foda Sea-falt.
ftrontites Unknown.
I Muriated lime,
ime Oil of lime.

Marine Epfom falt.
magnefia Muriated l:nagncﬁa.
ammoniac Sal ammoniac.

Muriated alum, Sea-falt
argill { with bafe of earth of

alum. ..
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TABLE of the Combinations of Oxygenated Muria-
tic Acid with the Salifiable Bafes, in the Order

of Affinity.

Narmes of the Bafes.

Barytes
Potafth
Soda
Lime
Magnefia
Argill
Oxyd of
zinc
iron
manganefe
cobalt
nickel
lead
tin
copper
bifmuth
antimony
arfenic
mercury
filver
gold

pla

This o
mifls, wa

Names of the Neutral Salts by

the New Nomenclature.

Oxygenated muriat of

barytes.
potafh.
foda.
lime.
magnefia,
argill,

zinc,
iron.
manganefe,
cobalt.
nickel.
lead.

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

gold.
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The muriatic acid has only a moderate ad-
herence to the falifiable bafes, and can readily
be driven from its combination with thefe by
fulphuric acid. Other acids, as the nitric, for
inftance, may an{wer the fame purpofe ; but ni-
tric acid being volatile, would mix, during diftil-
lation, with the muriatic. About one part of ful-
phuric acid is fufficient to decompofe two parts of
decrepitated fea-falt. This operation is performed
in a tubulated retort, having Woulfe’s apparatus,
PL IV. Fig. 1. adapted to it. When all the junc-
tures are properly luted, the fea-falt is put into
the retort, through the tube, the fulphuric acid
is poured on, and the opening is immediately
clofed by its ground cryftal ftopper. As the
muriatic acid can only fubfit in the gaffeous
form, in the ordinary temperature, we cannot
condenfe it without the prefence of water. Tlcnce
the ufe of the water with which the bottles in
Woulfe’s apparatus are half filled ; the muriatic
acid gas, driven off from the fea-falt in the retort,
combines with the water, and forms what the ¢ld
chemifts called fmcaking jpirit of falt, or Glauber’s
Jpirit of fea-falt, which we now name muriatic
acid.

The 3acid obtained by the above procefs is
ftill capable of combining with a further quantity
of oxygen, by being diftilled from the oxyds of
manganefe, lead or mercury ; and the refultine
acid, which we name oxygenated muriatic

U
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can only, like the former, exift in the gaffeous
form, and is abforbed, but in a much f{maller
quantity, by water. When the impregnation
of water with this gas is pufhed beyond a cer-
tain paint, the fuperabundant acid precipitates,
to the bottom of the veflels in a concrete form.
Mr Berthollet has fhown that this acid is capa-
ble of combining with a great number of the
{alifiable bafes. The neutral falts which refult
from this union are fufceptible of deflagrating
with .charcoal, and with many of the metallic
fubftances ; but thefe deflagrations are very vio-
lent and dangerous, owing to the great quantity
of caloric which the oxygen carries along with
i into the compofition of oxygenated muriatic
acid *.
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TAM.!: of the Combinations of Nitro-muriatic Acid
with tbe Salifiable Bafes, in the Order of Af-
Sfinity, fo far as is known.

Names of the Neutral Salts:

U2

Names of the Bafes.
Argill ' Nitro-muriat of argill.
Ammoniac ammoniac.
Oxyd of - ‘
antimeny antimony.
filver filver.
arfenic arfenic.
Barytes barytes..
Oxyd of
bifmuth bifmath.
Lime fime.
Oxyd of
cobalt cobalt.
copper copper.
tin tin,
iron iron.
Magnefia magnefia.
Oxyd of
manganefe manganefe.
mercury mercury.
molybdena molybdena.
nickel nickel.
gold gold.
platina platina.
lead lead.
Potath potath.
Soda foda.
Oxyd of
tungftein tungftein,
zinc zinc.

Skcr.

Note.—Moft of thefe combinations, efpecially thofe

with the earths and alkalies, have been’ little examined,
and we are yet to learn whether they form a mé

in which the compound radical remains combin

two acids feparate, to form two diftin& neytrsl



Sect. XI1X.—Obfervations upon the Nitro-Muri-
atic* Acid, and its Combinations.

The nitro-muriatic acid, formerly caled aqua
regia, is formed by a mixture of nitric and mu-
riatic acids. The radicals of thefe two acids
combine together, and form a compound bafe,
from which an acid is produced, having propet-
ties peculiar to itfelf, and diftin& yfrom thofe of
all other acids, efpecially the power of diffolving
gold and platina.

In diffolutions of metals in this acid, as in all
other acids, the metals are firft oxydated by at-
tracting a part of the oxygen from the compound
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upon platina, in which I diffplved a confiderable
quantity of that metal in nitro-muriatic acid.

I at firft fufpe@ed that, in the mixture of ni-
tric and murfatic acids, the latter attracted a
part of the oxygen from the former, and be-
came converted into oxygenated muriatic acid,
which gave it the property of diffolving gold ;
but feveral fa®ts remain inexplicable upon this
fuppofition. Were it fo, we thould be able to
difengage nitrous gas by heating this acid, which
however does not fenfibly happen. From thefe
confiderations, I am led to adopt the opinion
of Mr Berthollet, and to confider nitro-muria-
tic acid as a fingle acid, with a compound bafe
or radical.

Ugj TasLx
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TABLE of the Combinations of Fluoric Acid with
the Salifiable Bafes, in the Order of Affiniry.

Names of the Bafes.

Lime
Barytes
Strontites
Magnefia
Potafh
Soda
Ammoniac
Oxyd of
zinc
manganefe
iron
lead
tin

Names of tbe Neutral Sakts.
F¥luat of lime *,

barytes.

ftrontites.

magnefia, ,
potafh,

foda.

ammoniac,

zinc.
manganefe,
iron.

lead.

tin.
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Sret. XX.—O0bfervations upon the Fluoric Acid,
and its Combinations.

Fiuoric acid exifts ready formed by Nature,
in the fluoric {pars *, combined with calcareous
earth, fo as to form an infoluble neutral falt.
To obtain it, difengaged from that combination,
fluor fpar, or fluat of lime, is put into a leaden
retort, with a propet quantity of fulphuric acid ;
a recipient, likewife of lead, half full of water,
is adapted, and fire is applied to the retort. The
fulphuric acid, from its greater affinity, expels
the fluoric acid, which pafles over and is abforb-
ed by the water in the receiver. As fluoric acid
is naturally in the gaffeous form in the ordinary
temperature, we can receive it in a pnuemato-
chemical apparatus over mercury. We are obli-
ged to employ metallic veflels in this procefs,
becaufe fluoric acid diffolves glafs and filiceous
earth, and even renders thefe bodies volatile,
carrying them over with itfelf in diftillation in
the gaffeous form.

We are indebted to Mr Margraff for our firft
acquaintance with this acid ; though, as he could

Uy never

#* The beautiful fpars from Derbythire are of this kind.
-T. :
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n sooorT = e from coxbination with &
rziamaie DlamTIw of Riiceoas earth, he was
croepet o S Neery za acd foi genens. The
e 2t _aaenst wnder the name of Mr Bou-
e, nes o2 3eraNy increated cur knowledge
k> TooerTus 1 and Mz Scheede ieems to have
sl bl e Ghed. The oaly thing remain-
mE Y W anSaweer © dicover the nature of
e Foece meiak of which we cannot hitherto
e ure dani, ss the i does not appear to
e herr Jecumgpuaed in any experiment.  Itis
ane Iv mems of coaspoaed affinity that experi-
morN angit 3 be made with this view, with
- ;-nmmqr o Fonvess.
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T ABLE of the Combinations of Boracic Acid with
the Salifiable Bafes, in the Order of Affinity.

Bafes.’
Lime* -
Barytes
Strontites
Magnefia
Potath
Soda
Ammoniac
Oxyd of
zinc
iron °
lead
tin
cobalt
copper
nickel
mercury
Argill

”
Neytral Sghs.
Borat of lime.

barytes.

ftrontites.
magnefia.

potath.

foda. .
ammoniac,

zinc.
iron.
lead.
tin.
cobalt.
copper.
nickel.
mercury.
argill.
Secr.

Note.—Moft of thefe combinations were neither knowa,
nor named by the old chemifts. The boracic acid was
formerly called fedative falt, and. its componnds borgx,
with bafe of fixed vegetable alkali, &c.—A.

* By Dr Hope’s experiments, in his paper on ftronti-
tes, read to the Royal Society of Edinburgh, lime follows
barytes, and:the:fnperiority between lime.and ftrontites

h mm.—r- .
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Sacv. XNI.—Obfervations upon Boracic Acid,
and its Combinations.

This is a concrete acid, extra&ted from a falt
procured in India, called borax or tincall. Al-
though borax has been very long employed in
the arts, we have as yet very imperfe&t know-
ledge of its origin, and of the methods by which
it is extra&ted and purified ; there is reafon to
believe it to be a native falt, found in the earth,
in certain parts of the eaft, and in the water of
fome lakes. The whole trade of borax is in the
hands of the Dutch, who have been exclufively
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fulphuric acid, or any other having greater af.
finity to foda than the boracic acid ; this latter
acid is feparated, and is procured in a cryftalline
form by cooling. - This acid was long confider<
ed as being formed during the procefs by which
it is obtained; and was confequently fuppofed
to differ according to the nature of the acid
employed in feparating it from the foda; but
it is now univerfally acknowledged that it is
identically the fame acid, in whatever way pro-
cured, provided it be properly pyrified from
mixture of other acids, by wathing, and by re-
peated folution and cryftallization. It is foluble
both in water and alkohol, and has the pro-
perty of communicating a green colour to the
flame of that {pirit. This circumftanece led to
a fufpicion of its containing copper, which is
not confirmed by any decifive experiment: On
the contrary, if it contain any of thatmetal, it
muft only be confidered as an accidental mix-
ture. It combines with the falifiable bafes in
the humid way ; and though, in this manner, it
is incapable of diffolving any of the metals di-
re@ly, this combination is readily affe@ed by
compound affinity.

The Table prefents its combtations 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, argill,

though
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though the laft in our lift, muft be placed im.
mediately after foda.

The boracic radical is hitherto unknown, no
experiments having as yet been able to decom-
pofe the acid ; but we conclude, from analogy
with the other acids, that oxygen exifts in its
compofition, as the acidifying principle.

TABLE
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'TABLE of the Combinations of Arfeniac Acid with
the Salifiable Bafes, in the Order of Affinity.

Bafes.

Lime
Barytes
Strontites
Magnefia
Potafh
Soda
Ammoniac
Oxyd of
zinc

manganefe |

iron
lead
tin
cobalt
copper
nickel
bifmuth
mercury
antimony
filver
gold
platina
Argill

Nestral Salts.
Arfeniat of lime.

barytes.
ftrontites,
magnefia.
potath.
foda.
ammoniac,

2inc,
manganefe.
iron.
lead.

tin.
cobalt.
copper.
nickel.
bifmuth.
mercury.
antimony.
filver.
gold.
platina.
argill.

SecT.

Note.—This order of falts was entirely unknown to the
old chemifts. Mr Macquer, in 1746, difcovered the com-
binations of arfeniac acid with potath and foda, to which
he gave the name of arfenical neutral falts.—A.
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Sect. XXI11.—Obfervations upon Arfeniac Acid,
and its Comoinations.

In the Collections of the Academy for 1746,
Mr Macquer fhews, that when a mixture of
white oxyd of arfenic and nitre are fubjeéted to
the action of a ftrong fire, a neutral falt is ob-
tained, which he calls neutral falt of arfenic.
At that time, the caufe of this fingular pheno-
menon, in which a metal acts the part of an a-
cid, was quite unknown; but more modern
experiments teach, that, during this procefs,
the arfenic becomes oxygenated, by carrying
off the oxygen of the nitric acid; it is thus
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may be colle®ted in proper veflels. The ar-
feniac acid is entirely freed from the other acids
employed during the procefs by heating it in a
crucible till it begins to grow red ; what remains
is pure concrete arfeniac acid.

Mr Scheele’s procefs, which was repeated
with great fuccefs by Mr Morveay, in the la-
boratory at Dijon, is as follows: Diftil muria-
tic acid from the black oxyd of manganefe;
this converts it into oxygenated muriatic acid,
by carrying off the oxygen from the manganefe;
receive this oxygenated acid in a recipient, con-
taining white oxyd of arfenic, covered by a little
diftilled water ; the arfenic decompofes the oxy-
genated muriatic acid, by carrying off its fuper-
faturation of oxygen, and is converted into arfe-
niac acid, while the oxygenated muriatic acid
is brought back to the ftate of common muriatic
acid. The two acids are feparated by diftilla-
tion, with a gentle heat increafed towards the
end of the operation ; the muriatic acid paffes
over, and the arfeniac acid remains behind in g
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 pre-
vented by continuing to add nitrous acid, as
in the former procefs, till no more nitrous gas
is produced. From all thefe obfervations, I

would :
/
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would give the following definition of arfeniac
acid. It.is a white concrete nietallic acid, form-
ed by the combination of arfenic with oxygen;
it is fixed in a red heat, is foluble in water, and
is capable of combining with many of the fali-

fiable bafes.

Sect. XXI111.—0bfervations upon Molybdic Acid,
and its Combinations with Acidifiable Bafes *.

Molybdena is a particular metallic body, ca-
pable of being oxygenated, fo far as to become
a true concrcte acid . For this purpofe, one
part by weight of the ore of molybdena, which
is a natural fulphuret of that metal, is put into
8 retort, with five or fix parts of nitric acid, di-
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of nitrous gas efcape; the molybdena is then
oxygenated as far as is poffible, and is found at
the bottom of the retort in a pulverulent form,
refembling chalk. It muft be wathed in warm
water, to feparate any adhering particles of ful-
phuric acid ; and, as it is hardly foluble, we lofe
very litle of it in this operation. All its combi-
nations with falifiable bafes were unknown to
the old chemifts *,

TABLE

* Meflrs Tondi and Ruprecht hate lately reduced Mo-
Jybdena to the reguline ftate, by a fimilar procefs to that
formerly defcribed for reducing the metals of Chalk, Mag-
nefia and Barytes. They defcribe the metallic button us
being convex and compad, and refembling fteel in its co-
lour ; its fracture is uneven and granalated, and has more
metallic luftre internally than on the furface ; it is britule,

not hard, and not attra&ible by,the magnet. On the
" furface of one of the buttons procured in thefe experi-
ments fome little cavities were obferved, in which the
motal had cryftallized in form of prifmatic needles,
which were too {fmall to allow of their particular confign-
ration being accurately determined. The fpecific gravity
of this metal, according to the experiments of Mr Haid-
inger, counfellor of the Schemnitz mines, is 6.963, water

taken as 1.000,—T.
A . -

X
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TABLE of the Combinations of Tungflic Acid with

the Salifiable Bafes.

Bafes. Newtral Salts.

Lime Tungftat of lime.
Barytes barytes.
Magnefia magnefia.
Potafh potafh.
Soda ~ foda.
Ammoniac ammoniac.
Argill argill.

Oxyd of
antimony *, &ec. antimony $, &ec.
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from a pearl-whnte to a yellow and reddifh ; it
is found in feveral parts of Saxony drnd Bolie-
mia.. The mineral talled Wolfram, which is fre-
quent in the mines of Cornwall, is likewife an
ore of this metal. 1n all thefe ores the metal is
oxydated ; "and, in for® of them, it appears
even to be oxygenated to the ftate of acid, being
combmcd thb lxme into a true tungﬁat of hme

and melt the mixture in a crucible ; then powder
itand pour on twelve parts of boiling Water, add
nitric acid, and the tungftic acid precipitates in
a concrete form. Afterwards, to infure the comi-
plete oxygenation of the metal, add more hitric
acid, and eévaporate to drynefs, rcpeatirg this

operation fo long as red fumes of nitrous gas are
produced.” . To procure tungttic acid perfe&ly
pure, the fuﬁon of the ore with carbonat of pot-
ath muft be made in a crucible of platina, other-
wife the earth of the common crucibles will niix
with the products, and adulterate the acid.

Xa i) KaBLE
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Sect. XXV.—0bfervations spon Tartarous .A-
cid, and its Gombinations.

Tartar, or the concretien which fixes to the
infide of veflels in which the fermentation of
wine is completed, is a2 well known falt, com-
pofed of a peculiar acid, united, in confiderable
excefs, to patath. : 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 dire@s us to proceed in
the following manner. Diffolve purified tartar
in boiling water, and add a fufficient quantity
of lime till the acid be completely faturated.
The tartarite of lime, which is.thus formed, be-
ing almoft infoluble ip cold water, falls to the
bottom, and is feparated from the folution of
potath by decantation; it is afterwards wathed
in cold water, and .dried ; then fome fulphuric.
acid, diluted with eight.or nine parts of water,
is poured on ; digeft for twelve hours in a gentle
heat, frequently ftirring the mixture, and the
fulphuric acid combines with the lime, leaving
the tartarous acid free. A f{mall quantity of
gas, not hitherto examined, is difengaged during
this procefs. At the end of twelve hours, ha-
ving decanted off the clear liquor, wafh the ful-
phat of lime in cold water, which add to the
decanted liquor, then evaporate the whole, and

X3 the
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Jalt, which we name tartarite of pota/h. With
foda this acid forms tartarite of foda, formerly
called fal de Seignette, or fal polychrefl of Rochell®,

Secm XX VI.—Obfervations upon Malic Acid,
- and its Combinations with the Salifiable Bafes +.

The malic acid exifts ready formed in the
four juice of ripe and unripe apples, and many
other fruits, and is obtained as follows: Satu-
rate the juice of apples with potafh or {oda, and
add a proper proportion of acetite of lead dif-
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 {oda remains in the
liquor. The malat of lead being feparated by
decantation, is wafhed with cold wgter, and fome
dilute fulphuric acid is added ; this unites with
the lead into an infoluble fulphat, and the ma-
lic acid remains free in the liquor.

X 4 This

* This account of the compofition of Rochell falt is not
quite accurate : It is a triple falt, confifting of tartarous a-
cid (aturated by foda and potath, and is formed by com-
pletely neutralizing acidulous tartarite of potath, by the
addition of a fufficient quantity of foda.—T.

4+ I have omitted the Table, as the order of affinity is
unknown, and is given by Mr Lavoifier only in alphabeti-
cal order. All the combinations of malic acid with fali-
%able bafes, which are named malats, were unknown tg

‘old chemifts—T.
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This acid, which is found mixed with citric
and tartarous acid in a great number of fruits,
is a kind of medium between the oxalic and ace-
tous acids, being more oxygenated than the for-
mer, and lefs fo than the latter. From thés cir-
cumftance, Mr Hermbftadt calls it imperfeét vine-
gar ; but it differs likewife from acetous acid, by
having rathcer more carbon, and lefs hydrogen,
in the compofition of its radical.

When an acid much diluted has been ufed in
the foregoing procefs, the liquor contains oxalic
as well as malic acid, and probably a little tar-
tarous; thefe are feparated by mixing lime-wa-
ter with the acids, oxalat, tartarite, and malat
of lime are produced ; the two former, being in-
foluble, are precipitated, and the malat of lime
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TABLE of the Combinations of Citric Acid with
the Salifiable Bafes, in the Order of Affinity*.

. Bafes. Neutral Saits.
Barytes barytes. ..
Lime lime. -
Magnefia magnefia,
Potath potath.
Soda {oda.
Ammoniac ammoniac.
Oxyd of
zinc zinc,
manganefe manganefe,
iron iron.
lead lead. .
cobalt cobalt.
copper copper.
arfenic . arfenic.
mercury mercury.
antimony antimony.
filver filver.
gold gold.
platina platina. .
Argill argill.

