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T PREFACE,

| THE boolk \;vhlch 15 here offered to the pub-

lic in Englith drefs, is an abfiraét made by the

“late celebrated Dr. Gren himfelf, in the year

1796, from his Syflem of Chanifiry, Ilalle, -
1794, in 4 vols. 8vo. the moft complete and
{yftematical work ever publifhed on this {ci-
ence.—It was not deflined, as he fays himfclf

" in his Preface, to be a mere Jheleton of that

larger work, but to be wfeful without it, and to

form @ complete introduction to Chemifiry.—

Hence all the principal experiments have been
circumftantially deferibed, and all the funda-
mental and leading principles properly” ex-

Plained.

. WrTHouT anticipating the opinion of the

public, or encroaching upon the department

of the fober Critic, it may be faid that this
book,fmall as it is, embraces the whole of this

.fc:cnce in the moft fyftematical order, pro-

» a (TR ceeding



i PREFACE.

ceeding from the firft notions, ftep by ftep, to
the mofl complicated doétrines, and arranged
with the greateft clearnefs and precifion.—-
Some parts, however, of the vegez‘“able and
animal kingdom, more interefting to the Phys=
fician than the public at large, have been -
: J‘il'the;'-mortly treated of; but they have been
exf;lained‘ in a very ample and mafterly man-
- ner in the fecond volume of bis. Syftem of
Chemiftry.—Befides, the Author declares, that
his chicf attention, in writing it, was beftowed
on the practical ufe and application of Che-
miftry.  For this reafon he has introduced a
number of valuable matters relating to p/’zm-
macy, arts, menufactures, and the operations of
common life; fuch as the making of gluf,
pottery, enamelling, making of  fugar,. flarch,
_art of dyeing, bleaching, making of wines, brandys
* beer, wvinegar, baking of bread, prodzurzon oJr
mt;e, njﬁnmﬂ meta[s, &c.

Tb thofe, who for the firlt time ftudy this
fcience, it is immaterial to {tate what new dif~
coveries they may eﬁpe&'ﬁ'om this work ;
befides that it would require too long a de-
tail.  But the expertenced Chemift, who ho-
nours it with a perufa], will readily find.a num- -
ber of new lights, hints, and improvements,

o : modefily



PREFACE: it
miodeftly propofed, without the leaft affected
thew of novelty.

I+ femains to be obferved in this place, that
Dr. Gren, at the time of writing this work,
Thad renounced the Atomiftical Syfiem of Na-
tural _Philofbph_y, which in latter times has
been extended to great fubtleties by Le Sage
and De Luc; and that, in its fiead, he has
adopted the Dynamic Syflem, illuftrated by
Kant in his Metaphyfical Elements of Natural
Philofophy. — According to the former, 11t
matter fills its /pace merely by its exiflence ;
odly, it is abfolutely impenetrable; 3dly, its
divifion can be carried to.a certain length only;
ending in afoms, which;, though extended; are
not farther divifible; 4thly, there are empty
interflices between the atoms: 5thly; the par-
ticles of elaftic fluids, as air, vapours; caloric;
&c. do not touch each other, 4nd confequently
they form what is called difcrete fluidss 6thly,
" the rarity or denfity of a body depends folely
on the quant:ty of empty interftices in a cer=
tain volume of {pace occupied by the matter
conftituting® that body:—On the other hand,
according to the Dynamic Syfiem, matter fills
its fpace by its primitive powers of atiraction and
repulfion; its impenetrability is only relative;
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“it is divifible in infinitiom 5 it fills its fpace asa
continuum, or with continuity, fo that the‘ob-
Jective vacuum is a mere imaginary bemg, con-
fequently there are no diferete fluids, and even
the particles of caloric and light ferm a con=
- tinuum; laftly, the greater or lefs denfity of a
body is only ‘an exprefsion indicating the
greater or lefs intenfity” of the primitive, aitrac-
tive, and repulfive powers; which conflitute the
“nature of matter, and which muft decreafe
together with the extenfion of a certain body,
according to certain laws; and therefore matter
is fuppofed, even at the greateft rarity or leaft -
denIltV, to fill its fpace w rth continuity.

Frow thcfc tenets of thc dynamic do&trine,

- the exprefsions continuum, continuity, difcrete

Jluids, &c. not ufed in this country in that

{enfe, occur in the earlier part of the i)refent

book, which the Tranflator could not fuprprcfs
without altering the fenfe of the text.

~ BEsiDES, it is well known, that, in the Sy/~
tem of Chemifiry quoted above, the Author
did not fo much adhere to the old phiogifiic
Jyflem, as was oLje&Ld by fomc, ‘but rather
" that he has framed a fyftemt of his own, which
he called ecclectic (mentioned in this work, §
X, Introd. ) though he there explains every.
] phcnomcnon,

&
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phenemenon, not only according. to his own
doétrine, but alfo hiflorically, according to that
of both the phlogifiian and anti—jjlzlbgiﬁia?z phi-
_lofophers—To that ecclectic fyftem the Author
adhered to his death; but the reader’ is re-
quefted to obferve, that in the prefent work

Dr. Gren has merely ftated the grounds of"

his favourite chemical creed, and cdn.tinued
thrqﬁghout the reft to explain all the phe-
nomena treated of according to the modern
ANTI-PHLOGISTIC SYSEEM in the firiéteft
fenfe.—Confult § 213.

Trus far concerning the original.  The
Tranflator will now ftate what he has done in
the prefent publication. ;

I. HE has endeavoured to give the meaning

of the text as clofely, faithfully, and literally,

-as the nature of the two languages would allow.
He has taken no liberties with his Author;

only, in a very few places, he thought proper

-to transfer a line or two from the Author’s own
larger book, or in notes, befidesa few of his

own, marked Zd.—He has alfo ftudioufly re-.

tained the references in the §§, or rather in-
creafed their number, in order to afsift the re-
colleétion of the reader. -

: ta 4 II, SiNCE
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IL. Sinee the German publication of this
work, fome valuable difcoveries have been
made in the fcience. All of them do not come
within the compafs of an elementary treatife.
Such as may have been occafionally added ™
. 1n notes, diftinguithed by Ed. from thofe of
the Author. The new earth, glucine, or ra-
ther gl Jc.e'nc, the two new: metals, tellurium,
- or {ylvanite, and chrome, have been added in
the text in their proper places.