Skcr.

* Thefe combinations were unknown to the old che-
mifts. The order of affinity of the falifiable bafes with
this acid was determined by Mr Bergman, and by Mr de
“Breney of the Dijon Academy.—~A.
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TABLE of the Combinations of Pyro-lignous A-
cid witb the .Salifiable Bafes, in the Order of

Affinity *,
Bafes.
Lime
Barytes
Potath
Soda -
Magnefia
- Ammoniac
. Oxyd of
zinc

manganefe

iron

lead

tin
cobalt
copper
nickel
arfenic
bifmuth
mercury
antimony

filver

gold

platina
Argill

Neutral Saits.

- Pyro-lignite of lime,

barytes, |
potafh.

* foda.
‘magnefia.
- ammoniac.. ..

zinc.
manganefe.
iron.

lead.

tin. -

“cobalt.

copper.;
nickel.
arfenic.

__bifmauth.

Ipercury.

_antimony.

filver.
gold.
platina.
argill,
Secr.

* The above affinities were determined by Meflrs de
Morveau and Eloi Bourfier de Clervaux. Thefe combi-
ndtions were entirely unknown till lately.—A..
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Sz:7. XXVIII.—Obfervations upon tbe Pyroky-
z:ar Acid, and its Combinations.

The old chemifts obferved that moft of the
w20ds, efpecially the more heavy and compad&
ones, give out a particular acid fpirit, by dif-
tillation in a naked fire ; but, before Mr Goet-
lizz, who gives an account of his experiments
upon this fubjed in Crell’s Chemical Journal for
1779, .o one had ever made any inquiry into its
nature and properties. This acid appears to be
the fame, whatever be the wood it is procured
from. When firft diftilled, it is of a brown co-
lour, and confiderably impregnated with carbon
and oil ; it is purified from thefe by a fecond
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fied acidulous tartarite of potafh, by diftillation
in a naked fire. To obtain it, let a retort be
half-filled with powdered tartar, adapt a tubue
lated recipient, having a bent tube commtnica.
ting with a bell-glafs'in a pneumato-chemical
apparatus ; by gradually raifing the fire under
the retort, we ohtain the pyro-tartarous acid mix-
ed with oil, which- is feparated by means of a
funnel. A vaft quantity of carbonic acid gas is
difengaged during the diftillation. The acid
obtained by the above procefs is much contami-
nated with oil, which ought to be feparated from
it. Some authors advife to do this by a fecond
diftillation ; but the Dijon academicians inform
us, that this is attended with great danger, from
explofions which take place during the procefs.

TABLE

rity to pyro-lignous acid, foppofes the order to be the
fame in both ; but, as this is not afcertained by experi-
ment, the table is omiteed. All thefe combinations, call-
ed Pyro-tartarites, were unknown till lately.~T.
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Sect. XXX, —0bfervations upon Pyro-mucous
Acid, and its Combinations.

This acid is obtained by diftillation in a naked
fire from fugar, and all the faccharine bodies ;
and, as thefe fubftances {well greatly in the
fire, it is neceffary to leave feven-eights of the

- retort empty. Itis of a yellow colour, verging
to red, and leaves-a mark upon the fkin, which
will not remove but along with the epidermis.
It may be procured lefs coloured, by means of
a fecond diftillation, and is concentrated by
freezing, as is direted for the citric acid, It is
chiefly compofed of water and oil, flightly oxy-
genated, and is convertible into oxalic and ma-
lic acids, by farther oxygenation with the nitric
acid.

It has been pretended that a large quantity of
gas is difengaged during the diftillation of this
acid, which 18 not the cafe if it be conducted
flowly, by means of moderate heat, .

TasLE
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SEC.T.‘XXXi.;ObL)i!ﬁ;ltioﬂJ: upon Oxalic Acz'd;
_and its Combinations.

The oxallc acid is moﬁly prepared in Switzer-
land and Germany from the exprefled juice of
forrel, from ‘which .it cryftallizes by being left
long at reft; in this ftate it is partly faturated
with potath, formmg a true acidulous oxalat of
potafh, or falt with exccfs of acid. To obtam

it pure, it muft be formed artificially by oxyge-
" nating fugar, which feems to be the true oxainc
radical. Upon one part of fugar pour fix or
eight parts of nitric acid, and apply a gentle
heat; a confiderable effervefcence takes place,
and a great quantity of nitrous gas is difenga-
ged ; the nitric acid is decompofed, and its oxy-
gen unites to the fugar: by allowing the liquor,
to ftand at reft, cryftals of pure oxalu: acid are,
formed, which mut be dried upon’ blottmg pa-
per, to feparate any remaining portions of nitric
acid ; and, to enfure the purity of the acid, dif-
folve the cryftals in diftilled water, and cryftal-.
lize them afrefh. ,

From the liquor remaining after the firft cryf-
tallization of the oxalic acid we may obtain
malic acid by refrigeration : This acid is more
oxygenated than the oxalic-; amd by a further

Y .- bMygétiation,
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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
reafon to believe that the acetous radical con-
tains a {mall portion of azot; and as this ele-
ment is not contained in the radicals of any ve-
getable acid, except the tartarous, this circum-
ftance is one of the caufes of difference. The a-
cetous acid, or vinegar, is produced by expofing
wine to a gentle heat, with the addition of fome
ferment: This is ufually the ley, or miother,
which has feparated from other vinegar during
fermentation, or fome fimilar matter. The {pi-
rituous part of the wine, which confifts of car-
bon and hydrogen, is oxygenated, and convert-
ed into vinegar: This operation can only take
place with free accefs of air, and is always at-
tended by a diminution of the air employed, in
confequence of the abforption of oxygen;
wherefore it ought always to be carried on in
veflels only half filled with the vinous liquor
fubmitted to the acetous fermentation.

The acid formed ‘during this procefs is very
volatile ; it is mixed with a large proportion of
water, and with many foreign fubftances, and
to obtain it pure, it muft be diftilled, in ftone or
glafs veflels, by a gentle fire. The acid which
paffes over in diftillgtion is fomewtrat changed
by the procefs, e fame

. 1re
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nature with what remains in the alembic, but
feems lefs oxygenated : This circumftance has
not been formerly obferved by chemifts.
Ditillation 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 degree
of cold of from 19° to 23° of Fahrenheit ; by this
means thie 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 gafleous
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
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with refpe& 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 pre-
yious to folution.
The older chemifts '’knew hardly any of the
{alts formed by the combinations of acetous acid
with the falifiable bafes, except the acetites of
potath, foda, ammoniac, copper, arid lead. Mr
Cadet difcovered the acetite of arfenjc* ; Mr
Wenzel, and the Dijon academicians, Mr de Laf-
fone and Mr Prouft, made us acquainted with
the properties of the other acetites. From the
property which acetite of potafh poflefles, of gi-
ving out ammoniac in diftillation, there is fome
reafon to fuppofe, that befides carhon and hydro-
gen, the acetous radical contains a fmall propor-
tion of azot ; though it is not impoffible but the
above produétion of ammoniac may be occafion-
ed by the decompofition of the potath.

Y3 TaABLE

# Savans Etrangers, Vol. 1L,
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TABLE of the Combinations of Acetic Acid with
the Salifiable Bafes, in the Order of Affinity.

Bafes.
Barytes
Potath
Soda
Lime
Magnefia
Ammoniac
Oxyd of

zinc

manganefe
iron

lead

tin

cobalt

Neutral Salts.

Acetat of barytes.

potafh.
foda.

lime.
magnefia.
ammoniac.

zinc.
manganefe,
iron.

lead.

tin.

cobalt.
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)

Sect. XXXIII.~—Obfervations upon Acetic Acid,
and its Combinations.

We have given to radical vinegar the name of
acetic acid, from fappofing that it confifts of the
fame radical with that of the acetous acid, but
more highly faturated with oxygen. According
to this idea, acetic acid is the' higheft degree of
oxygenation of which the hydro-carbonous radi-
cal is fufceptible ; but although this circum-
ftance be extremely probable, it requires to be
confirmed by farther and more decifive experi-
ments, before it be adopted fas an abfolute che-
mical truth. We procure this acid as follows:
Upon three parts acetite of potafh or of copper,
pour one part of concentrated fulphuric acid,
and, by diftillation, a very highly concentrated
vinegar is obtained, which we call acetic acid,
formerly named radical vinegar. It is not hi-
therto rigoroufly proved that this acid is more
highly oxygenated than the acetous acid, nor
that the difference between them may not con-
fit in a different proportion betwecen the ele-
ments of the radical or bafe.

Y 4 ~ TasL
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-.Sect. XXXIV. —Obfer«vatz;om upon Succinic A.
", cid, and i4s Combinations.

The fuccinic acxd is drawn from amber by
“{ublimation in a gentle heat, and rifes in a con-
crete form.into the neck of the fubliming veflel,
The operation muft not be puthed too far, or by
too ftrong a fire, otherwile the ail of the amber
. rifes along with the acid. The falt is dried up-
on blotting paper, and purified by repeatcd fo-
lution and cryftallization. ,
The acid is foluble in twenty-four times its
weight of cold water, and in a much fmaller
guantity of hot water. It poffefles the qualities
of an acid in a very fmall degree, and only af-
fects the blue vegetable colours very flightly.
The affinities of this acid, with the falifiable
bafes, are taken from Mr de Morveau, who is
the firft chemift that has endeavoured to afceps
tain them, - - )

' Szcr._
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SecT. XXXV .—Obfervations upon Benzoic Acid,
and its Combinations with Salifiable Bafes *.

This acid was known to the ancient chemifts
under the name of the Flowers of Benjamin, or
of Benzoin, and was procured by fublimation,
from the gum or refin called Benzoin: The
means of procuring it, via bumida, was difco-
vered by Mr Geoffroy, and perfected by Mr
Scheele. Upon benzoin, reduced to powder,
pour ftrong lime-water, having rather an excefs
of lime ; keep the mixture continually ftirring,
and, after half an hour’s digeftion, pour off the
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diffolved, while the benzoic acid, being info-
Iuble, Pprecipitates in a concrete form.

Sect. XXXVI. — Obfervations upon 'Campboric
Acid, and its Combingtions with Salifiable
Bafes*, '

Campbhor is a concrete effential oil, obtained,
by fublimation, from a fpecies of laurus which
grows in China and Japan. By diftilling nitric
acid eight times from camphor, Mr Kofegarten
converted it into an acid analogous to the oxa-
lic; but, as it differs from that acid in fome
circumftances, we have thought neceflary to give
it a particular name, till its nature be more com-
pletely afcertained by farther experiment.

As camphor is a carbono-hydrous or hydro-
carbonous radical, it js eafily conceived, that,
by oxygenation, it fhould form oxalic, malic,
and feveral other vegetable acids : This conjec-
ture is rendered not improbable by the experi-
ments of Mr Kofegarten; and the principal
phenomena exhibited jn the combinations of
samphoric acid with the falifiable bafes, being

very

) ‘ Thefc combinations, which were all unknown to the



348 ELEMENTS

very fimilar to thofe of the oxalic and malic a-
cids, lead me to believe that it confifts of a mix-
ture of thefe two acids.

Sect. XXXVIL.—O0bfervations upon Gallic Acid,
and its Combinations with Salifiable Bafes*.

The Gallic acid, formerly called the Principle
of Aftringency, is obtained from gall-nuts, either
by infufion or decoion with water, or by dif~"
tillation with a very gentle heat. This acid
has only been attended to within thefe few
years. The committee of the Dijon Academy
have followed it through all its combinations,
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in oak, willow, marfh iris, the ftrawberry, nym-
phea, Peruvian bark, the flowers and bark of
pomegranate, and in many other woods and .
barks. .

Szcr. XXX VIL~—Obfervaions spos Lattic A-"
cid, and its Combinations with Salifiable Bafes®.

The only accurate knowledge we have of this
acid is from the works of Mr Scheele. It is
contained in whey, united to a {fmall quantity
of earth, and is obtained as follows : Reduce
whey to one eighth part of its bulk by evapo-
ration, and filtrate, to feparate all its cheefy
matter ; then add as much lime as is neceffary
to combine with the acid ; the lime is afterwards
difengaged by the addition of oxalic acid, which
combines with it into an infoluble neutral falt,
When the oxalat of lime has been feparated by
decantation, evaporate the remaining liquor to
the confiftence of honey ; the lactic acid is dif-
folved by alkohol, which does not unite with
the fugar of milk and other foreign matters;

thefe

* Thefe combinations are called Laftats ; they were all
unknown to the- older chemifls, and their affinities have

not yet been fcestained.—A.
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TAaBLE of the Combinations of Saccbo-laélic Acid
with thbe Salifiable Bafes, in the Order of Affi-

nity.

Bafes.
Lime
Barytes
Magnefia
Potath
Spda
Ammoniac
Argill
Oxyd of

zinc

manganefe
iron
lead

tin

cobalt
copper
nickel
arfenic
bifmuth
mercury
antimony
filver

Saccholat of lime.

barytes,

- magnefia.
. potafh,

foda.
ammoniac,
argill.

zinc,
manganefe.
iron. '
lead.

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

SECT,

Note.~All thefe were unknown to the older chemifts,

—A.

3
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TABLE of the Combinations of Formic Acid with
the Salifiable Bafes, in the order of Affinity.

Bafer.
Barytes
Potafh
Soda
Lime
Magnefia
Ammoniac
Oxyd of

. ginc
manganefe
iron
lead

tin

cobalt

copper
nickel
bifmuth
filver
Argill

Neutral Salts.

Formiat of barytes.

(2

potafh.
foda,
lime.
magnefia.
ammoniac.

zinc.
manganefe.
1iron.
lead.
tin,
cobalt.
copper.
nickel.
bifmuth.
filver.
argill,

SecT.

Note.—~All unknown to the older chemifts.—A.
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Sect. XL.—O0bfervations upon Formic Acid, and
its Combinations.

This acid was firft dbtained by diftillation
from ants, iu the laft century, by Samuel Fifher.
The f{ubje& was treated of by Margraff in 1749,
and by Meflrs Ardwiffan and Ochrn of Leipfic
in 1777. The formic acid is extrated from s
large fpecies of red ants, formica rufa, Lin.
which form large ant hills in woody places. It
is procured, either by diftilling the ants witha
gentle heat in a glafs retort or an alembic ; or,
after having wafhed the ants in cold water, and
dried them upon a cloth, by pouring on boiling
water, which diffolves the acid ; or the acid may
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Sect. XLI. — Obfervations upon Bombic Aiid,
and its Combinations wich Acidifiable Bafes %+

The juices of the filk worm feem to affume an
acid quality. when that infe& changes from the
larva to the chrylulis ftate. At the moment of
its efcape from the latter to the butterfly form,
it emits a reddifh liquot, Which reddens blue pa-
per, and which was firft attentively obferved by
Mr Chauflier of the Dijon Academy: He ob-
tained the acid by infufing filk-worm chryfalids
in alkohol, which diffolves their acid without
being charged with any of the gummy parts
of the infe@ ; and, by evaporating the alkohol,
the acid remains tolerably pure. The proper-
ties and affinities of this ‘acid are not hitherto
alcertained with any precifion; and we have
reafon to believe that analogous acids may be
procured from other infects. The radical of this
acid is probably, like that of the other acids from
the animal kingdom, compofed of carbon, hy-
drogen, and azot, with the addition, perhaps, of
phofphorus.

72 TasBLE

* Thefe combinations, named Bombats, were unknown
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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

zinc

Sebat of

Neutral Salss.
barytes.
potath,
foda.

lime.
magnefia.
ammoniac.

argill.

zinc.
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Sect. XLIL. — Obfervations upon Sebacic Acid,
and its Combinations.

To obtain the febacic acid, let fome fuet be
melted in afkillet over the fire, along with fome
quick-lime in fine powder, and conftantly ftir-
red, raifing the fire towards the end of the ope-
ration, and taking care to avoid the vapours,
which are very offenfive. By this procefs the
febacic acid unites with the lime into a febat of
lime, which is difficultly foluble in water ; it is,
however, feparated from the fatty matters with
which it is mixed by folution in a large quantity
of boiling water. From this the neutral falt is
feparated by evaporation ; and, to render it pure,

- is calcined, re-diflolved, and again cryftallized.
After this we pour on a proper quantity of ful-
phuric acid, and the febacic acid paffes over by
diftillation.

L3 SkecT.
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Stute NLIL—Obferyations upon the Lithic Acid,
amd ity Combinations with the Salifiable Bafes*.

Frowm the later experiments of Bergman and
Sheele, the urinary calculus appears to be a fpe-
viv ot talt with an earthy bafis ; it is flightly
avnlulny, and requires a lurge quantity of wa-
tev tw talation, three graing being fcarcely fo-
i w a thoutand parts of boiling water, and
I v at part again eryftallizes whencold. To
RV oaeote acid, which Me De Morveau calls
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TasLE of the Combinations of tbe Pruffic Acid
with the Salifiable Bafes, in tbe Order of Affi-

nity *,

Bafes.
Potath
Soda
Ammoniac
Lime
Barytes
Magnefia
Oxyd of
zinc
iron
manganefe
cobalt
nickel
lead
tin
copper
bifmuth
antimony
arfenic
filver
mercury
gold
platina

Nentral Salts.

Pmﬁat of potath.

foda.

ammoniac.

~ lime.

barytes.
magnefia.

zinc,
iron.
manganefe.
cobalt.
nickel.
lead.
tin.
copper.
bifmuth,
antimony..
arfenic.
filver.
mercury.
gold.
platina.
SECT,

.
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Sect. XLIV.—Obfervations upon the Pruffic A-‘
cid, and its Combinations.

As the experiments which have been made
hitherto upen this acid feem #till to leave a con-
fiderable degree of uncertainty with regard to
its nature, I fhall not enlarge upon its properties,
and the means of procuring it pure and difen-
gaged from combination. It combines with iron,
to which it communicates a blue colour, and is
equally fufceptible of entering into combination
with moft of the other metals, which are preci-
pitated from it by the alkalies, ammoniac, and
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upon the nature of this fubftance, until the fub-
ject has been farther elucidated by a greater num-
ber of experiments,

Sect. XLV.— Recapitulation of the foregoing Ob-
Jervations on the Acids, and their Combina-
tions ®,

It was thought, that it might be conducive to
the convenience and information of the reader
to {ubjoin the two following tables. The firft,
which is only a recapitulation of what is con-
tained in the foregoing fections, gives a gene-
ral view of the order of the affinities of the fa-
lifiable bafes with the feveral acids, fo far as is
hitherto known. Such acids as have a fimilar
order of affinity with thefe bafes, are placed to-
gether, at the head of the fame column, and
thofe of which the order of affinity, between
them and the bafes, have not been hitherto afcer-
tained, are omitted.

The fecond table contains a fpecimen of a
general view of the new chemical nomenclature,
as applied to the neutral falts, both in Latin

and

» The whole of this fe@ion was added to the fecond edi-
tion by the Tranflator,
1
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ever, can induce no ambiguity, as it muft be
generally underftood that no metal can enter

into. combination with an acid, unlefs it be pre-
vioufly oxydated,

TABLE
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TABLE or THE ACIDS IN THE ORDER OF
AFFINITY.
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V. VL VII.
Phofphorous, Phof-
phoric, Tungflic,
Tartarous, Oxalic,| Carbonic Acid. Murioxic Acid.
and Saccho-la&ic
Acids.
Calca. Baryta. Baryta.
Baryta. Calca. Lixa.
Magnefia. Lixa, Trona.
Lixa. Trona. - Calca.
Trona. Magnefia. Magnefia.
Ammona. Ammonas. Arga.
Arga. Ar,

Oxyds as in Coll. I.

g2
Oxyds as in Coll. I.