II. WrtH regard to terminology, the Tran-
flator has made ufe of the new Nomenclature, as
propofed by the French Chemifts, and tran-
flated into Englifh, under the title, Method of
Clemical Nomenclature, propofed by De Morveau,
Lavoifier, Berthollet, and ZL'ourcroy. Tranflated -
by James St. John, M.D. 8vo. London, 1788.
—Well aware of fome inaccuracies obfervable
in that Nomenclature, and of the improve-
ments that might be made in it, he thoucrht

it more reafonable to keep, as it were, to a
certain fandard, now almoft generally adopt— :
ed, than to fall into the hﬂuomble mania of
fabricating or adopting new terms. - For if we
go on, as fome of the learned i m this and other

countries do, there is ‘great dangex that, after -

ten years, no Chemift will underftand ano-
ther—
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‘ther.—If the Tranflator’s orthography fhould
- be objected to, although he is able to defend
it againft all cavils, he is far from entcring
_ into any grammatical difcufsion. Surely,
lofing time about words is not the way of
improving any {cience! ;

BY_tlais,'hawever, it is not meant to pre-
clude the farther improvement of the new
Nomenclature, of which it is certainly ca-
pabic ; but, inftead of adopting directly new-
framed terms in books, let them be fairly
propofed, as Dr. Pearfon has done, fupported
by proper reafons, wherever opportunity pre-
fents itfelf; and when a fufficient number of
facts, difcoveries, and arguments for that pur-
pofe are collected, it will then be time to
offer to the chemical public a corrected Nomen-
clature for their approbation.

By way of example, Dr. Gren him{clf has
in this work propofed and ufed the terms
muriafous inftead of muriatic, and muriatic in-
ftead - of oxygenated muriatic acid, by fair
analogy from fulphureous and fulphuric, nitrous
and nifric acids, &ec. becaufe what is now,
- called muriatic is not a perfe&, 'but only an
imperfeét acid, § 534 ; while, on the other

; ! hand,



. viil PREFACE.

hand, the oxygemated muriatic is the perfeét
acid of that kind, § 567.  In confequence of
. this, by the fame analogy, he ufes muriatous
pot-afl, muriatous foda, &c. inftead of muriat .
of pot-ath, of foda, &c. and muriat of pot=
afh, &c. inftead of oxygenated muriat of pot-
ath now employed.—Certainly the terms ory-
genated muriatic, or oxy-muriaiic acid, are not .
very fuccefsfully contrived, are long, and im-
ply a tautology. The firft fignifies only acidified
muriatic acid, and the other acid muriatic acid.

ANoTHER ‘inftaince—Dbefides many others
occafionally mentioned in the book—the me-
tallic oxyds, according to §§ 1220—27, thould

_not be called fulphat, nitrat, muriat of won,
copper, tin, &c. but fulphated, nitrated, muriated
oryd of iron, copper, tin, &c.—All thefe im-
provements, however, have been only pointed
out by the Tranflator; and the modern No-
menclature, hitherto in ufe, has been preferred,
inorder to prevent being mifunderftood.

FEARING to be found guilty of having him-
felf “trefpaffed the rules juft before recom-

. mended, the Tranflator begs leave to obferve,
that according to his Author’s own literal ex- "
prefsions, he has introduced the words mingled
: . Y . inftead
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inftead ‘of the complex terms mechanically
united, and mived inftead of chemically com-
bined ; as-alfo liquid fluids, to preferve the
generic word fluid, and to diftinguith them
from another fpecies, called elaflic. . Several
more of that kind are here omitted for the
fake of brevity. But, befides that thofe terms
have been f{ufficiently defined, they are con-
ftantly ufed in the fame fenfe, and are more
precifé; hence, it is hoped, they will be to-
lerated by men who know how to eftimate pre-
gifion ‘and brevity of ‘language in a fcientific
book, where fimplicity is as much required as
equivocation of terms to be avoided. The
words ozygen, hydrogen, azot, carbonic acid, &c.
were not long fince offenfive to many indi-
viduals, but are now generally accepted.
TeerE alfo does not appear” any reafon for
difregarding popular exprefsions, when they
convey to the mind any proper idea clearly
and diftinély, fuch as glowing, glow-heat, &c.
literally tranflated from the Author, which
certainly are lefs eqﬁivocal and more diftin&
than ignition, ignited, &c. fince a body may
- be ighited to a high degree without reaching
. even that of a low red-heat. However, thefe
and many others the Tranflator-did not dare
% - - S5 ' to
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to employ; and at this opportunity he begs
leave to fay, that he has fupprefied a number
of good‘ clear, and cnergetic exprefsions, to
- avoid giving offence to the delicate ear of the
over-chafte Critic.

- OvE word more on this head. The reader
will obferve, that at the beginning of the work,
the ancient terminology has been ufed; but,
after every particular fubftance and its con=
ftituent parts had been’ explained, its name
has been given zfccord'mg to the new Nomen-~
clature, and then for fome time both have been
promifeuoufly ufed; however, fo, that towards
the latter part, the preference has almoft al-
- ways been given to the new Nomenclature.—
This has been purpofely obferved by the Au-
thor himfelf, but rather more fo by tlie Tran-
flator; and thereafon of it is, that in common
life, even among the Druggiits, the old names
of the various fubftances and preparata are
better known than the new ones, and that the
reader may gradually, and without any trou-
ble, become acquainted with both Nomen-
clatures. 4

For a fimilar mbtive; the Latin names, in-
ferted by the Author in blackcts, though they
# feem
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feem ufelels in an Englith tranﬁatlon, have
not been always crafed, for the fake of thofe
who, acquainted only with the new ftyle,
may, after fome time, turn their attention to
the works of former Chemifts moftly wntten
in that language, and fome of which are fiill
valuabie on many accounts.

1V. TuE German ongmal having been writ-
ten to be commented on in public leétures,
where the chemical apparatus is exhibited in
making the experiments, had no Plates. RBut
as the fubjeét of this work has been treated
and explained by Dr. Gren {o clearly; and in
fo ealy a manner, that any common under-
ftanding may be fufficiently initiated in this
{cience without much farther afsiftance, the
Publithers went liberally, hand in hand, with
the withes of the Tranflator, to gratify the
Amateur, and-had feven Plates engraved by
the *mafterly hand - of Lowry.—The fir/# fix
reprefent the moft neceffary and ufeful cle-
mical infiruments, and belong to the firft vo-
. lume: a feventh was added to the {econd, ex-
hibiting a fufficient number of {pecimens of
the new chémical -fymbols, progrefsively from
the primitive and fimple to the com-~
pounded,. ¥ :
' T RS V. AFTER
< -
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V. ArtER the clofe of the book, the Tran-
flator made free to offer, it the 4 ppendivy dif-
tinguifhed from the main work by different
types, fome matters, which he hopes will be
acceptable to the reader. , They rclate to the
Tables of Affinities, the new Chemical Symbols, -
the fpecific and abfolute Gravity of - Bodies, the
comparifon of Farenheit’s with- Reaumur’s”
Thermometer, of the former French Meafures
and WWeights, and of the prefent Meire, Litres,
and Grammes, recently adopted in France for
meafures and Weights: w'_xti*x the Engliih.—';_
Laftly; a fmall Chemical Library was added.—
He flatters himfelf the reafons for doing fo,
alleged unider each of*thefe heads, will be
Aufficient to excufe him for thus intruding
upon the public.

NoruING has' been faid in particular on
the new Chemical Nomenclature, becaufe the
Author himfelf has fufficiently explained it in
the courfe of the work; and the reader will
be much better informed by refeiring to Dr.
Pearfon’s T ranﬂaiion of the Table of Chemical :
Nomenclature propofed by Guyton, Lavoifier, &c.
2d Edit. sLond 1799. 4to.

VI. FINALLY,

-
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VI. FINALLY, it-may feem rather ftrange

to meet with fo large an Index at the end of
- fo fmall a book; but it was made to anfwer
two purpofes.—Firft, it fhould bé as complete
as pofsible, to afsift the memory, and to fa-
cilitate the. finding of any fubject treated of
in the WOIL.——Secondly, it was intended to
ferve in lieu of a compendious Dictionary of

both the old® and new Nomenclature; the.

former, as mentioned: before, being fiill moft
known' in common life, and the latter only
among the leafned. * The Tranflator hasmany
times witneflfed an article being afked for im
the new ftyle, and the fhopman not being
able to comprehend what was meant; while,
on the other hand, the pupil of modern Che-
miftry, unacquainted with the old name of

the {ubftance, was unable to cxphm what he
wanted.

Tuis -inconvenience is eafily remedied by
an Index of that kind.—Suiphat of magnefia
1s wanted, for inftance: by referring to Vol. I.
p- 283, quoted in- the Index, its fynonymous
term, Ispfom-jult, is found. Or, on the con-
trary, fartar emetic is prefcribed by the Phy-
Aician, by referring to Vol. IL. p. 390, again
: quoted in the Indc*<, it is found to be the
antimoniated

L]
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antimoniated tartrite of pot-afh.  For this very
reafon the London College of Plyficians have

prudently “accompanied their -Pharmacopeia
with a double index.—Itis on account of thefe

- circumftances that the Index has turned out

_rather more copious than might be'thought,.
neceffary. - ' X

SoME inaccuracies have, no - doubt, un-
wiilingly efcaped the induftry of the Tran-
flator. Thefe, and fome typograpbical er-
rors, not noticed in due time, the candid
reader is requefted kindly to forgive. £

THE TRANSLATOR,
LoxpoN,. :
¥5 February, 1800
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INTRODUCTION.

I

CHEMIS_TRY (Chemia) teaches us the recipro-
cal actions of natural fimple fubftances, the com-
pofition of bodies from them according to their pro-
portions, and likewife the manner of feparating or

combining them again to compound new bodigs.
: R
Synonyma: Spagiric Arts Hermetic drt, Pyrotechny.

- Chemifiry 18 confidered as a Seience, andas an Arr.
1L

Chemiftry is_therefore a part of Natural Phi-
lofophy. 1Its objets are all the beings of the fenfible
world ; its bafis is Ezperience, from which‘by regu-
lar conclufions it deduces the Theory, which con-
- neds the facts to form a fcientific fyftem. Its pur-
pofe is not merely to confider the nature and mix-
ture of bodies, but alfo to make them ufeful to our
wants by means of fuitable operations,

VOL My ~iv A ‘ The
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The particular_ufe made of chemiftry as an arf,
has given rife to various appellations, as Halurgy or
Halotechny, Lithurgy, Hyalurgy, Phlogurgy, 2y-
motechny, Metullurgy, Docimafy, or Artqf Ajay- .
ing metals, and metallic ores.

Alchemy has nothing in common with our fci-
ence, but the fimilarity of name. It is indeed the
mother of Chemiftry, but it is not the fault of the
daughter, if her mother is abfurd. -

III.

%

Chemiftry, confidered as a f{cientific {yftem, bad
its beginning only in medern times. The difcovery of
faéts on which Chemiftry is grounded, is the mere
- work of the fenfes ; and it is no wonder that ages
could pafs, before either by accident or neceffity,
attention was paid to fome of thofe facts; and fuill
more {o, before fo many of them were collected, as
could furnith the bafis of a fcientific fyftem.