Ozxyds as in Coll. I.

VIIL IX. X.
Fluoric and Arfeniac Citric Acid. Pyro-lignous Acid.

Acids.
Calca. Baryta. Calca.
Baryta. Calca. Baryta.
Magnefia. Magnefia. Lixa.
Lixa. Lixa. Trona.
Trona. Trona. Maguefia.
Ammona. Ammona. Ammona.
Oxyds as in Coll. II.| Oxyds as in Coll. II.| Oxyds as ia Coll. II.
Arga. omitting Tin, Nickel,| Arga.

and Bifmuth. .
Arga.

XI. XIIL XAl
Pyro-mucous Acid. Succinic Acid. Pruffic Acid.
Lixa. Baryta. Lixa,

Trona. Calca. Trona.

Baryta. Lixa. Ammona.

Calca. Trona. Calca.

Maguefia. Ammona. Baryta,

Ammona. Magnefia. Magnefia.

Arga. Arga. Oxyds as in Coll. .|

Oxyds asin Coll. II.| Oxyds asin Coll. I. | placing Silver before
ting Silver, Gold, Mercury.

rina.
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TABLE or THE NOMENCLATURE
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OF THE NEUTRAL SaLTs.

367

Propofed Alteration,

Latin, Englith.
Lixa fulphurofa Sulphurous lixa
Trona fulphurofa trona
Ammona fulphurofa ammona
Calca fulphurica Sulphuric calca
Magnefia fulphurica ——— —— magnefia

Baryta fulphurica
Arga fulpharica
Lixa phofphorofa
Trona phofphorica
Ammona nitrofa
Argenta nitrica

Aura nitroxica

Mercuria muriatica

Lixa murioxica

Trona boracica
Ammona acetofa

Cupra acetica, &c.

————— baryta

arga
Phofphorous lixa
Phofphoric trona
Nitrous ammona
Nitric filver

Nitroxic gold

Muriatic Mercury

Murioxic lixa

Boracic trona
Acetous ammona

Acetic copper, 8c.

PAR™
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The weight of a determinate magnitude of wa-
ter has been generally afflumed as unity for this
purpofe ; and we exprefs the fpecific gravity of
gold, fulphuric acid, &c. by faying, that gold is
nineteen times, and fulphuric acid twice the
weight of water, and fo of other bodies.

It is the, more convenient to affume water as
unity in fpecific gravities, that thofe fubftances
whofe fpecific gravity we wifh to determine, are
moft commonly weighed in water for that pur-
pofe. Thus, if we wifh to determine the fpe-
cific gravity of gold flattened under the ham.
mer,: and fuppofing the piece of gold to weigh
4898% grs. in the air*, it is fufpended by
means of a fine metallic wire under the fcale ¢f
a hydroftatic balance, fo as to be entirely im-
merfed in water, and again weighed. The
piece of gold in Mr Briffon’s experiment loft by
this means 253 grs. ; and as it is evident that
the weight loft by a body weighed in water is
precifely equal to the weight of the water dif-
placed, or to that of an equal volume of water,
we may conchide, that, in equal magnitudes,
gold" weighs 4898%L grs. and water 253 grs.
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

* Vide Mr Briffon’s Effay upon Specific Gravity, p
‘—A. 3 '
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roughly comprehended. This want could not
have been fupplied from books; for, befides
that there arc not any which defcribe the mo-
dern inftruments and experiments fufficiently at
large, any work that could have been confulted
would have prefented thefe things under a very
different order of arrangement, and in a dif-
ferent chemical language, which muft greatly
tend to injurc the main ohje& of my perform-
ance.

Influenced by thefe motives, I determined to
referve, for a third part of my work, a fummary
defcription of all the inftruments and manipu-
lations relative to elementary chemiftry. I con.
fider it as better placed at the end than at the
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I am’ far from pretending by it to'fet afide
the neceffity of attendance upon le®tures and la-
boratories, for fuch as with to ‘aéqdire dccurate
knowledge of the {cience of chemift¥y. “Thefe
fhould familiarife themfElvesto the éniployment
of apparatus, and to the performance bf éxperi-
ments by aual experience. Nibil ¢ff ‘in intel-
leGtu quod mon prius fuerit in fenfu, thre motto
which the celebrated Rouelle caufed to be paint-
ed in large chara&ers on a confpicuous part of
his laboratory, is an important truth never to
be loft fight of either by teachers or ftudents of
chemittry.
. " Ghemical 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 or fifting, wafh-
ing, filtration, &c. Others may be confidered
as real chemical operations, becaufe they are per-
formed;by means of chemical powers and ageats;
fuch are folution, fufion, &c. Some of thefe
are intended for feparating the elements of bo-
dies from each other, fome for reuniting thefe
elements together, and fome, as combuftion, pro-
duce both thefe effe@s during the fame pro-
cefs.

Without rigoroufly endeaveuring to follow
" the above method, I mean to give a detail of
’ Aaz the
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I am far from pretending by it to”fet afide
the neceffity of attendance upon lettures and Ta-
boratories, for fuch as with to ‘acqdire accurate
knowledge of the fcience of chemiftzy. - “Thefe
fhould familiarifé themf@lves-to the cmployment
of apparatus, and to the performance of eéxperi-
ments by aCual experience. Nibil ¢t ‘in intel-
leCtu quod non prius fuerit in fenfu, the motto
which the celebrated Rouelle caufed to be paint-
ed in large charaers on a confpicuous part of
his laboratory, is an important truth never to
be loft fight of either by teachers or {tudents of
chemittry.

"Chemical operations may be naturally divided
into feveral claffes, 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 or fifting, wath-
ing, filtration, &c. Others may be confidered
as real chemical operations, becaufe they are per-
formed;by means of chemical powers and ageats;
fuch are folution, fufion, &c. Some of thefe
are intended for feparating the elements of bo-

* dies from each other, fome for reuniting thefe
elements together, and fome, as combuftion, pro-
duce both thefe effe@s during the fame pro-
cefs.

Without rigoroufly endeavouring to follow
the above method, I mean to give a detail of
Aaz the
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N
" "CHAP. L

Of the Irg/lrume'nt: neceffary for determining the
Abfolute and Specific Gravities of Solid and
Liguid Bodies.

o

HE beft metﬁod hitheito lmown for deter-
T mining the qudntities of fabflances fub-
mitted to chemical experiment, or refulting from
them, is by means of accurately conftru&®ed-beams
and fcales, with properly regulated weights;
which well known operation is called weighing.
The denomination and quantity of the weight
ufed as an unit or ftandard for thns ‘purpofe are
extremely arbitrary, and vary, not only in diffe-
rent kingdoms, but even in different ‘provinces
of the fame kmgdom, 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 fractions of
the fame denomination. For this- purpofe, un-
til all the weights ufed in fociety be reduced to
the fame ftandard, it will be fufficient for che-

A a 3 mtﬁs,
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t22Z, icined to experiments with certain re-
zgeais®, is cne of the beft for determining the
quality of waters, and is even capable of point-
ing cut differences which efcape the moft accu.-
rate chemical analyfis. I fhall, at fome future
period, give an account of a very extenfive fet
of experiments which I have made upon this
iubject.

Thefe metallic hydrometers are only to be
aied for determining the fpecific gravities of
fuch waters as contain only neutral falts or al-
kaline fubftances ; and they may be conftru&ted
with different degrees of ballaft for alkohol and
other fpiritous liquors. When the {pecific gra-
vities of acid liquors are to be afcertained, we
muft ufe a glafs hydrometer, as reprefented




.
e -

OF CHEMISTRY. 377

The weight of a determinate magnitude of wa-
ter has been generally aflumed as unity for this
purpofe ; and we exprefs the fpecific gravity of
gold, fulphuric acid, &c. by faying, that gold is
nineteen times, and fulphuric acid twice the
weight of water, and fo of other bodies.

It is the, more convenient to affume water as
unity in fpecific gravities, that thofe fubftances
whofe fpecific gravity we wifh to determine, are
moft commonly weighed in water for that pur-
pofe. Thus, if we with to determine the fpe-
cific gravity of gold flattened under the ham-
mer,. and fuppofing the piece of gold to weigh
4898%L grs. in the air#, it is fufpended by
means of a fine metallic wire under the fcale of
a hydroftatic balance, {o as to be entirely im-
merfed in water, and again weighed. The
piece of gold in Mr Briffon’s experiment loft by
this means 253 grs.; and as it is evident that
‘the weight loft by a body weighed in water is
precifely equal to the weight of the water dif-
placed, or to that of an equal volume of water,
we may conclude, that, in equal magnitudes,
gold" weighs 4898L grs. and water 253 grs.
which, reduced to unity, gives 1.cooo as the
fpecific gravity of water, and 19.3617 for that
‘of gold. We may operate in the fame manner

' with

* Vide Mr Briffon’s E.fay upon Specific Gravity, p. §.
A, 3
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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
thelf ABCD, as thewn Plate X. Fig. 1. F.—The
upper parts of the fides of the ciftern above the
level of the fhelf are called the rim or dorders.

The ciftern ought to be filled with water, fo
as to ftand at leaft an inch and a half deep over
the fhelf, and it thould be of fuch dimenfions as to
admit of at leaft one foot of water in every direc-

" tion in the well, orciftern. The fizeabove defcrib-
ed is fufficient for ordinary occafions ; but it is of-
ten convenient, and even neceffary, to have more
room ; I would therefore advife fuch as intend
to employ themfelves ufefully in chemical expe-
riments, to have this apparatus made of confide-
rable magnitude, where their place of operating
will allow. The well of my principal ciftern holds
four cubical feet of water, and its fhelf has a fur-
face of fourteen fquare feet ; yet, in fpite of this
fize, which I at firft thought immoderate, I am
often ftraitened for room.

In laboratories, where a confiderable number
of experiments are performed, it is neceffary to
have feveral lefler 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
“aperations whieh dirty the water of the appara-

tus,
-4
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tus, and therefore require to be carried on in cif-
terns by themfelves.

It were doubtlefs confiderably cheaper to ufe
citterns of wood, fimply dove-tailed, or iron-
bound tubs, 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 pot always
Kept at the fume level, fuch of the govetails as
are left dry fhrink, and, when mgre water is
added, it efcapes through the joig#s, and runs
out.

We employ cryftal jars or bell gfaffes, PL. V.
Fig. 9. A. for containing the glafles in this ap-
paratus; and, for tranfporting thefe, when full
of gas, from one ciftern to another, or for keep-
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broad and ten inches thick, and caufe it to be
hollowed out, as at m », Fig. 5. about four inches
deep, as a refervoir 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 ; arid as this trench may fometimes prove
troublefome, it is made capable of being covered
at pleafure by thin boards, which flip into the
grooves x y, Fig. 5. 1 have two marble cifterns
upon this conftru&tion, of different fizes, by
which I can always employ one of them as a re-
fervoir of mercury, which it preferves with more
fafety than any other veflel, being neither fubje&
to overturn, nor to any other accident. We o-
perate with mercury in this appatatus exactly as
with water in the one before defcribed ; but the
bell-glaffes muft be of fmaller diameters, and
much: ftronger ; or we may ufe glafs tubes, ha-
ving their mouths widened, as in Fig. 7. ; thefe
are called eudiometers by the glafs-men who fell
them. One of the bell-glaflfes is reprefented
Fig. 5. A. ftanding in its place, and what is cal-
led a jar is engraved at Fig. 6.

" The mercurial pneumato-chemical apparatus
is neceffiry in all experiments wheren the difen-
gaged gafles are capable of being abforbed by
water, as is frequently the cafe, efpecially in all
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SECT. 1L
Of the Gazometer.

I give the name of gazometer to an inftrument
which I invented, and caufed to be confiru@ed,
for the purpofe of a kind of bellows,which might
furnith an uniform and continued ftream of oxy-
gen gas in experiments of fufion. Mr Meufnier
and I have fince made very confiderable correc-
ticns and addicions, having converted it into what
may be called an swiverfal infirument, without
which it is hardly poffible to perform moft of the
very exa® experiments. The name we have gi-
ven the inftrument indicates its intention for
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tion, the parts of thefe wheels which fupport
the axis of the beam are covered with platesiof
polithed rock.cryftal. 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 fufpend-
ed by a flat chain, which applies to the curvature
of the arc nDo, in a groove made for the pur-
pofe. To the other extremity E of the beam is
applied another flat chain, i £ m, fo conftructed,
as to be incapable of lengthening or fhortening,
by being lefs or more charged with weight ; to
this chain, an iron trivet, with three branches,
a i, ci, and b i, is firongly fixed at i, and thefe
branches fupport a large inverted jar A, of ham-.
mered copper, about 18 inches ‘diameter, and
20 inches deep. The whole of this machine is
reprefented in perfpe@ive, Pl. VIIL. Fig 1. and "
PL IX. Fig. 2. and 4. give perpendicular fec-
tions which fhew its interior ftruure. o
Round the bottom of the jar, on its outfide,
is fixed, Pl IX. Fig. 2. a border divided into
compartments I, 2, 3, 4, &c. intended to re-
ceive leaden weights feparately reprefented 1,
2, 3, Fig. 3. Thefe are intended for increafing -
the weight of the jar when a confiderable pref-
fure is requifite, as will be afterwards explain- -
ed, though fuch neceffity feldom occurs. The



www.libtool.com.cn



www.libtool.com.cn



www.libtool.com.cn



T~

OF CHEMISTRY. 301

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 16, 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 lower according
as the air in the jar is fubjected to a greater or
lefler preflure than the external air. To afcer-
tain thefe differences, a brafs {cale divided 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 compreffion, it is neceflary to know their
degree of condenfation to be enabled to calcu-
late their quantities, and to convert the meafure
of their volumes into correfpondent weights;
and this obje& is intended to be fulfilled by the
contrivance now defcribed. ,

But, to determine the {pecific gravity of air or of
gafles, and to afcertain their weight in a known
volume, it is neceflary to know their tempera-
turc, as well as the degree of preffure under
which they fubfiit ; and this is accomplifhed by
means of a fmall thermometer, ftrongly cement-
ed into a brafs collet, which fcrews into the lid
of the jar A. This thermometer is reprefented
. feparately, PL VIII. Fig. 10. and in its place
3. and Pl IX. Fig. 4. The bulb is
... . Rha in
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in the infide of the jar A, and its graduated falk
rifes on the outfide of the lid.

The pradlice of gazometry would ftill have
laboured under great difficulties, without farther
precautions than thofe above defcribed. When
the jar A finks in the water of the ciftern
LMNQ, it muft lofe a weight equal to that of
the water which it difplaces ; and confequently
the compreflion which it makes upon the con-
tained air or gas muft be proportionally dimi-
nifhed. Hence the gas furnifhed, during experi-
ments from the machine, will not have the fame
denfity towards the end that it had at the begin-
ning, as its {pecific gravity is continually dimi--
nithing. This difference may, it is true, be de-
termined by calculation ; but this would have
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tal, this box gravitates to neither fide; but,
when the jar A finks into the ciftern LMNO,
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 2
greater power in -proportion to the length of
the lever by which it a&ts. Hence, by moving
the box 28 along the rod 26, 27, we can aug-
ment or diminifh. the corretion it is intended
to make upon the preffure of the jar; and both
experience and calculation fhew that this may
be made to compenfate very exaltly for the lofs
of weight in the jar at all degrees of preflure.

I have not hitherto explained the moft im-
portant part of the ufe of this machine, which
is the manner of employing it for afcertaining
the quantities of the air or gas furnithed during
experiments. To determine this with the moft
rigorous precifion, end 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 fector
§ m, divided into degrees and half degrees,
which confequently moves in common with the
beam ; and the lowering of this end of the
beam is meafured by the fixed index 29, 30,

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

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

Fig. 10. The thermometer for determining
the temperature of the air or gas contained in
the jar. '

When this gazometer is to be ufed, the cif-
tern or external veflel, LMNO, Pl VIII. 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
level, when the jar is at the bottom of the cif-
tern, is increafed by all the water which it dif-
places, and is diminifhed 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 muft be fixed, to render
the preflure equal in all fituations of the beam.
I fhould have faid nearly, becaufe this correc-
tion is not abfolutely rigorous; and différences
of a quarter, or even of half a line, are not of
any confequence. This height of the box 28
is not the fame for every degree of preflure, but
varies according as this is of one, two, three, or
more inches. All thefe fhould be regiftered with
great order and precifion.

We next take a bottle which holds eight or
¢en pints, the capacity of which is very accu-
DN rately
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which it is applicable ; and, indeed, there are
many experiments which are almoft impoffible
to be performed without it. It becomes ex-
penfive, becaufe, in many experiments, fuch as
the formation of water and of nitric acid, it is
abfolutely neceffary to employ two of the fame
machines. In the prefent advanced ftate of che.
miftry, very expenfive and complicated inftru-
ments are become. indifpenfably neceffary, for
alcertaining the analyfis and fynthefis 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 coftly;
but this ought by no means to be attempted at
the expence of their conveniency of application,
and much lefs of their accuracy.

SECT. IIL

Some other Metbods of medfuring the Volumc of
Gaffés.

The gazometer defcribed in the foregoing
fe&tion is too coftly and too complicated for be-
ing generally ufed in laboratories for meafuring
the gaffes, and is not even applicable to every
circumftance of this kind. 1n nutherous feries
of experiments, more fimple and mete readily

: applicable
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previoufly graduated in the manner to be after-
wards 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 eorrection or ,proof of
that method. After the air or gas is exchanged
from the firft jar, marked with flips of paper,
into the graduated jar, turn up the mouth of
the marked jar, and fill it with water exactly to
the marks EF, PL IV. Fig. 3. and by weighing
the water, the volume of the air or gas it con-
tained may be determined ; allowing one cubical
foot or 1728 cubical inches, French meafure, for
each 70 libs. French weight, or the fame cubical
volume in Englith meafure for each 75.84 libs.
Englith Troy, of the water.

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 feveral
of each fize, in cafe of accidents. Take a tall,
narrow, and ftrong glafs jar,.and, having filled
it with water in the ciftern, Pl. V. Fig. 1. place
it upon the thelf 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 almotft the only error to which this pro-
cefs is liable will be avoided. Then take a nar-

o TOWa
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t dr. 15. grs. of mercury; which exadly cor-
tefpond to a cubical inch of that metal.

‘This method of determining the volume of air
or gas, by means of a graduated jar, has the ad-
vantage of not reqniring any corre@ion for the
difference of height between the.furface of the
water within the jar, and in the ciftern; but it
requires corrections with refpeét to the heighs
of the barometer and thermometer. . But, when
we afcertain the volume of air by weighing
the water which the jar is capable of contains
ing, up to the marks EF, it is neceffary to make
a farther corre@®ion, for the difference between
the {urface of the water in the ciitern, and the
height to which it rifes ‘within the jar. This
will be explained in the fifth fe&wn of - tlus
chapter. o

SECT. IVD

Of the Metbad of Sepafatmg' tbe di ﬁrm Gqﬁ:
Jrom each otber. :

As experiments often produce two, three, ot
more {pecies of gas, it.is neceflary to be able to
feparate thefe from each other, that we may af-
certam the quanmy and fpecies of each. Sup-
Cc pofe
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furface with a white flame, we conclude it to be
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 refidu-
um with oxygen gas, red fumes are produced,
we conclude that it contains nitrous gas,

Thefe 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
[everal gaffes of which it is compofed. For this
purpofe all the methods of analyfis muft be em-
ployed ; and, to dire& thefe properly, it is of
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oxygen gas are fucceffively added, till no far-
ther deflagration takes place, and till the greateft
poffible diminution is produced. By this procefs
water is formed, which is immediately ablorbed
by the water of the apparatus; but, if the hy-
drogen gas contain carbon; carbonic acid is form-
ed at the fame time, which is not abforbed fo
quickly ; the quantity of this i> readily afcertain-

- ed by affifting its abforption, by means of agita-
tion. If the refiduum contains nitrous gas, by
adding oxygen gas, with which it combines into
nitric acid, we can very nearly afcertain its quan-
tity, from the diminution produced by this mix-
ture.