The' neceflities of even the firft inhabitants of
the globe, could nbg' but force them to attempt
various alterations with certain bodies to fatisfy
thofe wants; and thefe muft have naturally been
augmcnted, in proportion as, by the increafe of
nations on confined territories, the means of fubfift-
ence were rendered difficult, and the manners of
living multiplied. The fatisfying of thele wants ab-
{olutely prefuppofes various chemical ‘operations in
the alteration of the mixture of bodics. Baking of -

5 - s ' © bread,
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bread, cafting of iron, making of wine, &c. are
tme chemical operatmm Yet the chemical ope-
ratjons, rendered necaffaiiy by thefe wants, how
various f&mx tﬁey may have been emmth ‘the na-
tions of remotc antiquity, and were really o accord-
ing to the remaining dates and monuments of hif-
tory, refted all, no do__ub‘t, on a mere empirical
' pra@:lce :

Thus alfo was the Chemiftry of the Egyptians,
which in the hiftory of fciences in general, and that
of Chemiftry in particular, is élways firft mentioned,
nothing elfe, in fa&, than an imperfe@ art, a mere
pratice of certain chemical operations, as is perhaps
at prefent the cafe with the Chinefe, and with
our .common artificers. No doubt the Egyptians
were, before other nations of high antiquity, ac-
quainted with a great number of fuch experiments,
and pra&ifing fuch operations, as may be called
chemical. Their country has undoubtedly, in the
courfe of time, given birth to the name Chemia.

But it was chiefly the Chnftian Myitics, and
the New-Platonics, that occafioned the high opinion
of the chemical knowledge of the Egyptians; and
the propenfity of man to the wondetful and myferi-
‘ous, has given currency to this belief. Several al-
chemical writings, that were attributed to fome re-
‘markable perfons of the higheft antiquity, as to
Hermes, are {purious productions of thofe New-
Platonics. ‘

L

Plutarch

i“,b ;
>
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Plutarch fays (Ifis et Oﬁns, pag;,;éq, (6 )m iy Avywr'iov &
Toie y.a?ura/ f.esm'yysm owau, wo‘vreg T pce?ww -rou uq:Sa?tynu,
XHMEIA xaroizs. Praterea Egyptum, quz vel maxime
‘nigram habet terram, ta.nquam mgram oculi partem,
Chemia vocant. In the Pfalms (cv) Egypt is called
Terra Chami.

Chemia fignifies therefore, according to the original fenfe,
the black of the ¢y but alfo the hidden or Jeeret lias
been hieroglyphically fignified by this word, asin the
Arabic, according to Bochart, ynpd fignifies occaltare.
In latter times only, when among the Newv-Platonics,
the phantoms of Tkesfophy, Magic, and Alchemy, occu-

~ pied the authors, the term Chemia was made ufe of to
fignify the Science of Nature, or rather Magic (dduzze-
Ny’ miiluy Tow v Ghoewe Tpywy). according to- Zofinius Pa-
nopolita, quoted by Borrichius (De ortu et progr. che-
miz, p. 12.) and efpecially the art.of making gold and
filver (ppnpéiee % w0l ceylesvs e xebzoy sellowery actord-
ing to Suidas). Before the New-Platonics, this word
is never mentioned under fuch fignification, neither
by the Greeks nor by the Romans. Fulius Maternus

. Firmicus, who lived in the age of Conflantine the Great,
is the firft author among the New-Platonics, where
the word _dlchemy appears, and of which he makes
mention -as of a very well known art. He fays
(L iii. Mathefeos, c. 15.) < 8i fuerit hae domus Mer-
< curii, dabit Affronomiams fi Veneris, cantilenas et lez-

< titiams fi Martis, opus avmorum et inflrumentorum ; £
€ 7;7-'01:, diwinum cult::m, ﬁre;ztmmgue in Iege 5 Ji Saturni,
j'“ Sc1ermam Alchemwe

TR

x

The probfcm of making gold and filver. by art,
took its origin only among thc New-Platonic fect of
: philo-

-~
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philofophy, and the name of this pretended art ap-
peared, for the firft time, in the fourth century after
Chrift. Engaged by this, the pretended inveftiga-
tors of nature foon loft ﬁg}lt cﬁ’ all other objecs ; the
transformation of metals was the only central pomt
round which the then cherifts, if we may call them
fo; were revolving 3 their writings beeame obfcure
and full of myfteries, and for that very reafon, even.
in fuch phenomena. as they have occafionally ob-
ferved, of no ufe in the true Cheml&r}, which in-
: quzres into nature.

To thefe authors belong fambl:clms and Heliodo-
rus (in-1Vth Cent.) Zofimus Panopolzta, Synefies
and Olympiodorus (in Vth Cent.) Stephanus Alex-
andrinus (in VIIth) Michael Pfellus in the XIth
Cent. . ' : : :

SV
. After the Sciences had been opprefled in the
" Weft, by barbarity, the Arabians proved to be
their cultivators, and inherited from the latter
Greeks the paffion for alchemy ; their inclination to
the marvellous made them the moft zealous pro-
moters of every branch of Theofophy. It is in their
writings, we find firft the application of alchemical
operations to the preparing of medicines, and {everal
chemicully prepared medicaments, {o that we are
entitled to trace from the “Arabs the origin of Medi-
cinal Chemijiry. —  ~ :

A 3 : Geber
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Geber or Dfehafar (born 702,d.%965) Rhazes, or
pi'opérly Muhammed Ebn Sacharjah Abu Bekr Al-
- Rafi (in the Xth Cent.) s Avicenna, or 4l Huyfjain
Abu Ali Ben Abdallah Ebn. Sina (born 978, d.
1036) ; Mefne, the younger (died 1028), are among
the Arabian chemifts, =

"N,

When in the thirteenth Century the Chriftians
in. the Weft began again by degrees to pay more
attention to Chemiftry, there were then no other
Chemifts to be found, than the operative Alche-
mifts; and the Philofophers-ftone was - the whole
aim of their endeavours, notwithftanding the en-
couragements which the ftudy of nature. had. re-
ceived, -and the increafe’ of knowledge which the
greater communication between nations by means of
commerce and navigation had procured.—The fcho-
laftic {yftem prevailing in ‘philofophy was unable to
improve the phyfics and-_‘cbemift'ry,' learnt from the
Arabs, or to cultivate them with the proper method,
by experimental inveftigation of bedics.