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 neceffary to
become familiar with the analyfis of gaffes by
long experience ; we muft even acknowledge
that they moftly poflefs fuch powerful affinities to
each other, that we are not always certain of ha-
ving feparated them completely. In thofe cafes,
we muft vary our experiments in every poffible
point of view ; adding new agents to the com-
bination, and keeping out others, and muft con-
tinue our trials, till we are certam of the trut.h

and exatitude of oeur conclu(_i‘m_,': " L .

Cc3 B R
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2 columa of mercury ftands in equilibrium with
a column of air of the fame weight. But it is
unneceffary 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 3
column of gir 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 or
29.85 Englifh inches in. the Jower parts of the
city of Paris; or, in other words, the air at the
furface of the earth at Paris is ufually preffed
upon by a weight equal to that of a column of
mercury twenty-eight inches in height. I muit
be underftood in this way, in the feveral parts
of this publication, when talking of the different
gafles ; as for inftance, when the cubical foot of
oxygen pas is faid to weigh 538.45 grs. under
29.85 inches preffure. The height of this co-
lumn of mercury, fupported by the preffure of
the air, diminifhes in proportion as we are ele-
vated above the furface of,the.earth, or rather
above the level of the fea ;..becaufe the mercury
can only form an equilibrium with the column of
air which is above it, and is not in the fmalleft de-
gree affected by the air which is below its leve].
Ccga In
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' In what ratio does the mercury in the bayo-
meter defcend in proportion to its elevation ? or,
which is the fame thing, according to what law
or ratio do the feveral ftrata of the atmofphere
decreafe in denfity ? this queftion, which hss
exercifed the ingenuity of natural philofophers
during the laft century, s confiderably elucida-
ted by the following experiment.

If we take the glafs fyphon"ABCDE, Pl XII
Fig. 17. fhut at E, and open at A, and introduce
a few drops of meréury, fo as to intercept the
communication of gir between the leg AB and
the leg BE, it is evident that the air contained
in BCDE is preflfed upon; in common with the
whole furrounding-ait,by a weight or column
of air equal to 29.85 iriches ‘of mercury. But, if
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fpace from D to E, or exaétly one quarter of
the fpace it occupied at the commencement of
the experiment. From thefe experiments, which
may be infinitely varied, it has been deduced as
a general law of nature, which feems applicable
to all permanently elaftic fluids, that they dimi-
nifh in volume dire@ly in proportion to the
weights with which they are prefled ; or, in other
words, * the volume of all claflic fluids is in the
“ inverfe ratio of the 'wngbt by whici) they are
“ compreffed.”

- The experiments wlnch have been made for
‘meafuring the heights of mountains by means
of the barometer, confirm the truth of thefe de-
dulions ; and even fuppofing them in fome
degree inaccurate, thefe differences are fo ex-
tremely {mall, that they may be reckoned as no-
thing in chemical experiments,. When this law
of the compreffion of elaftic fluids is once well
underftood, it becomes eafily applicable to the
corre®ions, neceflary in pneumato-chemical ex-
periments, upon the volume of gas, in relation to
its preflure. Thefe corre@ions are of two kinds,
the one relative to the variations of the barome-
ter, and the other for the column of water or
mercury contained in the jars. I thall endeavour
to explain .thefe by examplcs begmmng with
the moft fimple cafe. ,

Suppofe that 100 cubical inches of oxygen
gas are obtained at inches 54.5° of the thermo-
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meter, and at 32.37 inches of the barometer,
it is required to know what volume the 100
cubtcal inches of gas would occupy, under the
predure of 29.85 inches, and what is the exad&
weight of the 100 inches of oxygen gas? Let
the unknown volume, or the number of inches
this gas would occupy at 29.85 inches of the
barometer, be exprefled by x; and, fince the
vo.umes are in the inverfe ratio of their fuper-
iacznbent weights, we have the following ftate-
rent - 120 cubical inches is to x, inverfely as
3237 inches of preflare is to 29.85 inches; or
directly :9.85: 30.37 :: 100: x = 10L.741 —
cubical inches, at 29.85 inches barometrical pref-
ture ; that is to fay, the fame gas or air which
at 3231~ inches of the barometer “occupies 100
cubicil inches of volume, will occupy 101.741

Y J
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muft be in the diret ratio of the fame compref-
fion: Hence, fince 100 cubical inches weigh
'31.1c23 grains, under the preflure of 29.85 in-
ches, we have the following - ftatement to deter-
mine the weight of 100 cubical inches of the
fame gas at 30.37 barometrical preffure ; 29.85 :
311023 : : 30.37 : %, the unknown quantity,=
31.644.

The following cafe is more complicated :
Suppofe the jar A, PL. XII. Fig. 18. to contain
a quantity of gas in its upper part ACD, the
reft of the jar below CD being full of mercury,
and the whole ftanding in the mercurial bafon
or refervoir GHIK, filled with mercury up to
EF, and that the difference between the {urface
CD of the mercury in the jar, and EF, that in
the ciftern, is fix inches, while the barometer
ftands 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 barometrical pref-
fure. ‘[his air is therefore lefs comprefled than
the atmoiphere at the mean height of the ba-
rometer, and confequently occupies more fpace
than it would occupy at the mean preflure, the
difference being exactly proportional to the dif-
ference bet:
then, upon
found to be
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"SECT. VL -

of C’orreéiau relative to the .ﬁ?grce: of the Ther-
_ -someler.

e. : V2

In afcertaining : the weight of . gaffes, befides
reducing thenh to a-mean of barometrical pref-
fure, as direQed in the preceding fection, we
muft likewife: reduce them to a ftandard. ther-
mometrical temperature ; becavfe, all elaftic
fluids being expanded by heat, and condenfed
by cold, their weight in any determinate volume
is thereby liable to confiderable alterations. . As
the temperature of §4.4? is:a medium between
the heat of fummer dnd the cold of winter,_be-
ing the temperature of fubterraneous places, and
that which is moft eafily approacbcd to at all
feafons, I have chofen’ that degtee as a mean to
whichi I reduce air or gas m this lbecles of cal-
culation.

Mr de Luc found that atmofphenc air was
increafed +37 part of its bulk, by each degree
of a mercurial thermometer, divided mto 81
degpces, between the fieezing and boxhng
points ; this nges s+ part_for each degree of

Reaumur’s
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air by 210, for Reaumur’s fcale, or 472.5 for
that of Fahrenheit, and multiply the quotient by
the degree of temperature above or below 54.5°.
This corre@ion is negative when the aual tem-
perature is above the ftandard, and pofitive when
below. By the ufe of logarithmetical tables,
this calculation is much facilitated.

SECT. VIL

Example for calculating the Corre(lions relative to
the variations of Preflure and Temperature.

C A S E

In the jar A, Pl IV. Fig. 3. ftanding in a
water apparatus, is contained 353 cubical inches
of air ; the {urface 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
thermometer at 65.75°. Having burnt a quan-
tity of phofphorus in the air, by which concrete



www.libtool.com.cn



OF CHEMISTRY. 417

of air would have occupied at 28 inches of the
barometer. ‘

The 472.5th part of this correted volume is
.73247, which, for the 11.25 degrees of tempe-
rature above the ftandard, gives 8.24 cubical in-
ches ; and, as this corre&ion is fubtractive, the
real corre@ed volume of the air before combuf-
tion is 337.952 inches,

Calculation after Combuftion,

-

By a fimilar calculation upon the volume of
air after combuftion, we find its barometri-
cal preflure 27.77083 — 0.51593 = 27.25490.
Herice, to have the volume of air under the
preflure of 28 inches, 295 : x::27.77083 : 28
inverfely ; or ¥ = 228X17154% — 585 150. The
A72.5th part of this corre@ed volume, is .61,
which, multiplied by 13.5 degrees of thermome-
trical difference, gives the fubtractive correction
for temperature; 8.235, leaving the actual cor-

reed volume of air after combuftion 278.915
inches. ' -

i
'
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CHAP. IIL

Defeription of the Calorimeter, or Apparatus for
meafuring Caloric, -

HE calorimeter, or apparatus for meafuring

the relative quantities of heat contained 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 materials of this
chapter are extrggted. '

If, after havirl? cooled any body to the freez-
ing point, it be expofed in an atmofphere of
88.25°, the body will gradually become heated,
from the furface inwards, till at laft it acquire
the fame temperature with the {urrounding air.
Bat, if a piece of ice be placed in the fame fitua-
tion, the circumftances are quite different; it
does not approach in the fmalleft degree towards
the temperature of the circumambient air, but
remains conftantly at 32°, or the temperature of
melting ice, till the laft portion of ice be com-
pletely melted.

This phenomenon is readily explained ; as,
to melt ice, or reduce it to watér, it requires to
be combined with a certain portion of caloric,

Ddgj the
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the whole caloric attracted from the furrounding
bodies, is arrefted or fixed at the furface or ex-
ternal layer of ice which it? employed to dif-
folve, and combines with it fo form water ; the
next quantity of caloric combines with the fe-
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 could ne-
ver penetrate fo far, while any intermediate ice
remained to melt, or to .combine with. .

Upan thefe- prirciples, if we.conceive a hol- -
~ low fphere of ice at-the temperature of 32°
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of the water will be exaétly proportional to the
quantity of caloric loft by the body, in:pafing
from its original temperature to that of melting
ice; for it is evident that 2 double quantity of
caloric would have -melted twice. the.quantity
of ice, Hence the quantity of ice melted is o
very exac meafure of the proportiondl quantity
of caloric employed to produce that effe@, and
confequently of the quantity loft by the only fube
ftance that could poffibly have fupplied it.::::..
I have made this fuppofition, of what :woild
take place in a hollow fphere of ice, for the purf
pofe of more readily explaining the method ufed
in this fpecies of experiment, which was, firtk
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@®. I acknowledge the-name
of Calorimeter, which I have given it; as derived
partly from Greek and partly from Latin; is in
fome degree open to critic¢i{m ; blit,; in, magters
of fcience, a flight deviation from ftriG etymolo-
gy, for the fake of giving diftin&nefs of idea,  is,
excufable ; and I could not deriye:the name: en-
tirely from Greek without approaching too near
to the names of known inftruments employed for
other purpofes.
The calorimeter is reprefented in Pl VL Itis
fhown in perfpective at Fig. 1. and its interior
R Ddg4 - ftruture
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firucture i3 engraved at Fig: 2. and 3. ;- the for
mer being a horizontsl; #nd the latter a pespen-
dicular feGion. Its:capacity: or. cavity is di-
vided into three parts,. which, for better diftinc-
tion, I fhall' name the .interior; middle; and ex-
ternal cavities. The interior cavity £/, Fig. 4.
into.which the. fubfances fubmitted to experi-
ment.aré put, is compofed of & grating or-cage
of itorl wire, fupposted by feveral iron bats ; 'its
opening or mouth- LM, is coverd by the lid
HG,- which is compofed of the fame materials.
The middle cavity &6.b5, Fig. 2. and 3. is in~
tended -to . contain the: ice which furrounds the
interior.-cavity, and which is intended -to be
melted by the caloric of the fubftances employed-
in the experiment. - The ice'is fupported by
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vity from the heat of the furrounding air, and
the water produced from it is carried off through
the pipe ST, which fhuts by means of the ftop-
cock r. The whole machine is covered by the
lid F F, Fig. 7. which is made of tin, and pamt-
ed with oil colour, to prevent ruft.

When this machine is employed, the middle
cavity bbb b, Fig. 2. and 3. the lid G H, Fig. 4.
of the interior cavity, the external cavity aaaa,
Fig. 2. and 3. and the general lid F F, Fig. 7.
are all filled with pounded ice, well rammed,
fo that no void fpaces remain, and the ice of the
widdle cavity is allowed to drain. The machine
is then opened, and the fubftance fubmitted to
experiment being placed in the interior cavity,
it is inftantly clofed. After waiting till the in-
cluded body is completely cooled to the freez-
ing point, and the whole melted ice has drained,
from the middle cavity, the water colleted in
the veflel F, Fig. 1. is accurately weighed.
The weight - of the water -produced during the
experiment-is an exa¢t meafure of the caloric
difengaged during the cooling of the included
body, as this fubftance is evidently in a fimilar
fituation with the one formerly mentioned as in-
cluded in a hollow fphere of ice. The-whole ca-
loric difengaged from the included body is ftop-
ped by the ice in t

“ice is preferved from
heat by means of the
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ral lid, Fig. 7. and in the.external cavity. Expé-
riments of this kind generally laft from fifteen to
twenty hours, but they are fometimes accele-
rated by covering up the fubftance in the interior
cavity with well drained ice, which haﬁens its
cooling.

The fubftances to be operated upon are placed
in the thin iron bucket, Fig. 8. the cover of 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 ma-
trafs, Fig. 10. which has a fimilar thermomcte@
in a cork fitted to its mouth, and which ftands
in the interior cavity upon the fmall cylindrical
fupport R S, Fig. 10.
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the air be under the degree of freezing, it might
cool the ice contained in the middle cavity, by
caufing the ice in the external cavity to fall, in
the firft place, below 32°. It is therefore effen-
tial that this experiment be carried on in a tem-
perature fomewhat above freezing: Hence, in
time of froft, the calorimeter muft be kept in an
apartment carefully heated. It is likewife necef-
fary that the ice employed be not under 32°, for
which purpofe it muft be pounded, and fpread
.out thin for fome time, in a place where the
temperature is higher.
. The ice of the interior cavity always retains a
" certain quantity of water adhering to its furface,
which may be fuppofed to belong to the refult of
the experiment ; but as, at the beginning of each
experiment, the ice is already faturated with as
much water as it can contain, if any of the wa-
ter produced by the caloric fhould remain attach-
ed to the ice, it is evident, that very nearly an
equal quantity of what adhered 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 du-
ring 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 at 52° or 34°. The air confined in the ¢
vity being in that cafe fpecifically heavier t}
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the external air, efcapes downrwards through-he
pipe x 9, Fig. 3, and is replaced by the warsher
external air,'w'hich, giving out its caloric terthe
ice, becomes heavier, and finks in its turn ;3 this
a current of air is formed gitough: the machine,
which is the more rapid in: pwpomon as theex-
ternal air exceeds:the.internal in temperatuse.
This current of warm air muft: melt a part of
the ice, and injuve- the accuracy of the experi-
ment. We mmy, in 8 great degree,  guard &
gainft this fource of error: by keeping the ftops
cock u continually fhut, but it is better to operate
only when the temperaturé of the external ay-
does not exceed-39°, or at-moft 41°, for we have
obferved, that, ‘in this'cafe, the melting of the
interior ice by the atmofpheric air is perfeitly in-
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It is extremely eafly, 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 firft raifed to 2129,
it is then placed in the interior cavity f.fff,
Fig. 2. and 3. of the calorimeter, and allowed
to remain till we are certain that its tempera-
ture is reduced to 32° ; the water produced by
melting the ice during its cooling is collected,
and carefully weighed ; apd this weight, divided
by the volume of the body fubmitted to experi-
ment, and multiplied into the degrees of tempe-
rature which it had above 32° at the commence-
ment of the experiment, gives the proportion
of what the Englifh philofophers call fpecific
heat. -

Fluids are contained in proper veflels, whofe
fpecific heat has been previoufly afcertained, and
are operated upon in the machine in the fame
manner as direGted for folids, taking care to de-
dud, from the quantity of water melted during
the experiment, the proportion which belongs to
the fpecific heat of the containing veffel.

If the quantity «
the combination of
determined, thefe fi
]y reduced -to -the
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becaufe the caloric ‘difengaged -from this air is
part of the produé of the experiment.

It is fomewhat more difficult to determine the
fpecific caloric contained in the different gaffes,
on account of their {mall degree of denfity; for,
if they are only placed in the calorimeter in
veflels like other fluids, the quantity of ice melt-
ed is fo {mall, 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. paf-
fes, and becomes heated in its way to the calo-
rimeter, is contained in a veflel full of boiling
water, and the other, through which ‘the air cir-
culates within the calorimeter to difengage its
caloric, is placed in the interior cavity, ffff, of
that machine. By means of a fmall thermome-
ter placed at one end of the fecond worm, the
temperature of the air, as it enters the calori-
meter, is determined, and its temperature in
getting out of the interior cavity is found by an-
other thermometer placed at the other end of
the worm. By this contrivance we are enabled
to afcertain the quantity of ice melted by deter-
minate quantities of air or gas, while lofing a
certain number of degrees of temperature, and,
confequently, to determine their feveral degrees
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to afcertain the quantity of caloric difengaged
by the condenfation of the vapours of differemt
liquids.

The various experiments which may be made
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 ftandard point, from whence to form a fcale
of the feveral refults. The quantity of caloric
necetfary to melt a pound of ice has been chofen
us this unit ; and, as it requires a pound of water
of the temperature of 167° to melt a pound of
ice, the quantity of caloric expreffed by our unit
or ftandard point is what raifes a pound of wa-
ter from 32° to 167°. When this unit is once
determined, we have only to exprefs the quan-
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pounds of ice were melted. Hence, the caloric
difengaged from the iron by cooling 175.5° ha-
ving melted 1.109795 pounds of ice, How much
would have been melted by cooling 135° ? This
queftion gives the following ftatement in dire®
proportion, 175.5 : 1.1c9795 : : 135 : x=0.85384.
Dividing this quantity by th: weight of the
whole iron employed, viz. 7.7070319, the quo-
tient o.1109 is the quanti.y of ice which would
have been melted by one pound of iron while
cooling through 135 degrees of temperature.
Fluid fubftances, fuch as fulphuric and nitric
acids, &c. are contained in a matrafs, Pl VI.
Fig. 9. having a thermometer adapted to the .
cork, with its bulb immerfed in the liquid. The
matrafs is placed in a bath of boiling water, and
when, from the thermometer, we judge the liquid
is raifed to a proper temperature, the matras is
placed in the calorimeter, The calculation of the
produ@s, to determine the fpecific caloric of thefe
fluids, is made as above direced, taking care to
dedu@ from the water obtained the quantity
which would have been produced by the matrafs
_ alone, which muft be afcertained by a previous
experiment. The table of the refults obtained by
thefe experiments is omitted, becaufe not yet fuf-
ficiently complete, different circumftances baving
occafioned the feries to be interrupted ; it is not,
however, loft fight of ; and we are lefs or more
employed upon the fubje& every winter.
C Ee CHAP,

PRI
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Brittle fubftances are reduced to powder by
means of peftles and mortars. Thefe are of
brafs oriron, PL I. Fig. 1.; of marble or gra-
nite, Fig. 2. ; of lignum vite, Fig. 3. ; of glafs,
Fig, 4. ; of agate, Fig. 5. ; or of porcelain, Fig. 6.
The peftles for each of thefe are reprefented
in’ the plate, immediately below the mortars
to which they refpe@ively belong, and are made
of hammered iron or brafs, of wood, glafs,
porcelain, marble, granite, or agate, according
to the mature of the fubftances they are in-
. tended to triturate. In every laboratory, it is
requifite to have an affortment of thefe uten-
fils, of warious fizes and kinds: Thofe of por-
celain and glafs .can only be ufed for rubbing
fubftances to powder, by a dexterous ufe of
the peftle round the fides of the mortar, as it
would be eafily broken by rextcrated blows of
the peflle.