We fhould, however, not be too ungrateful to-

- wards this middle age, as it is called, nor judge of the
fum as well'as of the value'of its practical and truly l
ufefut knowledge by the rubbith and nonfenfe of its
fpeculative learning, :

The practical lfno“ledge, which conﬂltutes the
true ground-work of all fcience of nature, had ne-

: verthelefs
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- verthelefs very conﬁderably‘adva‘riced the- pro-
. grefs of trades, arts, and manufactures, was
ﬁlently and imperceptibly enlarged and perfected ;
“and, in fhort, the moft important chemical opera-
tions, whlch would never have been difcovered by
the learned fpeculators, either of thofe or_of our
times, and which are the bafis of all our Chemiftry,
were practifed in all the various branches of human
mdu{’cry :

" Confequently the fatts belonging to Chemiftry
were already exiftent in thofe times, called barbarous
of the ‘middle age; but Chemiftry itfelf was not.
The contempt and indifference, wherein the artifi-
.cers and tradefmen of thofe times were held by -the
learned fpéculatofs, as is partly the cafe at prefent,
have left thefe laft in ignorance of a number of fadts,
whereon the fyftem of Chemiftry was erected in a
_ {fubfequent age. '

Why the inventors of ‘thc moft important and
ufeful difcoveries, as well as the time of their dif-
covery, are thoroughly unknown, may be accounted
for by the very-gradual - progrefs of practical know-
ledge in the feveral profeflions .and-trades, by the
merely verbal inftru&ions in the teaching of them.
and by the want of authors among the tradefmen
and artifts.  Of the chemical writers of that period
there are certainly fome, that were acquamted with
a great variety of fafs belonging to phyfical Che-
mifiry, yet there were none quite free from the mad-
nefs of Alchemy, and all the reft of their. perform-

VoA 4 ances
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ances were rendered obfcure by the 'db{’cacle‘s,_whic_h'
their alchemical labotrs oppofed to true Chemiftry.
Albert. von Bollftaedt (born 1193, &. 1280) Roger
Bacon (born ii‘14, d. 1294) Raimund. Lullius (born
1235, d. 1315) Alnold. of Villanova (born 1250, d.
-1313) Jfaac Holland, and the pfeudonymous Bafilius
Valentinus, belong to the authors of this age. -

e

VL

In the ﬁfteenth century, phllo{'ophy was greatly
enlightened by the ftudy of the originals of ancient
Greek learning, and thefe advances received befides -
from the then invented art of printing a very power-
ful {upport, and an uncommon facility of being pro-
pagated. Many learned men of better underftand-
ing began then to difpofle(s the /cholaffic philofophy
of its credit, to difperfe more effectually the clouds -
of {uperflition, and to tread the paths- of cxper:—
miental inquiry into nature.-

Many particular chemical arts and operatlons had
even then advanced -to a high degree of perfe@ion,
of which the defcnptwﬁ of the metallurgic labours

_given by Geargc Agricola (born 1494, d. 1555)
may {erve as an inftasice. - Yet, noththf’candmg this,

the dlfgoven;s of many deferving men, in- other
branches of natural {cience, were not fo beneficial
to chemiftry as they might have been, In {pite of
the rapid and laudable progrefs of the former, af-
filted by the labours of Galilgo (born 1564, d. 1641)

John
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John Keppler (born 1371, d.1630) René des Cartes
(born 1596, d. 1650) Francis Bacon, of Verulam
(born 1560, d. 1626) Otto von Guericke (born 1602,
d. 1686) Evangelifta Torriceili (born 1608,d. 1647)
Robert Boyle {born «1626, d. 1691) and J/aac
“Newton (born 1642, d. 1727.) Chemiftry could
not then refcue itfelf from the Myftics and Alchemy.

The famous dureolus Philippus Paracelfus Theo-
phrafius Bombafius von Hohenheim (born 1493, d.
1541), who as to oftentation and lies has {urpaffed
all his predeceflors in E@chemy, and who to the
chimerical transformation of metals has added the
phantom of an univerfal medicine, ftill found imi-
tators and defenders ; though fome of them, of
-whom I mention only Jokn Baptif Van Helmont
{(bornm 1577, d. 1644) Rudolph. Glauber (who wrote
about the middle of the 149th century) and John
Kunkel von Loewenflern (born 1630) did, by their
particular labours and: difcoveries, a great deal of
ufeful fervice to genuine Chemiftry.

The beneficial influence -of the Patacelfians on
the difcovery, introduétion and preparation of a great
many very efficacicus medicines, and on laying the
foundation to a medicinal chemiftry; and -cﬁem[m[
pharmacy, ought -not<indeed to be H8ifregarded.
Two men, Father Athanafus Kircher (born 1599?
d. 1680) and the learned “Hermannus Conring
(born 1606, d. 1682) oppoﬁ:d Alchemy with much
glory and fuccefs.

VHI.
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"Till then no pains were taken to arrange a philo-
fophic fyftem, or to infer general theoretic princi-
ples, and fundamental, truths from the many chemi-
cal falts, difcovered partly by accident, partly by
neceflity, in the various trades, profefhons and arts,
or in “alchemical operations.  Chemiftry had not
then ‘exifted, but the fadts belonging to it had.
~ The cflablithing of a fcientific fyftem of phyfical
Chemiftry took place only in the latter half of the
feventeenth century. .