The bottom of mortars ought to he made in
form of a hollow fphere, 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®t them too much together,
otherwife too large a quantity would get below
the peftle, and prevent its operation: " For this
reafon, likewife, too large a quantity of the fub-
flance to be powdered ought not to be put into
. the mortar at one time; and we ‘muft from

g Ee2 time
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ting the woods to powder, rafps, as in P I.
Fig. 8. are employed ; files of a finer kind are
ufed for horn; and ftill finer, Pl I. Fig. 9. and
10. for metals.

Some of the metals, though not brittle enough
to powder under the peftle, are too foft to be
filed, as they clog the file, and prevent its opera-
tion. Zinc is one of thefe, but it may be pow-
dered 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 produ-
cing a blue flame by means of zinc. Metals may
be reduced into grains, by pouring them when .
melted into water, which method ferves very
well when they are not wanted in fine powder.

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

The choice of the different fubftances of which
thefe inftruments are made is a matter of impor-
tance ; brafs or copper are unfit for operatjons
upon fubftances to be ufed as food orin pharma-
cy ; and marble or metallic inftruments muft
not be ufed for acid fubftances; hence mortars

of very hard wood, and thofe of porcelain, gra-
nite, or glafs, are of great utility in many ope-
rations.

Eej SECT.
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with a lid EF, and receiver GH ; thefe three
parts are reprefented as joined together for ufe,
Fig. 14. .

There is a method of procuring potwders of
an uniform finenefs, confiderably more accu-
rate than the fieve j 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 any other convenient
fluid ; the liquor is allowed to fettle for a few
moments, and is then decanted off ; the coarfeft
powder remains at the bottom of the veffel, and
the finer paffes 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 longeft fufpended in the liquor, being the
fineft. This procefs may likewife be -ufed with
advantage for feparating fubftances of different
degrees of fpecific gravity, though of the fame
finene(s ; this latt i¢ chiefly employed in mining,
for feparating the heavier metallic ares from the
lighter earthy matters with which they are mix-
ed. ) . -

In chemical laboratories, pans aod jugt of glafs
or earthen-ware, are eniployed for this opération;
fometimes for decanting the liquot withoat dif-
turbing the {ediment, the glafs {yphon ABCHI,

. PL 1L Fig. 11. is ufed, which may be fupported
;by seeane of the petforated board DE, at the
Eegq proper
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proper depth in the veflel FG, to draw off alf
the liquor required into the receiver LM. The
principles and application of this uftful inftru.
ment arc¢ fo well known, as to need no explana.
tion.

SECT. IL

Qf Filtration.

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 powdered folids
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" through this fubftance, no folid body, however
firiely it be powdered, can penetrate, and fluids
percolate through it with the greateft readinefs.
As paper breaks eafily when wet, various me-
thods of fupporting it are ufed according to cir-
cumftances. When a large quantity of fluid is
to be filtrated, the paper is {upported by the
frame of wood, PL II. Fig. 3. ABCD, having a
piece of coarfe cloth ftretched over it, by means
of iron-hooks. This cloth maft be well cleaned
cach time it is ufed, or even new cloth muft be
employed, if there is reafon to fufpe@ its being
impregnated with any thing which can injure the
fubfequent operations. In ordinary operations,
where moderate quantities of fluid are to be fil-
trated, different kinds of glafs funnels are ufed
for {upporting the paper, as reprefented Pl. II.
Fig. 5, 6. and 7. When feveral filtrations muft
be carried on at once, the board or fhelf AB,
Fig. 9. fupported upon ftands C and D, and

“pierced with round holes, is very convenient for
containing the funnels. )

Some liquors are fo thick and clammy, as
not to be able to penetrate through paper with-
out fome previous preparation, fuch as clarifica-
tion: by means of white of eggs, which, being
mixed with the liquor, coagulates when brought
to boil, and, entangling the greater part of the
-impurities of the liquor, rifes with them to the
furface in the ftate of fcum. Spiritous liquors

mav
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may be clarified in the {ame manner by means
of ifinglafs diffulved in water, which coagulates
by the aion of the alkohol without the affift-
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 im-
poffible to employ paper, which would be corrod-
ed and deftroyed by the acid. For this parpofe,
pounded glafs, or rather quartz or rack-cryftal,
broke in pieces, and grofsly powdered, 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
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diffufed through liquors. Thefe are allowed to
fettle in conical veflels, ABCDE, Pl. II. Fig. 10.
the diffufed matters gradually fubfide, and the
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 {yphon, Fig.11.
is ufed, inftead of decantation, for drawing off
the clear fluid. '

In experiments, where the weight of the pre-
cipitate muft be rigoroufly afcertained, decanta-
tion is preferable to filtration, providing the pre-
cipitate be feveral times wathed in a confider-
able proportion of water. The weight of the
precipitate may indeed be afcertained, by care-
fully weighing the filtre before and after the
operation ; but, when the quantity of precipi-
tate is fmall, the different proportions of moi-
fture retained by the paper, in a greater or leffer
degree of exficcation, may prove a material.
fource of error, which ought carefully to be
guarded againft.

CHAP



-

H ELEMENTS

CHAP. V.

Gf Ckemical Means for feparating tbe Particles of
Bsdies from each otber, without Decompofition,
and for uriting them again.

Have already fhewn that there are two me-

thods of dividing the particles of bodies, the
mechanical and cbemical. The former only fe-
parates a folid mafs into a great number of
fmaller maffes; and for thefe purpofes various
ipecies of forces are employed, according to cir-
cumftances, fuch as the ftrength of man or of
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to be a neutral falt. In this Chapter, I mean to
give examples of this kind of divifion of bodies,
to which I fhall add fome account of the relative
operations.

SECT. I

Of the Solution of Salts.

In chemical language, the terms of folution
and diffolution have long been confounded, and
have very improperly been indifcriminately em-
ployed for expreffing 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-
fletions upon the effes of thefe two opera-
tions will fuffice to fhow that they ought not
to be confounded together. In the folution of
falts, the faline particles are only feparated from
each other, while neither the falt nor the water
are at all decompofed ; for 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 diffolutions, 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
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as fulphat of potafh, or of lime, &c. require the
ftrongeft fires we are capable of producing. This
liquifa@ion of falts by caloric produces exadly
the fame phenomena with the melting of ice ; it
is accomplifhed in each falt by a determinate de-
gree of heat, which remains invariably the fame
during the whole time of the liquifation. 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
gemeral phenomena, which univerfally occur du-
ring the paflage of every {pecies of fubftance from
the folid to the fluid ftate of aggregation, and
from fluid to folid.

Thefe phenomena, arifing 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 may
diftinguith feveral different cafes of folution, ac-
cording to the nature and mode of exiftence of
each falt. If, for inftance, a falt be difficultly
foluble in water, and readily fo by caloric, it
evidently follows, that this falt will be fcantily
foluble in cold water, and confiderably in hot
water ; fuch is nitrat of pothth, and more efpe-
cially oxygenated muriat of potath. If another
falt be little foluble both in water and caloric,

he difference of its folubility in cold and warm
water
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making a hollow in thefe fubftances where it is
poured on, through which it might efcape with-
out acting upon the whole mafs. .

This operation is lefs or more imitated in che-
mical experiments ; but as in thefe, efpecially
with analytical views, greater exactnefs is re-
quired, particular precautions muft be employed,
fo as not to leave any faline or foluble part in the
refiduum. Mare water' muft bg émployed than
in ordinary lixiviations, and the fubftanoes ought
to be previoufly ftirred up in the: yratér before
the clear Jiguor is drawn off, othérwife the whole
mafs might not be equally Lixiviated, and fome
parts might even eftape altogether from the aca
tion of the water.. We mufl likewife employ
frefh portions of water in confiderable quantity,
until it.comes.off entirely free from falt, which
we may afcertain by means of the hydrometex
formerly defcribed. .
 In expesiments with fmall quantities, this opes
ration is conveniently performed in jugs or mas
traffes of glafs, and by filtrating the liquor
through paper in a glafs funnel. When the fubs
fance is in larger quantity, it may be lixiviated
in a kettle of boiling-water, and filtrated through
paper fupported by cloth in a wooden framé,
Pl LI. Fig. 3. and 4.; and in operations in the

wwildtge Way, the tub already mentioned muft be
LT :

Ffa ;SECT.
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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 action of the
air is exceedingly inconfiderable in comparifon
with that which is occafioned by caloric. This
latter fpecies may be termed vaporization 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 flaid. ‘Too freé¢
a current of cold air is often hurtful to this pros
cefs, as it tends to carry off caloric from the wa-
ter, and confequently retards its converfion into
vapour. Hence 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 oi fuch
a nature as does not ftrongly draw off the calo-
ric, or, to ufe an expreflion of Dr Franklin’s,
provided it be a bad condu@or of heat. In this
cafe, the vapours efcape through fuch opening
as is left, and at leaft 48 much is evaporated,
frequently more than when free accefs is allowed
to the external air. .

As during evaporation the fluid carried off by
caloric is entirely loft, being facrificed for the
fake of the fixed fubftances with whieh it was
combined, this procefs is only employed where-
the fluid is of fmall value, as water, for inftance.

- Ff3 But,
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remarkably. One or more of thefe may be pla-
" ced upon a fecond grate above the furnace,
Pl IIL Fig, 2. where they will only experience
a gentle heat. By this means a great number of
experiments may be carried on at one time. A
glafs retort, placed in a fand-bath, and covered
with a dome of baked earth, PL III. Fig. 1. an-
{wers pretty well for evaporations ; but in this
way it is always confiderably flower, and is even’
liable to accidents; as the fand heats unequally,
and the glafs cannot dilate in the fame unequal
manrer, the retort is very liable to break. Some-
times the fand ferves exaélly the office of the
iron ring formerly mentioned ; for, if a fingle
drop of vapour, condenfed into liquid, happens
to fall upon the heated part of the veffel, it
breaks circularly at that place. When a very
intenfe fire is neceffary; earthen crucibles may
be ufed ; but we generally ufe the word evapo-
ration to exprefs what is produced by the tem- .
perature of boiling wates, or not much higher. :-

’

Ffa SECT.
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SECT. IV.

Of Cryflallization.

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 mutuab
attraction of aggregation, 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 cryfiallize, is
to remove a part of the caloric which is lodged
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of their mutunal attraion, the. falt remains in
the fluid ftate ; but whenever either caloric or.
water is not prefent in fufficient quantity, and
the attrattion of the particles for each other be-
comes {uperior to the power which keeps them.
afunder, the falt recovers its concrete form, and
the cryftals produced are the more regular in
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, oc.
cur in a contrary fenfe during their cryftalliza-
tion. Caloric is difengaged at the inftant of
their afluming the folid ftate, which furnifhes
an additional proof of falt being held in folu-
tion by the compound acion of water and ca-.
loric. Hence to caufe falts to cryftallize 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
likewife be removed. Nitrat of potafh, oxyge-
nated muriat of potafh, alum, fulphat of foda,
&c. are examples of this circumftance, as, to
make thefe falts cryftallize, 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 almoft equally foluble in cold and warm
water, are cryftallizable by fimply carrying off
the water. which holds them in folution, and

\ eyen
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even recover their folid flate in boiling water ;
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 manufa&ories by the
firft operation, is compofed of many different
falts ; fome are deliquefcent, and not fufceptible
of being cryftallized, fuch as the nitrat and mu-
riat of lime ; others avre 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-
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ture of faltpetre, and other falts ; by farther eva-
poration, crude faltpetre, or rough-petre, as the
workmen call it, is procured from it, and this
is purified by two frefh folations and cryftalliza-
tions.

The deliquefcent earthy falts which do not
contain the pitric. acid are rejected in this ma-
sufadure; but thofe which confift of that acid
neutralized by an earthy bafe are .diflolved in
water, the earth is precipitated by meaps of pot~
afh, and allowed to.fubfide ; thic clear: liquor is
then decanted, evaporated, and allawed to cryf-
tallize. The above mapagement for. refining
faltpetre: may ferve a3 a genersl rule for fepa-
rating . {alts from -each. other which happen to
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 ¢old water.

_If to thefe we add. the. property which fome falts
poflefs, of being foluble in alkohol, or in & mix-
ture of alkohol. and water, :we have many re-
fources for feparating falts from edch other by
means of cryftallization, though it muft be al-
lowed, that it is extremely difficult to render this
feparation perfectly complete,

.The veflels nfed for cryftallization are pans
of earthen ware, A, PL IL TFig. 1. and 2. and

~n 1A wew v -wrye
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SECT. V.

Of Simple Diftillation,

As diftillation has two diftin@® obje&s to ac-
complifh, it is divifible into fimple and com-
pound ; and, in this fetion, I mean to confine
myfelf entirely to the former. When two bo-
dies, of which one is more volatile than the
other, or has more affinity to caloric, are {fub-
mitted to diftillation, our intention is to fepa-
rate them from each other: The more volatile
fubftance affumes the form of gas, and is after-
wards condenfed by refrigeration in proper vef-
fels. In this cafe diftillation, like evaporation,
becomes a fpecies of mechanical operation,which
feparates two fubftances from each other without
decompofing or altering the nature of either. .In
evaporation, our only obje& is to preferve (the
fixed body, without paying any regard to the
volatile matter; whereas, in diftillation, our prin-
cipal attention is generally paid to the volatile
fubftance, unlefs when we intend to preferve
both the one and the other. Hence, fimple di-
ftillation is ffothing more than evaporation pro-
duced in clofe veffels. ‘

The moft
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pharmacy.: In the article appropriated for com-
pound diftillation, 1 fhall explain the various
methods which have been contrived for prefer-
ving the whole produ&s from bodies in this proo
eefs..

- As glafs or- earthen veﬂ'els are very bnttla,
and do not readily bear fudden alterations of
heat and cold, .every well regulated laboratery
ought to have one or more alembics of metal
for diftilling wates, fpiritous liquors, eflential
oils, &c.. This apparatus confifts of a cucurbit
and capital of tinned gopper or brafs, P 1l
Fig. 15. and 16. which, when judged proper,
may be placed in the water-bath, D, Fig17.
In diftillation, efpecially: of fpiritous liquors, the
capital muft be furnithed with a. refrigeratory,
SS, Fig. 16. kept continually filled with cold
water ; when the water becomes heated, it is
let off by the ftop-cock, R, and renewed witha
freth fupply of cold water. As the fluid diftil-
led is converted into ges by means of ealoric
- furnifbed by the fire of the furnace, it is evi-
dent that it could not:condenfe, and, tonfe-
quently, that no digtillation, properly fpeaking,
could take place, unlefs it is made to depofit in
the capital all the caloric it received in the cu-
curbit; with this view, the fides of the capital
muft always be preferved at a lower tempera-
ture than is neceffary for keeping the diftilling
"hRapoe in the ftats of gas, and the water in

the
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the refrigeratory is intended for this purpofe.
Water is converted into gas by the temperature
of 212°, alkohol by 182.75°, and cither by x04°;
hence thete fubftances cannot be diftilled, or ra-
ther they will fly off in the flate of gas, unlefs
the temperature of the refrigeratory be kept un-
der theie refpective degrees.

In the diftillation of fpiritous, and other ex-
paniive liquors, the above defcribed refrigerato-
1y is not fudicient 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 III. Fig. 18. contain-
ed in a worm-tub of tinned copper; its confifts
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two produs of different degrees of volatility;
or to remove the receiver to a greater diftance
from the furnace, that it may be lefs heated.
But thefe, and feveral other more complicated
inftruments of ancient contrivance, are far from
producing the accuracy requifite in modern che-
miftry, as will be readily perceived when I come
to treat of compound diftillation.

SECT. VL

Of Sublimation.

This term is applied to the diftillation of fub-
ftances which condenfe in a concrete or folid
form, fuch as the fublimation of fulphur, and of
muriat of ammoniac, or fal ammoniac. Thefe
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 ftone or
porcelain ware, which adjuft to each other over
a cucurbit containing the fulphur to be fubli-

med. One of the beft [ubliming veffels, for fub-
-+ @anges =hich are not very volatile, is a flafk,
i, funk about two-thirds into a

Gg fand-
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or Pntumatu-cbmwal Difillations, Metallzt Dxf
JSolutions, and fome -otber Operations which re-
quire very complicated Tnfiruments.

SECT. L

. "

of Cmpound and Pnadmato-cbmzcal D; /lxIlat:on.r

N the preceding chapter, I have only treated
of diftillation as a fimple operation, by which
two {ubftances, differing in their degrees of vola-
tility, may be feparated from each other; but dif-
tillation often adually decompofes the fubftan-
ces fubmitted to its a&ion, and becomes one of
the moft complicated operations in chemiftry.
In every diftillation, the fybftance diftilled muft
be brought to the ftate of gas, in the cucurbit or
tetort, by combination with caloric : In fimple
diftillation, this caloric is given out in the re-
fngera.tory or in the worm, and the fubftance
“iti'fécovers its liquid or folid form ; but the
‘ces fubmitted to compound dittillation

Gg2 arg
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tube *. A determinate weight of diftilled water

is ufually put into the firft bottle, and the other

three have each a folution of cauftic -potath in

water. The weight of all thefe bottles, and of

the water and alkaline folution thépcontain, muft

‘be accurately afcertained. Every thing being thus

difpofed, the jun&ures between the retort and re-

cipient, and of the tube D of the lattet; muft be .
luted with fat lute, covered over with flips of
linen, fpread with lime and white of eggs; all

the other jun@ures are to be fecured by a lute

made of wax and rofin melted together.

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 leaft volatile
produ@s 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, ams
oniac, and feveral others, will condenfe.in the
ient GC, whilft the gaffes, which are net

gible of condenfation by cold, will pafs on
gt:’ tubes; and boil up. through the liquors
“*-p feveral bottles. Such as are abforbable

L . Ggs . ) by

M&ﬁm of this apparatus, PL. IV. Fig, 1
.4 much etter idea of its difpofition than can
'ven by the moft laboured defcripti?n.-—'l'.'
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In experiments of this kind, I for 4 long time
met with an almoft infurmountable difficulty,
which mutft at laft have obliged me to defift alto-
gether, 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 fur«
nace, and matty other circumftances infeparable
from this kind of experiments, caufe frequent
reabforptions of gas ; when this oecurs, the water
in the ciftern of the pneumato-chemical appara-
tus rufhes into the laft bottle through the tube
RM ; the fame circumftance happens from one
bottle into another, and the fluid is often forced
even into the recipient C. This accident is pre-
vented by ufing bottles having three necks, as
reprefented in the plate, into one of which, in
each bottle, a capillary glafs-tube S¢, s, st, 52, is
adapted, fo as to have its lower extremity ¢ im-
merfed in the liquor. If any abforption takes
place, either in the retort, or in any of the bot-
tles, a fufficient quantity of external air enters,
by means of thefe tubes, to fill up the void ; and
we get rid of the inconvenience at the price of
having a {mall portion of common air mixed with
the produés of the experiment, which is there-
by prevented from failing altogether. Though
_thefe tubes admit the external air, they cannot

mt any of the gaffeous. fubftances to efcape,
iey are always fhut below by the water of
rttles,

Ggs It
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there is fufficient liquid in the recipient to fe-
cure its lower extremity.

This apparatus cannot be ufed in very accu-
rate experiments, when the fubftances intended
to be operated upon have a very rapid action
upon each other, or when one of them can on-
ly be introduced in fmall fucceffive portions, as
in fuch as produce violent effervefcence when
mixed together. In fuch cafes, we employ 4
tubulated retort A, PL. VII. Fig. 1. into which
one of the fubftances 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
length, from B to C, that the column of liquid
introduced may counterbalance the refiftance
produced by the liquors contained in all the
bottles, Pl. IV. 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-
fary for making all the previous preparations in
experiments of this kind. It is very true thar,
ifw " into account all the neceflary weigh-

terials and produdls, both before and
after

.
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after the experiments, thefe preparatory and fuc.
ceeding fteps require mueh more time and atten-
tion than the experiment itfelf, But, when the
experiment {ucceeds properly, we are well re-
warded for all the time and trouble beftowed, as,
by one procefs carried on in this accurate man. -
ner, much more juft and extenfive knowledge is
acquired, of the nature of the vegetable or ani-
mal fubftance thus fubmitted to inveftigation,
than by many weeks affiduous labour in the or.
dinary method of proceeding.

When in want of bottles with three orifices,
thofe with two may be ufed ; it is even poffible
to introduce all the three tubes at one opening,
fo as to employ ordinary wide-mouthed bottles,
provided the opening be fufficiently large. In
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SECT. IL

Of Metallic Diffslutions.

I have already pointed out the difference be-
tween folution of falts in water and metallic dif-
{olutions, The former requires no particulas
veflels, whereas the latter requires very complis
cated veflels of late invention, that we may not
lofe any of the produd@s of the experiment, and
may thereby procure truly conclufive refults of
the phenomena which occur. The metals, in
general, diffolve in acids with efferveicence,
which is only a motion.excited in the folvent by
the difengagement of a great pumber of bubbles
of air or aériform fluid, which proceed from the
furface of the metal, and brenk at the furface of
the liquid.. : - C

Mr Cavendith and Dr Prieftly were the firfy
inventors of a proper apparatus for colleing
thefe elaftic fluids. That of Dr Prieftly is
extremely fimple, and confifts of a bottle A,
PL. VIL Fig. 2. with its cork B, through which
pafles the bent glafs tube BC, which is engaged

:umato-
1 full of
into the

bottle,
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. Another method has ‘been fince employed,
which. ferves. the. fame purpofe, and is prefer-
able to the laft defcribed in fome inftances. This .
confifts in adapting to one of the mouths of the
bottle A, PL VIIL Fig. 4. a bent tube DEFG,
having a capillary opening at D, and ending in
a funnel at G. This tube is -fecurely luted to
the mouth C of the bottle. When any liquid
is poured into the funnel, it fills downto F 3
and, if a fufficient quantity be added, it paffes
by the curvature E, and falls flowly into_the
bottle, fo long as frefh liquor is fupplied at the
fupnel. ‘The liquor’can never be forced out of
the tube, and no gas can efcape. tbrougb it, be-
caufe the weight of the liquid ferves the purpofe
of an accurate cork.

To prevent any diftillation of acid, efpecially
in diffolutions accompanied with heat, this tube
is adapted to the retort A, Pl VI Fig. 1. and
a {mall tubulated recipient, M, is applled in
which any liquor which may diftil is condenfed.
On purpofe to feparate any gas that is abforb-
able ?y water, we add the double necked bot-
tle L, half filled with a folution of .cauftic pot-
ath : the alkali abforbs any carbonic acid gas, .
and ufually only one or two other gafles pafs

_into the jar of the connected pneumato-chemi-
,cal apparatus through the tube NO. In the
iﬁrﬁ: chapter.of this third part we have directed
Saw’'th  re to be feparated and examined.

If
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All the parts of this machine are joined toge-
ther by accarate ferews, and the touching parts
have greafed leather interpofed, to prevent any
paffage of air. Each piece is likewife fornifhed
with two ftop-cocks, by which its two extremi-

~ ties may be ¢clofed, fo that we can weigh each fe-
parately at any period of the operation.

The fermentable matter, fuch as fugar,- with
a proper quantity of yeaft, and diluted with wa-
ter, is put into the matrafs. Sometimes, when
the fermentation is too rapid, a confiderable
quantity of froth is produced, which not only
fills the neck of the matrafs, but paffes into the
recipient, and from thence runs down into the
bottle C. On purpofe to colle this fcum and
muft, and to prevent it from reaching the tube
filled with deliquefcent falts, the recipient and
conneéted bottle are made of confiderable capi
city. .

In the vinous fermentation, only carbonic
acid gas is difengaged, carrying with it a fmall
proportion of water in folution. A great ‘part
of this water is depofited in paffing through the
tube g b i, which is filled with a deliquefcent
falt in grofs powder, and the quantity is afcer-
tained by the augmentation of the weight of the
falt. The carbonic acid gas bubbles up through

x .. the alkaline folution in the bottle D, to which
' eyed by the tube £/m. Any fmall

tich may not be abforbed by this

T firft
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fults 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 {mall minute pores,’
through which the gas efcapes, efpecially when
comprefled by a coelumn 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 decompofing
alkohol, which refolves into carbon, 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 num.
ber of experiments of this nature,

Hha CHAP.
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CHAP. VIL

Of tk2 Compofition and Application of Lautes,

HE necetlity of properly fecuring the junc-
T tures of chemical,veflels, to prevent the
elcape of any of the produ@s of experiments,
muit be 1utficiently apparent ; for this purpofe
lutes are erployed, which ought to be of fuch a
rarure as to be equally impenctrable to the mok
fabsile tebitances as glafs itdelf, through which

caly caloric can efcape.
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For fuch cafes, the following fat lute is the
beft hitherto difcovered, though not without its
difadvantages, which fhall be pointed out. Take

_very pure and dry unbaked clay, reduced to a

fine powder, put this inte a brafs mortar, and
beat it for feveral liours with a heavy iron pettle,
dropping in {lowly fome boiled lintfeed oil ; this
is oil which has been oxygenated, and has ac-
quired a drying quality, by being boiled with
litharge. This lute is more tenacious, and ap-
plies better, if amber varnifh be ufed inftead of
the above oil. To make this varnifh, melt fome
yellow amber in an iron laddle, by which opera-
tion it lofes a part of its fuccinic acid, and effen-
tial oil, and mix it with lintfeed oil. Though
the lute prepared with this varnifh is better than
that made with boiled oil, yet, as its additional
expence is hardly compenfated by its fuperior
quality, it is feldom ufed.

The above fat lute is capable of fuftaining a
very violent degree of heat, is ‘impenetrable by
acids and fpiritous liquors, and adheres exceed-
ingly well to metals, ftone-ware, or glafs, provi-
ding they have been previoufly rendered per-
fectly dry. Baut if, unfortunately, any of the
liquor in the courfe of an experiment gets
through, either betwecen the glafs and the late,
or between the layers of the lute itfelf, fo as to
moiften the part, it is extremely difficult to clofe

Hh3 the
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" BéfoVe applying 4 ldte, all the junures of
the veflels muft be accurately and firmly fitted
to each other, fo ay not to admit of being mo-
ved. ' If the'beak of a rétort is to be luted to
the neck of a recipient, they ought to fit pretty
accurately ; otherwife we muft fix them by in-
troducing fhort pieces of foft wood, or of cork.
If the difpropertion between the two be very
confiderable, we imuft employ a cork which fitd
the neck of the récipient, having a circular hold
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 1V. Fig. 1.
and others of a fimilar nature. Each mouth of
each bottle muft be fitred with a cork, having s
hole made with a round file of a proper fize for
containing the tube. Ard, when one miouth is
intended to admit two ot more tubes, whick
frequently happens when we have not a fuffi<
cient number of bottles with two or three necks,
we muft ufe a cork with two' qr three holes,
PL1V. Fig. 8.

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 affiftance of heat, if neceffary. It is
rolled into little cylindrical pieces, and applied
to the junctures, taking great care to make it

Hhg apply
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or at leaft to diminith the number neceffary in
complicated inftruments. I once thought of
having my apparatus conftru&ted fo as to unite
in all its parts by fitting with emery, in the way
of bottles with cryftal ftoppers ; but the execu-
tion of this plan was extremely difficult. I have
fince thought it preferable to fubftitute columns
of a few lines of mercury in place of lutes, and
have got an apparatus conftructed upon this
principle, which appears capable of very conve-
nient application in a great number of circum-
ftances.

It confifts of a double necked bottle A, P1. XII.
Fig. 12.; the interior neck & ¢ communicates
with the infide of the bottle, and the exte-
rior neck or rim d ¢ 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
paffage of the tubes which convey the gas.
Thefe tubes, inftead of entering direétly into
the bottles as in the ordinary apparatus, have a
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
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
*he cap firmly fitted on, the gutter is filled with_

3 mercury,
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CHAP. VIIIL

Qf Operations upon Combuftion and Deflagration.

SECT. L

. Of Combuftion in General.

OMBUSTION, according to what has
been already faid in the Firft Part of this
Work, is the decompofition of oxygen gas pro-
duced by a combuftible body. The oxygen
which forms the bafe 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,
every oxygenation does not neceflarily imply
concomitant combuftion; becaufe combuftion,
properly 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
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nity to the combuftible body than it has to ca
loric ; and this elective attra&ion, to ufe Berg-
-man’s expreffion, can only take place at a certain
degree of tempcerature, which is different for each
combuftible fubftance ; hence the neceffity of gi-
ving a firft motion or beginning to every com:
buftion by the approach of a heated body. This
neceflity of heating any body we mean to burm
depends upon certain confiderations, which have
not hitherto been attended to by amy natural
philofopher, wherefore I fhall enlarge a little
upon the fubject in this place.

Nature is at prefent in a ftate of equilibrium,
which cannot have been attained until all the
{pontancous combuftions or oxygenations pof-
fible in the ordinary degrees of temperature had
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known to chemiftry. By gradually 'increafing
the temperature of the earth ,the fame circum-
ftance would fucceflively happen to all the bo-
dies capable of combuftion ; and, at‘laft, every
poflible combuftion having taken place, there
would no longer exift any combuftible body
whatever, as every fubftance fufceptible of that
operation would be oxygenated, and confequent-
ly incombuftible.

There cannot therefore exift, fo far as relates
to us, any combuftible body, except fuch as are
incombutftible 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, nat to poffefs the property of
.combuftion, unlefs heated, or raifed to the de-
gree of temperature at which its combuftion na-
turally takes place. When this degree is once
produced, combuftion commences, and the calo-
ric 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 neceffary
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 poffeffes fome circum-
flances in common with diftillation, efpecially

with
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wiza the compound kind of that operation, they
diJer ino a very materia] point. In diftillatiog |
there i; a feparation of one part of the elements
of the fubitance from each other, and a confequent
combination of thefe, in a new order, occafioned
by the affinities which take place in the increafed
temperature produced during diftillation : Ths
likewife happens in combuftion, but with thi
farther circumftance, that a new element, na
originally in the body, is brought into aétion;
oxygen is added to the fubftance fubmitted to
the operation, and caloric is difengaged.

The neceflity 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 operatio:

LN * - 19 a 1 - 1Y v
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nature of the combuftible bodies, but upon that
of the inftruments neceflary for combuftion.)

SECT. IL

Of tbe Combuftion of Pbo/pborus.

In thefe combuftions we begin by filling a jar,
capable at leaft of holding fix pints, with oxy-
gD gas in the water apparatus, Pl V. Fig. 1.3
- when it is perfedly full, fo that the gas begins
to flow out below, the jar A is carried to the
mercury apparatus, Pl. 1V, Fig. 3. We then
dry the furface of the mercury, both within and
without the jar, by means of blotting-papen:,‘ 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 flicks very obftinately to the
furface of the paper. The body to be fubmit-
ted to combuftion, being firlt very ;accurately
weighed in nice fcales, is placed in a fmall flat
fhallow difh, 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 paffed
through the mercury into the jar, after which
the larger cup is retired. . The difficulty of paf-
fing the materials of combutftion in this manner

through
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In the firft moment of combuftion the air, be-
ing heated, rarifies, and the mercury defcends ;
but when, as in combuttions of phofphorus and
iron, no elaftic fluid is formed, abforption be-
comes prefently very {enfible, and the mercury
rifes high into the jar. Great attention muft be
ufed not to burn too large a quantity of any fub-
ftance in a given quantity of gas, otherwife, to-
wards the end of the experiment, the cup would
approach fa near the top of the jar as to endan-
ger breaking it, by the great heat produced, and
the fudden refrigeration from the cold mercury.
For the methods of meafyring the volume of the
gafles, and for corre@ing the meafures according
to the height of the barometer and thermometer,:
&c. fee Chap. II. Se&. V. and VL. of this Part.

The above procefs anfwers very well for burn-
ing 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 dan-
gerous for fubftances {ufceptible of evaporating
in a moderate heat, fuch as ether, alkohol, and
the effential oils ; thefe fubftances diffolve in con-
fiderable quantity in oxygen gas ; and, when fet
on fire, a dangérous and {udden explofion takes
place, which forces up the jar to a great height,
and dathes it in a thoufand pieces. From the
effe@s of two fuch explofions fome of the mem-

: Ii bers
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after this exhauft the balloon by means of an
air-pump conneced with the tube x x x, and fill
it with oxygen gas by the tube y y y, from the
gazometer, Pl. VILI. Fig. 1. defcribed Chap. II.
Se. II. of this Part. The Phofphorus is then
fet on fire by means of a burning-glafs, and is al-
lowed to burn till the cloud of concrete phofpho-
ric acid ftops the combuftion, oxygen gas being
continually fupplied from the gazometer. When
the apparatus has cooled, it is weighed and un-
luted ; the tare of the inftrument being allowed,
the weight is that of the phofphoric acid contain-
ed. It is proper, for greater accuracy, to exa-
mine 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 expe.
riment.

-QOf the Combyftion of Charcoals

¢ appantus I have employed for this pro-
@k # {mall conical furnace of ham-
~efented in peripeive, PL. X1I.
ally difplayed Fig.11. It is
lia divided
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burns at one time than what is immediately over
the grate. .

As one piece of charcoal is confumed, another
falls down into its place, in confequence of the
declivity of the fides of the furnace; this getsin-
to the ftream of air, from the grate,d ¢, and is
burnt ; 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 preffure
of the gazometer, to efcape through the tub,
o p, and to pafs through the bottles of alkaline
folution..

This experiment furnifhes all the neceffary
data for a complete analyfis of atmofpheric air
and of charcoal. We know the weight of char-
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In a future memoit 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 charcoals. By fome very
flight alterations, this machine may be made to
anfwer for obferving the principal phenemena of
gefpiration.

\

SECT. 1V.

Of the Combufion of Oils.

Oils are more compound in their nature than
charcoal, being formed by the combination of
at leaft two elements, carbon and hydrogen ; of
courfe, after their combuftion in common air,
water, carbonic acid gas, and azotic gas remain.
Hence the apparatus employed for their combuf-
tion requires to be adapted for colleing thefe '
three produds, and is confequently more com-
plicated than the charcoal furnace.

The apparatus I employ for this purpofe is
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 receding
from the jar at BC, fo as to leave a furrow or
gutter xx, between it and the outfide of. the jar,

o Tig fomewhat
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fomewhat more thén two inches deep. The o
ver ot lid of the jan, Fig. g. is likewife fosfousl. -
ed by an iron rimf#, which adjufts into the
gutter x , Fig. 4. which- being filled with mes-
cury, has the effelt of clofing the jar hermet-
cally in an inftant, withowt ufing any lute ; and, .
as the gutter will hold about two inchep of mes
cury, the air in the jar may be made to fuftsi
the preflure of more than two feet of wates,
without danger of its efcapipg.

The lid has foar holes, T 4 i %, for the paffag
of an equal number of tubes. The opening T
is furnifhed with a lesther box, through whick
pafles the rod, Fig. 3. intended for raifing and
. lowering the wick of the lamp, as will be after-
wards direGted. The three other holes are in-




OF CHEMISTRY. 505

the refervoir one way or the other, it is made to
vife or fall, by which the oil is Xept at the necef-
fary level.

When the fyphon is to be filled, and the com-
munication formed between the refervoir of oil
and the lamp, the flop-cock ¢ is fhut, and that
at e opened ; oil is then poured in by the open-
ing fat the top of the fyphon, till it rifes within
three or four lines of the upper edge of the lamp,
after which the ftop-cock £ is fhut, and that at ¢
opened ; the oil is next poured in at f, till the
branch b ¢ 4 of the fyphon is filled, and then the
ftop-cock ¢ is clofed. The two branches of the
fyphon being now completely filled, & communi-
<cation is fully eftablifhed between the refervoir

“and the lamp.

In Pl XII. Fig. 1. all the parts of the lamp
11, Fig. 2. are reprefented magnified, to thew
them diftin@ly. The tube i £ carries the oil
from the refervoir to the cavity a & & &, which
contains the wick ; the tabe g, 10, brings the air
from the gazometer for koeping up the combuf-
tion ; this air {preads through the cavity ddd d,
and, by means of the paflagesccccand 54 b 3,
is diftributed on each fide of the wick, after the
principles of the lamps conftru&ted by Argand,
Quinquet, and Lange.

To render the whole of this complicated ap-
paratus more cafily underftood, and that its de-
fcription may make all others of the fame kind

more
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main in folution, it is abforbed by deliquefcent
falts contained in the tube 19, 20.

All thefe precautions are folely intended for
colle&ting and determining the quantity of water
formed during the experiment ; the carbonic acid
and azotic gas remain to be afcertained. The
former is abforbed by cauftic alkaline folution in
the bottles 22 and 25.° 1 have only reprefented
two of thefe in the figure, but nine at leaft are
requifite ; and the laft of the feries may be half
filled with lime-water, which is the moft certain
reagent for indicating the prefence of carbonic
acid ; if the lime-water is not rendered turbid,
we may be certain that no fenfible quantity of
that acid 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 combutftion, is carried through a third
tube 28, 29, of deliquefcent falts, to deprive it
of any moifture it may have acquired in the
bottles 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-
- $ains. : : »
#n the, combuftion of .oils the wick becomes

_ : at
~
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B C, and by two rods of iron which conne@ this
board with the lid, and are fcrewed to 1t. A
fmall quantity of oil is burnt while the jar is ad-
jufting to the lid, and the produé of that cpom-
buftion is loft ; there is likewile a fmall portion of
air froni the gazometer loft at the fame time.
Both of thefe are of very inconfiderable confe-
quence in exteafive experiments, and they are
even capable of being valued in our calculation
of the refults. '
-In a particular memaoir, l thall give am accounk

to the Academy of the difficulties infeparahle
from this kind of experiments: Thefe are fo in-
furmountahle and troublefome, that I bave nog
hitherto been abla ta obtaia any rigorous deter-
mination of the guantities of the produdts. 1have
fufficient proof, howerer, that the fixed oils ara
entirely refolved duting combullion into water
and carbonic acid ges, and confequently thay
they are compofed of hydrogen and catben ; but,
1 have no certain knowledge refpedling the pro-~ .
portioas of thefe ingredients.

SECT.
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ed to fet the little morfel of phofphorus on fire
by means of the red hot iron, a violent explofion
took place, which threw the jar with great vio-
lence againft the floor of the laboratory, and
dafhed it in a thoufand pieces.