John Joachim Beccher (born 1633, (1 1680) laid
the firft and extenfive ground, upon which- George
Erneft Stahl (born 1660, d. 1734) continued to
raife the edifice, endeavouring to colle& tlie princi-
pal fadts,then known into a coherent {yftem, by con-
neéing them by means of general principles.  With
thefe men the new epocha of Chemiftry begins. -

From- that tu_:ne ‘the learned began to reduce
this fcience to more determinate principles and lan-
guage; they examined “the refults of cxperiments
with greater accuraey and feverity ; they confidered
henceforth Chemifiry as a branch of natural Plilp-
fophy, and enlatged thereby its horizon, formerly
fo much conﬁned“by Alchemifts ; they called the
affiftance of other kindred. fcu:nces to its improve-
ment; the myfterious language was more and more
fet afide, and Chemiftry was not only more philofo-

#e ~* phically
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phieally treated, but allo rendered more ufeful to
the community. :

By laying. the bafis of a rat:onal Chemlf’crv this
fcience was enriched with fadls,” one experiment-

fupported another, and an accidental difcovery led

to thofe ‘made by defign.. The concurrence of fe-
veral favourable circumfances animated the fpirit
of inquiry of many great'men ; their’ co-operating
induftry foon brought forth an‘aﬁgniﬁ}ing multi--
~tude of ‘new fafts, as alfo the knowledge of new,
t1ll then unknown {ubftances, and raifed the fcience
rapidly ‘to greater perfeGion. :

Among the number of men, who ﬁnce that pe-
riod have in the prefent century acquired to them-
“{elves lafting fame, by cultivating this fcience, 1 can
only fele¢t here the mo{‘t celebrated. As of the

GERMALS Fredenc Iloﬂ}nan, John Henry
Pott, Cafpar Neuwman, John FEred. Cartheufer,
John And:. Cramer, Chriftopher’ Ehregott Gellert,
John' George Model, John Gottlieb Lehmann,
Andr. Sigifm. Marggraf, John Fred. Meyer, John
Reinbold Spielmann, * John: Chriftoph. Polycarp.
Erxleben, Ignatius de Born, Charles Count de Sic-
kingen, Charles V\Tm :Sdzee!e, Charles Fred Wen-
Zel:X

-

= To thefe muI’c be added the learned Dr Gren, au\hor of 8

2 thc pre['ent book, deceafed on the z6th November, 1798 —
'Ed

Not
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Not to offend I mention none- of thc German
Chennﬁs now lmng

& The trauﬂatm malkes free to add ¢he names of Klgproth, who
and Vauguelin may be reckoned the beft ‘analyfts; and
befides Crell, Hermjlaedt, Guettling, Leonbard:, Wiegleb, Trom/-

- durf, W ﬂmmb Gmielin, Hagen, Taguin, Succows, W’ezgel Rich-

= ter, Scherers Gerﬁ&rd, Acbard,‘Lowz‘tz, .,&c.

.~ Dutcn: Herman. Boe; haave, Hleron Davxd
‘Gaubius, John Ingenhoufs, Van M ons. -
Frexcu: The two Geoffroys; Reaumur ; du'
Hamel du Monceaus Hellol, the two Rouelles,
Petr. Jos. Macquer, Baumé,. éace, & Areet, Guy-
ton de Morveau, Lavoifier, Berthollet,  Bofe.
d“Antic, Bayen, Monge, Fourcroy, Chaptal, Prieur
Adet, Hafenfratz, ,Segum, Vazfgue[m ,
Britisa: Stephen Hales, Wm. Lewis, ]os
Black, Henry Cavendifh, - Jos. Priefiley, Adair
Crawford, Richard Kirwan, Drs. Pearfon, Hig-
gins, Crichton, and Bancroft, Sir Charles Blagden,
Nicholfon, Halchet, etc.
SeantsH: Juan Jofeph and Faufte & Bt yar.,
Iravrans: John Ant. Scopoli, Felix Fontana,
Marfiglio Lana’nfmz, Tiber. (,auallo, Alex. Volta,
Lazaro Spallanzani. :
SwEeDES ¢ George B;a?z(lz, John Gottfch Walle-
rius, - Axel FI,C(]. von Cronfiedt, Swen Rinman, H.
T. Schefer, Henry Gakn, Torbern Bergman. -

IX
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“What principally conftituted the bafis of the
fyftem, fet up by Stakl (VHL.), were the pheno-
‘menawhich take place in combuftion ; or the difen-
gaging ofufire in combuftible bodies.—Stahl pre-
fuppofed in thefe the exiftence of a particular {ub-
ftance, which he called Phlogiflon, and which he.
confidered as' the principle of fire or combuflion.
It was by the affumption of this fubftance, -that the
principal tenets of Chemiftry were connected.

Stahl was utterly unacquainted with the influ-
ence of air on combuftion; yet on the further
progrefs in the knowledge of this influence, and on
the interefting and important difcoveries of gafes in
general, the former explanation could not but be
found infufficient, to put into mutual agreement all
the circumftances accompanying this phenomenon,
It was obferved, that in the combuftion of: bodies in
general, -as well asin the calcination of metals in par-
ticular, vital air difappears; and befides, that it may-
be re-produced, merely by making calcined mercury
red-hot, whereby-this laft is at the {fame time re-
vived in the metallic ftate.. And this difcovery
- furnifhed the firft reafon to doubt the exiftence of
Phiogifton, as the principle of fire in combuitible
bodigs and metals. s
: Lavoifier¥,
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Lavozf er *, whom I have already namcd (VIIL. )
among the French Chemifts of the prefent age, was
the author of “this great-and total revolution, in the
method of explanation till lately adopted in Che-
mifhy and founded on the Ziypothefisof phiogi{’céﬁ
He has eftablifthed a mew fyftem, which, as it denies
the exifterice of phlogiftan, is called the Antiphlogi/=
tic Syfiem; and which in combuftion does not plage
the principle of fire in the combuftible body itfelf,
but in the vital air, which is a neceffary requifite to
combuftion, which itfelf is thereby decompofed, and
whofe latent fire is difengaged, while the combwﬁlble
{fubftance abforbs its bafis.

* The hiftory of fcience, on recording his too early death, will
never fail to figmatize thofe revolutionary mutderers, who
caufed the head of this innocent man to drop, on the 7th of
May, 1794, under the axe of the guillotine.