Hence we can only operate upon very {mall
quantities, fuch as ten or twelve grains of alko-
hol, in this manner; and the errors which may

“be committed in experiments upon fuch {mall
quantities prevent our placing any confidence in
their refults. I endeavoured to prolong the com-
buftion, in the experiments contained in the
Memoirs of the Academy for 1784, p.593. by
lighting the alkohol firft in common air, and fur-
nifhing oxygen gas afterwards to the jar, in pro-
portion as it confumed ; but the carbonic acid gas
produced by the procefs became a great hinder-
ance to the combuftion, the more fo that alkohol
is but difficultly combuftible, efpecially in worfe
than common air ; fo that even in this way very
fmall quantities only could he burnt.

Perhaps this combuftion might fucceed better
in the oil appartus, Pl. XI.; but I have not
hitherto ventured to try it. The jar A in which
the combuftion is performed is near 1400 cubi-
cal inches in dimenfion ; and, were an explofion
to take place in fuch a veffel, its confequences
would be very terrible, and very difficult to
guard againft. I have not, however, defpaired
~f making the attempt.

In
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forced, by the preflure of the gazometet, to boil
up through the ether in the refervoir. W§
may replace the ether in this firft refeivdir, in
propomon as it is diffolved and ‘carried off" by
the air, by means of the fupplemtentdry refer
voit E, conneted by « ‘brafs tube fifteer of
cighteen inches long, and fliut by a ftop-cock
This length of thé comne&lting tube’is to‘enable
the defeending ether tol overcome the tefiftance,
occafioned by the pmﬂim: ‘of thc anr frbm the ga-
zometer.

The air, thus loaded ‘with Va'pdilrs of ethbt
is conduéted by the tube 5, 6, 7, 8, 9, to thd jar
A, into whichi it is alowed to efcape through a
capillary operning, at the éxtremity of ‘which it is
fet on fire. Theait, when it has ferved the pue-
pofe of combuftion, paffes through.the bottle 16,
Pl. XI. the worm 17, 18, and the @éligitefcent
tube 19, 20, after which it paffes through the al-
kaline bottles; in thefe its carbonic acid gas is
abforbed, the water formed during the experi-
ment having been previoufly depofited, in the
- former parts of the apparatus.

When I caufed conftruct this apparatus, I
{uppefed: that the combinagion of atmaipherie pir
and ether farmeg in therefesvoir a he.d, PL X1,
Fig. 8. wes in proper proportiao for.fuppeiting
combuflion; but in this I was miftaken; for.
there is a very confiderable quantity of excefs of

fo that an additional quantity of atmo-
Kk . fpheric
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THis experiment would be very eafy, and would
only require very fimple inftruments, if it were
poffible to procure the two gaffes perfectly pure,
fo that they might burn without any refiduum.

We might, in that cafe, operate ‘in very {mall-
veflels, and, by continually furnifhing the two
gafles in proper proportions, might continue the

combuftion indefinitely. ‘But; hithetto; chemifts -
have only employed impure oxygen gas; mixed
with azotic gas ; from which circumftance they
have only been able to kecp up the combuftion
of hydrogen gas for a very limited time in clofe
veflels, becaufe; as the refiduum of azotic gas
is continually increafing, the air becomes at laft
fo much contaminated, that the flame weakens
and goes out. This inconvenience is o much the
greater in proportion as the oxygen gas employ-
ed is lefs pure. From this circumftance, we
mutft either be fatisfied with operating upon {mall
quantities, or muft exhauft the veffels at in-
tervals, to get rid of the refiduum of azotic
gas ; but, in this cafe, a portion of the water
formed during the experiment is evaporated by
the exhauftion ; and the refulting error is the
more dangerous to the accuracy of the procefs,
that we have no certain means of afcertaining

its value. P

Thefe confiderations make me defirous ‘to
repeat the principal experiments of pneumatic
emiftry with oxygen gas entirely free from
Kka2 any
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ped, by thutting the ftop-cock of the tube d Dd
whenever the flame grows very feeble ; for which
purpofe it muft be attentively watched.

There is another apparatus for combuftion,
which, though we cannot with it perform expe-
riments wijth the fame fcrupulous exactnefs as
with the preceding inftruments, gives very ftri-
king refults, that are extremely proper to be
fhewn in courfes of philofophical chemiftry. It
confifts of a worm EF, Pl. I1X. Fig. 5. contained
in a metallic cooler 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 onter 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 burning alkohol, &c..

Things being thus difpofed, 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 ¥ into the bottle P. The double
tube of the chimney, filled with fand in the in-
teritice, is to prevent the tube from cooling in
#ts upper part, and condening the water ; o-

y it would fall back in the tube, and we
ng.be able to afcertain its guantity, and
Kk3 befides



OF CHEMISTRY.  s1p

becomes difengaged: in " its -free ftate; but, as
this difengagement, when made.in.common air,
is flow and progreffive, it is fcarvely evident to
the fenfes. It is quite otherwife, however, when
oxydation takes place in oxygen gas ; for, being
produced with much greater: rapidity,: it is ges
nerally accompanied with:heat and light, fo as
evidently to fhew that metallic fubﬁances 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 thegreateft
known heat ; whereas the other metals abforb it
in a larger or fmaller quantity, until the affinities
of the metal to oxygen, and of the latter to calo-
ric, are in exa& equilibrium.” Indeed, this fate
of equilibrium of affinities may be affumed as a
general law of nature in‘all combinations. :: 7

In all operations of this nature, the oxydation
of metals is accelerated by giviag:free accefs 16
the air ; it is fometimes much affifted by joining
the action of bellows, fo contrived as to dirett 8
ftream of air over the furface of the metal, This
procefs becomes greatly more. rapid iif a fiream
of oxygen gas be ufed, which isreadily done by
means of the gazometer formerly defcribed. The
metal, in this cafe, throws out a:brilliant flame;

id the oxydation is véry quickly dccomplithed

7. Kkg but
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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 thri-
velled by the heat of the furnace, unlefs covered
over with cloths kept conftantly wet.

This experiment is performed with more cer-
tainty in the apparatus defcribed in the Me-
moirs of the Academy for 1475, p. 580. This
confifts of a retort, A, Pl. IV, Fig. 2. havinga
crooked glafs tube BCDE of ten or twelve lines
internal diamete‘r, melted on to its beak, and
which is engaged under the bell-glafs 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 mercury in
common air ; the red oxyd floats upon the fur-
face, from which it may be colle¢ted and revived.
fo as to compare the quantity of oxygen gas ob-
tained in revivification with the abforption which
took place during oxydation. This kind of expe-
riment can only be performed upon a fmall fcale,
fo that no very certain conclufions can be drawn
from it*,

' The

.+ * Sge ap account of this exyerimcnf, Part 1. Chap.
1M—
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lar matrafles during feveral months, and renew-
ing the mercury from time to time, a few oun-
ces of red oxyd are at laft abtained. The great
flownefs and inconvenience of this apparatus a-
rifes from the air not being {ufficiently 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 ia the
veffel. '

As, of all the experiments upon the oxydation
of metals, thofe with mercury.are the moft con-
clufive, it were much to be wifhed that a fimple
apparatus could be contrived by which this oxy-
dation and its refults might be demonftrated in
public courfes of chemiftry. This might, in my
opinion, be accomplifhed by methads fimilar to
thofe I have already defcribed for the combuftion

- of charcoal and the oils; but, owing to 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
portion of azotic gas, which indicates that the
mercury abforbs a fmall portion of this latter
gas during oxydation. It almoft always con-
*ains a little carbonic acid gas, which muft un-

doubtedly
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which is engaged under jars in the water prieu~:
mato-chemical apparatus ; and I place a bottle”
in the water, at the end of the tube, for recei-
ving the mercury, ia proportion as it revives and .
diftils over. As the oxygen gas never appears
till the retort begonies red, it feems to prove the
principle eftablithed by Mr Berthollet, that an
obfcure heat cam never form oxygen gas, and-
that light is one of its conftitueat elements. We
muft reje the firft portion of gas which comes
over, as being mixed with common air, from
what was contained in the retort at the begin-
ning of the experiment ; but, even with this pre-
caution, the oxygen gas procured is ufually con-
taminated with a tenth part of azotic gas, and
with a very fmall portion of carbonic acid gas.
This latter is readily got rid of, by making the
gas pafs through a folution of cauftic alkali, but
we know of no method for feparating the azotic
gas ; its proportions may however be afcertained,
by leaving a known quantity of the oxygen gas
contaminated with it for a fortnight, in contact
with fulphuret of foda or potafh, which abforbs
the oxygen gas, and converts the fulphur into
fulphuric acid, leaving the azctic gas pure.
We may likewife procure oxygen gas from
black oxyd of manganefe, or from nitrat of potafh,
by expofing them to a red heat, in the appara-
tus already defcribed for operating upon red
‘ oxyd
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oxyd of mercury ; only, as it vequires fdeht
heat as is at leaft capable of foftening glafs, we
muft employ retorts of ftone or of porcelain. Bat
the pareft and beft oxygen gas is what is dife-
gaged from oxygenated muriatof potafh by fimple
heat. This operation is performed in a glaf re-
tort, and the gas obtained is perfetly puare, pro-
vided that the firft portions, which are mixed
with the common air of the veflels, be rejednd
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CHAP IX.
Of Deflagration.

" Have already fhewn, Part I. Chapter IX.
that oxygen does not always part with the
whole of the caloric it contained in the ftate of
gas, when it enters into combination with other
bodies. It carries almoft the whole of its caloric
along with it on entering into the combinations
which form nitric acid and oxygenated muriatic
acid ; fo that in nitrats, and more efpecially in
oxygenated muriats, the oxygen is, in a certain_
degree, ir the ftate of oxygen gas, condenfed,
and reduced to the fmallet volume it is capable
of occupying. .
Inthefe combinations, the caloric exerts u
conftant- action upon the oxygen to bring it
back to the ftate of gas ; hence the oxygen ad-
heres but very flightly, and the {malleft addi-
tional force is capable of fetting it free; and,
when fuch-force is applied, it often recovers the
ftate of gasinftantancoufly. This rapid paffage
from the folid to the aériform ftate is called de-
tonation, or fulmination, becaufe it is ufually
accompanied with noife and explofion. Defla-
grations are commonly produced by means of
vcombination's of charcoal, either with nitre or
L1 with
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ged at once is too large to get through the pores
of the furrounding bodies, it muft neceffarily a&
in the fame way with ordinary elaftic fluids, and
muft overturn every thing that oppofes its paf-
fage.: This muft, at leaft in part, take place
when gun.powder is fet on fire in a cannon ; as,
although the metal is permeable too 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 refiftance all around, excepting to-
wards the muzzle, is too great to be ovércome,
this effort is neceflarily employed for expelling
the bullet. '

The caloric produces a fecond effect, by
means of the repulfive force exerted between
its particles ; it caufes the gaffes, difengaged at
the moment of deflagration, to expand with a
degree of force proportioned to the temperature
- produced. .

It is very probable that water is decompofed
during the deflagration of gun-powder, and that
part ot the oxygen furnifhed to the nafeent car-
bonic acid gas is produced fromit. If fo, a
confiderable quantity of hydrogen gas muft be
difengaged in the inftant of deflagration, which
expands, and contributes to the force of the ex-
plofion. It may readily be conceived how great-
ly this circumftance ‘muft increafe the effe¢t of
powder, if we confider that a pint of hydrogen

Ll2 £Aas
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employed. I would very earneftly advife fuch
as intend to repeat fome of thefe experiments,
to be very much upon their guard in operating
upon any mixtare which contains nitre, char-
coal and fulphur, and more efpecially with thofe
in which oxygenated muriat of potafh is mixed
with thefe two materials.

I make ufe of piftol-barrels, about fix inches
long, and of five or fix lines diameter, having
the touch-hole fpiked up with an iron nail
ftrongly driven in, and broken in the hole, and
a little tin-fmith’s folder run in to prevent any
. poffible iffue for the air. Thefe are charged
with a mixture of known quantities of nitre and
charcoal, or any other mixture capable of de.
flagration, reduced to an impalpable powder,
and formed into a pafte with a moderate quan-
tity of water. Every portion of the materials
introduced muft be rammed down with a ram-
mer nearly 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-
phur is contained in the mixture, is to difcover
the proper degree of moiftening ; for, if the
pafte be too much wetted, it will not take fire,
and if too dry, the deflagration is apt to become
too rapid, and even dangerous.
£ Li3 When
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CHAP. X

Of the Inflruments neceflary for Operating upon
Bodies in very bigh Temperatures.

SECT. L

Qf Fufion.

E have already feen, that by aqueous fo-
lution, in which the particles of bodies
are feparated from each other, neither the fol-
vent nor the body held in folution are at all de-
compofed ; fo that, whenever the caufe of fe-
paration ceafes, the particles reunite, and the fa-
line fubftance recovers precifely the fame appear-
ance and properties it poffeffled before folution.
Real folutions are produced by fire, or by in-
troducing and accumulating a great quantity of
caloric between the particles of bodies ; and this
{pecies of folution in caloric is ufually called fu-
Sion.
This operation is commonly performed in
veflels called crucibles, which muft neceffarily

be
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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 ftones,
enamels, &c. are formed.

The aion of violent fire was much more fre-
quently employed by the ancient chemifts than
it is in modern experiments. Since greater pre-
cifion has been employed in philofophical re-
fearches, the bumid 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. -

SECT. IL

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 conftrulted, it is of great impor-
tance that a laboratory be well provided in this
refpect. A furnace is a kind of hollow cylindri-
cal tower, fometimes, widened above, Pl. XIII.
Fig.1. ABCD, which muft have at leaft two
lateral openings ; one in its upper part F, which

the door of the fire-place, and one below, G,

leading
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The reverheratary furnace, PL XIII. Fig. 2.
is perhaps more neceflary. This, like the com-
mon furnace, is compofed of the afh-hole HIKL,
the fire-place. KLMN, the laboratory MNOP,
and the domd¢ RRSS, 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 divifien called the laboratory, and
is fupported by two' bars of iron which run a-
crofs the furnace, and its beak comes out at a
round hole in Ahe fide of the furnace, one half
of which is cut in the piece called the labora-
tory, and the. cther 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 ; bence,. as. the quantity of charcoal
confumed, ‘on, what#is much the fame thing,
the quantity of caloric difengaged, is nearly in
proportion to the quantity of air which paffes
through the furnace, thefe furnaces do not
produce a fufficient effe& in a great number of
experiments, To remedy this defe@, there
ought to be two openings GG to the afh-hole
one of thefe is fhut up when only a moderate
fire is required ; and both are kept open when
the ftrongeft power of the furnace is to be
exerted, The opening of the dome SS ought

likewife
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likewife to be confiderably larger than it is ufe
ally made.

It is of great importance not to employn-
torts of too large fize in proportion to the fur-
nace, as a fufficient fpace ought always to beal-
lowed for the paffage of the air between the
fides of the furnace and the veflel. ‘The retot
A in the figure is too fmall for the fize of the
furnace, yet I find it more eafy to point out the
error than to corre& it. The: intention of the
dome is to oblige the flame and heat to furround
and ftrike back or reverberate upon every pat
of the retort, whence the furnace gets the name
of reverberatory. Without this circumftance
the retort would only be heated in its bottom,
the vapours raifed from the contained fubftance
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influence of heat or of cold, while others are for
{uftaining the glafs, or forming a kind of fecond
retort, which fupports the glafs one during ope-
rations wherein the ftrength of the fire might
foften it. The former is made of brick-clay
with a little cow’s hair beat up along with it,
into a pafte or mortar, and fpread over the glafs
or ftone retorts. The latter is made of pure
clay and pounded ftone-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 materials,
if the glafs retort below fhould crack or foften.
‘But, in experiments which are intended for col-
le&ting gaffes, this lute, bcmg porous, is of no
manner of ufe.

In a great many experiments, wherein very
violent fire is not required, the reverberatory
furnace may be ufed as a' melting one, by leav-
ing out the piece called the laboratory, and
placing the .dome immediately upon the fire-
place, as reprefented Pl. XIII. Fig. 3. The fur-
nace reprefented in Fig. 4. is very convenient
for fufions ; it is compofed of the fire-place and
ath-hole ABD, without a door, and having»a
hole E, which receives the muzzle of a pair of
bellows ftrongly 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 very ftrong heat, but is

fufficient
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fufficient for ordinary operations, and may be
readily moved to any part of the laboratory
where it is wanted. Though thefe particular
furnaces are very convenient, every laboratory
muft be provided with a forge furnace, havinga
good pair of bellows, or what is more neceffary,
a powerful melting furnace. I fhall defcribe '
the one I ufe, with the principles upon which it
is conftructed.

"The air circulates in a furnace in confequence
of being heated in its paffage through the bum-
ing coals ; it dilates, and, becoming lighter thaa
the furrounding air, is forced to rife upwargds
by the preflure of the lateral columns of air,
and is replaced by fre(h air from all fides, efpe-
cially from below. This circulation of air.even
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equal to AC, the one of cold air without, and
the other of heated air within the furnace.
There muft be fome heated air above the open-
ing AB, and the fuperior levity of this ought
likewife to be taken into confideration; but, as
this portion is continually cooled and carried
off by the external air, it cannot produce any
great effe@. '
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 cooled and difperfed
by the furrounding air, the difference of fpecific
gravity which caufes the circulation will then be
between two columns equal to GC. Hence, if
GC be three times the length of AC, the cir-
culation will have treble force. This is upon
the fuppofition that the air in GHCD is as
much heated as what is contained in ABCD,
which is not ftrictly the cafe, becaufe the heat
muft decreafe between AB and GH; but, as
the air in GHAB is much warmer than the ex-
ternal air, it follows, .that the addition of the
tube muft increafe the rapidity of the ftream of
air, that a larger quantity muft pafs through
" the coals, and corfequently that a greater de-
gree of combuftion muft take place. - - .
We muft not, however, conclude frem thefe
- principles, that the length of this tube ought to
be indefinitely prolonged ; far, fince the heat of
Mm the
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are called cuppels. The lead is oxydated; be-
comes vitrified, and finks into the fubftance of
the cuppel, while the gold or filvet, being in-
capable of oxydation, remain pure.” As lead
will niot oxydate without free accefs of air, this
operation cannot be performed in a crucible
placed in the middle of the burning coals of a
furnace, becaufe the internal air, being moftly
already reduced by the combuftion into azotic
and carbonic acid gas, is no longer fit for the
oxydation of metals. It was therefore neceffury
to contrive a particular apparatus, in which the
metal fhould be at the fame time expofed to the
influence of violent heat, and defended from con-
ta&t with air rendered incombutftible by its paf-
fage through burning coals.

Thefurnace intended for an{wering this double
purpofe is called the cuppelling or effay furnace.
It is ufually made of a {quare form, as reprefent-
ed Pl. XIIL Fig. 8. and 10. having an afh-hole
AABB, a fire-place BBCC, a laboratory CCDD,
and a dome DDEE. The muffle or {mall oven
of baked earth GH, Fig. 9. being placed in the
laboratory of the furnace upon crofs bars of iron,
is adjufted to the opening GG, and luted with
clay foftened in watcr. The cuppels are placed
in this oven or muffle, and chdtcdal is convey-
ed into the furnace through thc"&ipeni'ngs of the
doine‘and fire-place. ' The external air enters

through the openings of the ath-hole for fup-
’ Mm 3 porting
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of the metal, and completes the cuppellation in
this way with great eafe and exaétnefs.

SECT. IL

Qf increafing the Altion of Fire, by ufing Ogygen
Gas inflead of Atmofpheric Air.