However, what in ‘the records of Chemiftry will
give immortality to ZLavoifier’s name, is not fo
much this Antiplilog zﬂzcgfm or rejection of phlo-
gifton, jas the difcovery of faéts of the utthoft ini-
portance, whereupon his fyftem is ‘eftablithed ; or
‘whofe difcovery it occafioned.—The Sectarifi,
from whichit arofe, muft be ufcful to the fcience,
keep the {pirit ‘of inquiry more alive, and lead toa
feverer ferutiny of the col mluﬁons drawn from ex-
Vperiments

S Yet
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- ¥et whofoever examines the whole, impartially
and without predile&ion, will find that on adopting
the antiphlogiftic fyﬁem, there ftill remain chafms
m t‘he explanation of many phenomena, ‘and efpe-
ctaﬁy with regard to the extrication of light, (in
combuftion as well as without), 15 fixation, its
‘developement, and its changes. It is quite in vain to
deduce Ll.ight from a modification of caloric.—This
. expreflion, if it does mot involvea modifying caufc,
- means nothing at all. But if it be neceflary to

admit fuch a caufe, modifying the caloric {o as to

become light; and, if it may be alloweé_ to call
this caufe phlogifion, it is eafy to conceive, firlt
that it is poflible toreconcile the antiphlogiftic {yftem
with the adoption of phlogifton, and then that the

latter becomes even neceflary; in order to explain .
: fatisfa@orily all the circumftances of its various
phenomena. ; :

In the fequel I thall explain the fundamental prin-
ciples of this united fyftem, which might be called
Eclectic, as Well as thofe of the ftrictly antiphlogifiic

Ayftem. 3

X.

o

As a practical {cience, Chemiftry is founded on -
obfervations and experiments.  On this account, its
method of inftruion, to be ufeful, ought not to be
merely {peculative, but muft likewife offer: know-
ledge in matters of fact.—1I fhall endeavour to dif-

' play
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play the pnnc;ples 0£ Chcmlﬂ:ry taken in its ﬁﬂl
extent, to deliver them in a coherent order, and
to blend the theory with the experiments, Whereorx
it refts, or by which it is conﬁrmed

CHEMISTRY.
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 CHEMISTRY.

T

" CHAPTERL =~

Preliminary Matters,
Elements of Bodics.

§ I.

EXPERIENCE teaches, that fuch natural bodies 15
are the objects of our fenfations, are compofed of
- divers helerogencous parts, or of different kinds in

various proportions,’and this even when they appear
to be an homogencous total, or of the fame kind.

S
To feparate thefe heterogeneous fi mp e parts of
~bodies, or to combine them again in a different
way, and to learn what may be their mutual ations
into, and their proportions to one ‘another in thefe
com binations, is the purpofe of Chemiftry. -

§ 3 _

This chemical feparation of the heterogeneous
parts (partes diffimilares) of compound or mixed
bodies, we diftinguith from the mechanical Jepa-
mtwn of their homogeneous parts (partes Sfimi-
lares).  The homogencous parts refemble’ the

VOL. I, > e : whole
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whole, from thch th% are denved and differ from
it merely as to magnitude, but not as to their na-
ture. They are likewife called original, or primitive
maffes-(molecules ), and by fome, integrant part,c
The heterogeneous parts, on the contrary, are dif-
ferent in their properties, as well from one another,
as from the total,” whofe parts they are; yet in a
proper “combination, and in due proportions, they
produce a whole, which to wus appears to be homo-
geneous. In this refpect they are called principles,
confltuent parts (partes con ﬁztuentes} { ])artzcuées
by the French), and alfo mdzcals, if they be not
thcmfelves a compound.

Illufiration of this, by the examples of atmq/}éeric.fafr,'

glaﬁ, cinnabar, warter.

Sl ;

If heterogeneous parts are combined in fuch a
manner, that the whole prefents itfelf even as to its
minuteft parts in the thapé of an homogeneous body,
or that in the compound. they cannot be diftin-
guifhed from each other by our fenfes, the body
which they. thus form is called mived, or chemically
combined. _If the reverfe be the cafe; that is to fay,

if the body be made up by a mere appofition of dif-

tinguithable parts, it is called a mingled mafs, or
mechanically united.—This diftinction ought to be
carefully remembered. -

- Inflances of mingled éod:z;. The granite, par:p)bry, Hood

avbegten floyr.

Some-

g
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Sometimes the parts of a n‘hngled body' are not diflin-~

guifable: from each other by the naked eye, and fuch
~ would be apt to be miftaken for a mixed haj’, did not
other urcumﬁances thew the contrary.-

e

Hcterogeneous f'ubftances, _when merely min-

gled, or made up by mere appofition of parts,

preferve their former nature and qualities: on the

contrary, if they be mired, they then conftitute a

body with  properties totally dlﬁ'erent from thofe of
1ts Canhtuent parts.

Exmpla A mmglzd n;aﬁ of fulphur and calx of arfenic,

and their mixture, or yellow arfenic, which laft is a

chemical compound produced by fublimation.—A

mingled mafi of mineral alkali and filiceous fand, and
their mixture, or chemical combination, glafs.

Experiment : Blend or mingle accurately together, twe

. parts of fine white quartz-fand with three parts of
mineral alkali, that has loft its water of erpftallization.
“The mingled parts will f£ill exhibit their former na-
ture unchanged.—Melt them with the affitance of the
blow-pipe into a clear tranfparent glafs; the mineral
alkali will no longer fhew in this compound its tafte
nor its folubility in water.-

§ 6.
The combination of izeierode?zeom parts, fo as
to conftitute an homogeneous total, is called a che-
- mical combination, or fimply mirture, compofition
(Jynthefis) ; and the feparation of fuch parts is
-called decompo_f tion'( a?za{yf ts). - But if homogeneous
S0 2 , . pamts
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parts are only added together, the procefs is called
mechanical combination, or fimply aggregafwn, and
the produ@ has the name of aggregaie ; vice verfa,
if homogeneous parts are mechanically removed from
each other, the term /eparation, or alfo divifion of
the body is made ufe of.~ Thefe two laft operations
do not produce a new body, but a body of an aug-
~ mented or diminifhed mafs; fince then only in-
 tegrant parts (§ 3) are joined, or feparated.

v

§9=
If the éonflituent paits, obtained from a mized, :
or from a mingled body (§ 4) are fill a compound,
and did as fuch pre-exift in the body, and are not
altered by the feparation, they go by the name of
proxzimate conflituent parts (partes provime)s and -
the heterogeneous parts, of which they are com- -
pofed, have obtained the name of remote confti-
tuent parts (paries remote) of that body. ;
' Ewamples. A. OF Miked bodies. |
1. Common Pi@ywater.