By means of large buming-glaﬂ"es,« fuch as
thofe of Tchirnhaufen and of 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 furnaees ufed
for baking hard poreelain. Bat thefe inftru-
ments are extremely expenfive, and de not even
produce heat fufficient to melt crude platina;
fo that their advantages are by no means fuffi-
cient to compenfate for the difficulty of pro-
curing, and even of ufing them. Concave mir-
rors produce fomewhat more effe® tham burn-
ing-glafles of the fame diameter, as is proved by
the experiments of Meflrs Macquer and Beaum¢é
with the fpeculum of the Abbé Bouriot; but,
as the diretion of the reflected rays is necefla-
rily from below upwards, the fubftance to be
operated upon muft be placed in the air with-
out any fupport, which renders moft chemical
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pofed to a rapid ftream of oxygen gas from the
extremity G of the tube FG.:

This manner of operating can only be ufed
with fuch bodies as may be placed, without in-
convenience, in conta® with charcoal, fuch as
metals, fimple earths, &c. . But for bodies
whofe elements have affinity td charcoal, and
which are confequently decompofed by that
fubftance, fuch as fulphats, phofphats, and
moft of the neutral falts, metallic glaffes, ena-
mels, &c. we muft ufe a lamp, and make the
ftream of oxygen gas pafs through its flame.
For this purpofe, we ufe the elbowed blow-pipe
ST, inftead of the bent one FG, employed with
charcoal. The heat produced 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 {ubftances are placed in cuppels of cal-
cined bones, or little cups of porcelain, or even
in metallic difhes. If thefe laft are fufficiently
large, they do not melt, becaufe, metals being
good conducors of heat, the caloric {preads ra-
pidly through the whole mafs, fo that none of its
parts are very much heated.

In the Memoirs of the Academy for 1782,
p. 476. and for 1783, p. 573, the feries of ex-
periments I have made with this apparatus may
be feen at large. The following are fome of the
principal refults.

1. Rock
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No, 1.

TaBLE for Converting Lines, or Twelfth Parts of
an Inch, and Fraétions of Lines, into Decimal
Fraétions of the Inch.

Twelfth Parts Decimal Decimal

of a line.  Fra&ions. Lines. Frations.

I 0.00694 1 0.08333

2 0.01389 2 0.16667

3 0.02083 3 0.25000

4 002778 4  ©.33333

5 0.03472 5 0.41667

6 0.c4167 6 0.50000

7 0.04861 7  ©0.58333

8 0.05550 8 0.06667

9 0.06250 9 0.75000

1o 0.00944 10 0.83333

11 0.07639 1 0.91667
12 0.08333 12 1.00000 -

. No.
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No. III.

TABLE for converting the Ounce Meafures ufed
by Dr Pricfily into French and Englifb Cubical
Inches*. :

Ounce French cubi- Englith cubi-
Meafures. cal Inches. cal inches.
1 1.567 1.898
2 3-134 3.796

3 4.701 5.694 .
4 6.268 7-592
5 7-835 9:490
6 9.402 11.388
7 10.969 13.286
8 12.536 15.184
9 14.103 17.082
10 15.670 18.980
20 31.340 37.960
30 47.010 56.940
40 62.680 75.920
50 . 78350 94-900
6o 04.020 113.880
70 1¢9.690 132.860
80 125.360 151.840
9o 141.030 170.820
100 o 156.700 189.800
1000 1567.000 . ~ 1898.000

No.
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aniy of them ‘may bé rediiced into the -corre-
{ponding degeees-ofi'any of the others by means
of the following fimple canons ;'in which R fig-
nifies the degrees on the fcale of Reaumeur, F
thole of Fahrenheit, and S thofe of the Swedith
thermometer. ,

1. To convert the degrees of Reaumeur to thofe

of Fatirenheit ."_?4.3@»-.

2. To convert the degrees of Fahrenkeit to
thofe of Reaumeur;E'-"-g’—xﬁr-:R.

3. To convert the Swedifh degrees té thofe of
Fahrenheit; X2 4-3o=F.
4- To convert Fahreaheit’s to Swedith ;

E—32%s, sS.
9
5. To convert Swedifh degrees to thofe of

Reaumeur ; ST’“=R. ‘
6. To convert Reaumeur’s degrees to Swedith ;

Rxss,
4
To {uch readers as are unacquainted with the

algebraic expreflion of arithmetical formulz, it
will be fufficient to exprefs one or two of thefe
in words to explain their ufe.—1. Multiply the
degree’of Reaumeur by g, divide the produ&
by 4, and to the quotient add 32, the fum ex-
prefles the degree on the fcale of Fahrenheit.—
2. From the degree of Fahrenheit fubtra 32,
Nn multiply
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", To reduce Paris ounces to Engh[h
‘Troy, divide by -

To reduce Englifh Troy ounces to { 1015734
Paris, multiply by -~ - -

Or the converfion may be made by mieans of
the following Tables.

I. To Reduce French to Englifb Troy Weight.

The Paris pound = 7561 :
The ounce = 472.5625 l%?g;‘ﬂl
The gros . = 590703 [ Grains
The grain = .8204 J )

IL. To Reduce Engli/b 'I'roy to Paris Weight.

The Englith Troy pound ) __
of ugounces, TP =7021.
The Troy ounce, = 585.0833 ! paris
The dram of 6ohgrs = 73.1354 }
‘The penny-weight, or de-7) __ .
mgr, ofy 24 ggs } 29-2541 | grains.
The fcruple, of 20 grs. = 24.3784 !
The grain, = 12189 )

III. 7o Reduce Englifb Averdupois to Paris
‘ Wagbt.

The averdupoxs pound
of 16 ounces, or 7000}—8 538. lParis
Troy grams, { grains.
. - = 533.6250 J
Nn2 § 2.
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-

VI. 70 Redyce French Cube Meafure to Englifp.

The Paris * 9 Englith
cube foot=1.211278 | cubical } 2093.088384 inches,’
“The cubic feet, o
inch == ,00pj00]) or 1.211278

1

VIL Zo Reduce Englifb Cube Megfure to French¥.

The Englith cube foot,

or 1728 cubical inchés} = 1437.4864 El:[e,:ﬂ;
The cubical inch = 8260 inches
The cube tenth = 0008 )

§ 3. Meafure of Gapacity.

The Paris pint contains §8.145 tgEnglith cu-
bical inches, and the Englifh wine pint contains

Nn3 28.875

* To convert the weight of a French cubic foot of any
particular fubftance given in French grains into the corre-
fponding weight of an Englith cubic foot in Englifh troy
grains ; multiply the French grains by 0.6773181, and
the produ& is the number of Englifh troy grains contain-
ed in an Englith cubic foot of the fame fubftance.

+ Itis faid by Belidor, Arcbit. Hydrog. to contain 31 oz.

" "« grs. of water, which makes it 58.075 Englith inches;
onfiderable uncertainty iff the determina-

tions
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i

No. VII.

TABLE of the Weights of the different Gafles, at
28 French inches, or 29.85 Engli/b inches ba-
rometrical preffure, and at 54.5° of tempera-

" ture, expreffed in Englifb meafure and Englifb
Troy weight. '

Names of 1 Specific gravity, Weight of 2 cu- Weight of a cu-
the Gafles. water being 1000, huf foot in gm. bicaliochin grs.

£ F
Atmofpheric* 1.2308 538.45 .311023
Azotic 1.1890 - 520.17 243154
Oxygen 1.3562  593.32  .343345

Hydrogen ~ 0.094671 4I.41  .023904

Carbonic acid 1.8454  807.3¢4  .467326
*

Nitrqué 1.4631 ° 640.09 = .370422

Ammoniacal '0.73539 321.72  .186180

Sulphurous acid 1.8856 824.98 471631

No,

# Thefe five were afcertained by Mr Lavoifier him-
felf—T.

¢ # The laft three are inferted by Mr Lavoifier upon
the authority of Mr Kirwan.—T.
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Silver, ftandard of French coin, 10 de-

. &7x

niers 21 grains fine, not hammered, 10.0476

The fame coined,

PLATINA.

‘Crude platina in grains,

The fame, after being treated with mu-
riatic acid,

Purified platina, not hammered,

“The fame hammered,

The fame drawn into wire,

The fame paffed through rollers,

COPPER anbp BRASS,

Copper not hammered,
The fame wire drawn,
Brafs not hammered, .
The fame wire drawn,
Common catft brafs, -

IRON anp STEEL.

Bar iron, either hardened or not,

Steel, neither tempered nor hardened,
Steel hardened under the hammer but
' not tempered,

10,4077

15.6017

16.7521
19.5000
20.3366
21.041%
22,0690

7.7880
8.8785
8.3958
8.5441
7.8240

7.2070
- %.7880
7.8331

7.8404
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Oriental Piftachio topas

Brafillian ditto
Saxon ditto
Ditto white ditte
Oriental Saphir
Ditto white ditto
Saphir of Puy
Ditto of Brafil
Girafol -
Ceylon jargon

garnet
ditto
Syrian ditto

Volcanic ditto with 24 fides

Peruvian emerald

Cryfolite of the jewellers

Ditto of Brafil -

Beryl, or Oriental aqua marine
Occidental aqua marine

-

§ 3. Siliceous Siones.
Pure rock cryftal of Madagafcar

Ditto of Brafil

Ditto of Europe, or gelatinous

Cryftallized quarts
Amorphous ditto
Oriental agate

573

4.0615
3:5305
3.5640
8:5535
3-994%
39911
4.0769
3.1397
4.0000
4.416%
3.6873
4.2299

- 4.1888
40627

4.0000
2.468¢4
2.7755
2.7821
2.6923
3.5489
2.722%

2.6530
2.6526
2.6548
2.6546
2.6471

2.5901
Agate
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§ 4. Various Stones, &c. -
Opake green Italian ferpentine, or gabro

. of the Florentines - - 2.4203
Coarfe Briancon chalk - 2.7274
Spanith chalk - 2.790%
Foliated lapis ollaris of Dauphmy 2.7687
Ditto ditto from Sweden - 2.8531
Mufcovy talc - - 2.7917
Black mica - - 2.9004
Common fchiftus or flate - 2.6718
New flate - - 2.8535
White rafor hone - 2.8763
Black and white hone - 3.131I
Rhombic or Iceland cryftal - 2.7151
Pyramidal calcareous {par - 2.7302
Oriental or white antique alabafter 2.7141
Green Campan marble - 2.7417
Red Campan marble - 2.7242
White Carara marble - 2.7168
White Parian marble - 2.8376
Various kinks of Calcareous ftones) from 1.3864

ufed in France for building to 2.3902

Ore of Uranium - - 4.5000
Heavy fpar - - 4.4300
Strontitic fpar - - 3.7260
3.6500

White fluor - - 3.1555
Red ditto - - 3.191I
Green ditto - - 3.1817

- T"ueditte - - 3.1688

Violet
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"~ Flintglas - . - " 3:3293
Borax glafs - . 2.6070
Seves porcelain - - 2.1457
Limoges ditto - - 2.3410
China ditto - - 2.3847

. Native fulphur - - 2.0332
Melted fulphur - - 1.9907
Phofphorus - - 1.7140
Hard peat - - 1.3200
Ambergreafe - - T %9263
Yellow tranfparent amber - 1.0780

§ 5. Liquids.

Diftilled water - -  1.0000
Rain water - - 1.0000
Filtered water of the Seine - 1.00015
Arcueil water - - 1.00046
Avray water - - 1.00043
Sea water - - 1.0263
Water of the Dead Sea =~ - 1.2403
. Burgundy wine - - 9915
Bourdeaux ditto - - 9939
Malmfey Madeira - - 1.0382
Red beer - - 1.0338
White ditto - - 1.0231
Cyder - - - 1.0181
Highly rectified alkohol - 8203
Common {pirits of wine - 8371

Oo Alkohol

. -
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Acetic ditto - - ¥ 7.0626
Formic ditto - - - 9942
Solution of cauftic ammoniac, or vola- - .

tile alkali fluor . - . - »8970
Effentia] or volatile oil of turpentine 8697
Liquid turpentine - - © 9910
Volatile oil of lavender - 8938
Volatile oil of cloves - 1.0363
Volatile oil of cinnamon - © 1.0439
Oil of olives - - 9153
Qil of {fweet almonds - - -l .9170
Lintfeed oil - S et -0403:
Oil of poppy feed - w9288
Oil of beech maft - - - " .9176
Whale oil - - 9233
Womans milk - - . '1.0203
Mares milk - - ' 10346
Afs milk - - 1.0355
Goats milk -~ - - . 10341
Ewe milk - - 1.0409
Cows milk. - - - " . 1.0324
Cow whey - - 1.0193
Human urine - - 1.0106

§ 6. Refins and Gums.

Common yéllow or white rofin 1.052%
Arcanfon. - - 1:0857

Oo2. - -+ " Galipot
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.Ivy gum* - - '1.2048
‘Gamboge - - 1.2216
Euphorbium - s - - 1.1244
Olibanum - - - . L1732
Myrrh - - - 1.3600
‘Bdellium - - : © 1.3719
Aleppo Scamony - - - .+ 1.2354
Smyrna ditto - - . 12743
Galbanum - - 1.2120
Affafcetida - - - 1.3275
Sarcocolla - .- .1:2684
Qpoponax - - 1.6226
Cherry-tree gum - - 1.4817
Gum Arabic - - 1.4523
Tragacanth - - 1.3161
Bafora gum - - 1.4346
Acajou gum + - .- 1.4456
Monbain gum } - - 1.4206
Infpiffated juice of liquorice - 1228
' Acacia -  1.5153

' — Areca - '1.4573
Terra Japonica - - 13980
Hepatic aloes - - i.3586
Socotrine aloes < - - 1.3795
Infpiffated juice of St John’s wort 1.5263
Oa3 " Opium

® Extra@ed in Perfia and the warm countries from He-
dera terreftris.~Bomare.

+ From a Brafilian tree of this name.—Z5:id.
1 From a tree of this name.—15:4.
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Male fir - - .5590
Female ditto, - ; -~ - 4980
Poplar - .3830
White Spanith dltto L - -~ . .5204
Apple tree e o om .7930
Pear tree e = ... <6010
Quince tree = Sgee= ... . 7950
Medlar - - .9440
Plambtree © -, -, . .75
O'I'xve wood | ' 7 1~
Cherry tree - e gs0
Filbert tree . ¢ - LY T .6ooo
Frenchbox  ~ - 0 iU Lonio
Diyich ditto b - L 3280
Dutch yew SR S 1:1:15
Spanifh ditto "~ - = 8070
Spanith cyprefs S A PR
American cedar | - - .5608
Pomegranate tree - - 1.3340
Spanifh mulberry tree C- T T T 8gy0
Lignum vitez . - . = - | 1.3330
Orangetree - = ' -, .7050

Qo4 "~ No.

Note.~The numbers in the above Tabl"é, if the-Decimal
point be carried thice figures farther to the right hand,
nearly exprefs the abfolute weight of an Englith cube foot
each fubﬁance in averdupof® ounces. See No.IX. of
the ‘\ppendlx.-—T S
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cubic foot of water weighs, at the above tem-
perature, exaétly 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 Trdy. grainy may be found by mul-
tiplying their fpecific gravity by either. of the
above numbers refpectively. S

By Everard’s experiment, and the proportions
.of the Englifh and French Foot, as eftablithed
by the Royal Society and French Academy of
Sciences, the following numbers are afcertain-
ed.

Paris grains in a Paris cube foot of

water - - =0645511
Englith grains in a Paris cube foot

of water - - =529922
Paris grains in an Englith cube foot-

of water - - =533247
Englifh grains in an Englith cube

foot of water - - =437489.4
Englith grains in an Englith cube

inch of water - - =253.175

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 - - = 641666

Thefe
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No X.

TasLes for Converting QOunces, Drams, and
Grains, Troy, inta Decimals of the Troy Pound
of 12 Ounces, and for Converting Dmmal: of
the Pound Troy. into Ounces, &c.

f. For Graim.

Grains == Pound. ' Grains = Pound.
1 .0001736" - 100 0173611
2 0003472 200 .0374222
3 0005208 300 0520833
4 0006944 " 460 0.604444
5 0008681 500 0868055
6  .oo10417 " 600" '.1041666
7  .c0I%i53 700  .1215277
8 .013889° 800  .1388888
9 .015625 goo  .1562499
10 .co1#36r - 1000 “ .17361I0
20 0034722 =~ 2000 «3472220
30 .coséos 3 - 3000 .5208330
40 .0069'4'44' ~ 7 4000 6944440
50  .0086806  s5coo  .8680550
6o 0104167 6ooo  1.0418660
70 0121528 =~ 7000 ' 1.2152770
o 138889 ~°° 8oco 1.3888880

go .0156250 goco  1.5624990
. 1I1.
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-IV.\ Decimals of the Pound inte Ounces, 'éo;c. |

Tentb parts. _
lib.=  o=. dr. gr.
0.1 r 1 36
Q.2 2 3 12
.3 3 4 48
0.4 4 6 24
0.5 6 o o
0.6 7 1 36
0.7 8 3 12
o.8 9 4 48
0.9 - 10 6 24

Hundredth parts.
.01 ° o 57,6
0.02 © I 552
0.03 0 2 528
0.04 0 3 50.4
0.05 o 4 480
©.06 o 5 456
0.07 o 6 432
0.08 O 7 40.8
0.09 . o 8 384

Thoufandths.

o.00I o o 5§46
0.002 © o ILj52
c.co3 o o 17.28
£.604 o o 23.04
0.005 o o 28.80

Thoufandth:s.

Iih, == &rs.

0.006 34-5
. 0,007 40.32
0.008 46.08
0.009 51.84
Ten thoufandth parts.
0.0001 0.576
0.0002 1.152
0.0003 - 1.728
0.0004 ~  2.304
©.0005 2.880
0.0006  3.456
0.0007 4.032
0.0008 ~  4.608
0.0009 5.184
‘" Hundred thoufandth

Darts, '

0.00001 0.05%
0.0Q002 0.11§
0.00003 0.173
0.00004 0.230
©0.00005 0.288
0.00006 0,346
©.00007 0.403
0.0co08 0.461
0.00009 o.518

No.



www.libtool.com.cn



APRPENDIX. 5ot

No. XII. ADDITIONAL.
TA.BLE of the Comparative Heats of differemt Bodn:, as

afcertained by Crawjorl.‘
Hydrogen gas - - 33,4900
Oxygen gas .- - 4-7499
Atmofpheric air - - 1.7900
Stcam or aqueous vapougy et L. 1.5500
Carbonicacid gas =~ | - - . 1.0454
Arterial blood - ’ - 1.0300
Water - - 1.0000
Cows milk - - 9999
Venous blood - ’ - .8928
Azotic gas - - #7936
Hide of an ox with the hair - - . %0
Lungs of a fheep - - -7690
Mufcular fleth of an ox 4 - ' - +7400
Alkohol - - s6oar
Rice - - .§060
Horfe beans - - .§020
Spermaceti oil - - +5000
Fruit of the pine tree - ) - 5000
Peafe . T . 4920
Wheat - - 4770
Barley - - 4210
QOats ' - .- .416a
Sulphuric acid - . , 4290
Pitcoal - - : 2771
Charcoal - - ) 631
Chalk - - 2 564
Rutt of iron - - .2500
Wathed diaphoretic Antimony - - - - 2272
Oxyd of copper nearly fnced from air . 2272
Quicklime - - .2229
Cinders - . 1923
Afhes of Pitcoal - - 1855
Rutt of iron nearly freed from air - . 1666
Wafhed diaphoretic Antimony Do. - 1666
Afhes of elm wood - - .1402
Oxyd of Zinc nearly freed from air - -1369
Iron - ’ - 1269
Brafs - - ‘1123
Copper . - Az

White
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