3 . b ]
W ater, Carbonat of lime. ' _Gypfum.
;i e S Lt y
Cuvzen H}drogen Carbonic Acid.. Lime.  ‘Sulphuric Acid. . Lime.

f“'_A""ﬁ
Ozxygen. R,dxcalCarbun. Ougen Radical Sylphur.

Brandy

€5 G R B SI E
Alkohel. : ~ Water.

~ —— A ——y
Phiogifton: - Hydrogen, Radical Catbon. Oxygen. Oxygen. Hydiogen,

oF
Hadic ale of light,

B.-Gf
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B. : Of a M}zgk:ﬂ’ fmdy. : %

T TR Graﬂnev Ty

(= . . =
Feldfpar, . Qartz. g _Mica.

BEms A i et A A :
Silex. ‘Argil. Silex. ,!.rgu, : Asgil. Silex. Magaefia,

e § 8. :

The firft original {ubftances, of which bod:es'
confift; and wm,hh are not themfelves compounded
of heterogeneous parts, are: called elements; firft
principles, radicals. ~ Many {ubftances cannot be
farther decompofed by the chemift into conftituent
heterogeneous parts ; but this does not entitle us to
rank them among the clements. Though they are
as yet undecompofed, it does not follow that they
are undecompofable s as perhaps neither our fenfes
nor our inftruments will ever reach thofe fubftances
which by their nature admit of no fort of ‘decom-
pofition. OFf thofe bodies that ‘are known to us

as fimple fubftances, and whofe number amounts to-
Jorty, fome may be fenfibly exhibited in their -
fimple flate uncombined with other matters. (often-

- fible, producible, fimple fubflances) ; others may not, -
and their exiftence or pref'encc 1s.only inferred from
falts (unoﬁenﬁb le; w@produczb[e JSimple ﬁtl}ﬂancc’s)

The following is the fift. of /' mple fuc’gﬁances, at
pre(cnt known

s

€3 E - A, Un.
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A. Unproduc:ble Simple Subf’cances

o s Plylngrﬁm, or-bafis of 11ght 15, Radical of Lead -
2. Oxygen - ! . 16, —————— Copper
3. Hydrogen : = 17 e Tront
4 Awitic " s i — Tin 3
: 5. Carbonic ; : 10, m—— Zi;fzc
6. Sulphuric oy 20. s Bifimyth
7-  Phofpboric ¢ ?; 21, —=————— Antimomy
8. Murigtic - | = 22,  —————— Nickel
9. Fluoric ; 23 e Cobal?)
10. Boracic = | 24— Arfinic
23, = Manganefz -
11. Radical of Gold 26. Molybdena
12. P!:z!z‘&a 27. ————— Wolfram
Ry - Silver 28. Uranium
V4 ——— Mercary 2q. ‘I’z‘ta#z‘um.
B. Produc1ble, Oﬁenﬁble, Simple Sub[’cances.
30. Caloric ; 36. drgillaceous : _é
: _ el Czrfam } E
31. Siliceous 38. Aufiral )
32. Calcareous Lz o A
33 Magnefian 5 39. Vegetable :‘:';'
34 P ””f’f’ s = 40. Mineral ‘ } é

35- Strontion

According: to ]_'_.a.vqiﬁef's Syftem, the lift is,

Unproducible Sim ple Subftances.
1. Oxygine 4. Radical muriatique
2. Hydrogene 5. Radical Suorique :
3. Azate 6. Radical boracigue,

.Preduriék—
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7.
8.
g
10,
11.

_Simple Subflances. ' 23

- Producible Simple Subftances.

Calorigue
Lumitre
Carbone

Soufre

P/;a/}lwra. ?

1Z:
13
4.
5.
16.
17
18.
ig.
20.
21.
22
23,
24

Or

Plative:

Argent
Mercure
Plomb
Cuivre -

Fer

Etain
- 5

Zine
Bifmuth.
Antimoing

Nickel

Cobalt

25. Arfenic '
26. Manganefe
27¢ M&[)&ti@ne‘

#Fod Tuﬂg:tme

29. Uram::
20. ‘Tz{au

31, Silice
3z. Chaux
33 Magnifie
34 Baryte

- 35. Terre de Stroption

36, Alumine
37. Terre de Circen
38, Terre auflrale

39. Putaffe

; 40. Sonde.

The difference in thefe two lifts, arifes from the duthor’s at-
tempt to unite the two fyftems (IX. Intred.) by adopt-
ing a Phlogifton, though in a different way from Srab/

A% 182, 189.—194).—Alo, from latter difcoveries, the
aufiral earth thould be omitted ; and among the metals,
the rellurium, and cbrome added ——Edit,

—'§ 9-

‘The impoffibility of producing fome of thefe
elementary principles arifes, no doubt, from their
“great tendency to unite with other fubftances, and
from the opportunity to meet with them at every
feparation ; fo much fo, that we know them merely

¢ 4

by
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by the particular oftenfible compofitions which they
form.  On this circumftance alfo depends the caufe
why we are able to feparate, by art, vatious com-
pounds, but not to reproduce them.

- Examples are fumxihed by fpirit of <wine, wine 1tfelf and
a vaft number of other fubftances.

§ 10.

In the decompoﬁnon of ~one or more bodles,
it frequently happens, that feveral of their hetero-
geneous conflituent parts unite in different propor-

_ tions from thofe they had before, and thus generate
a new body, which owes its exiftence merely to
the operation that was performed Such body is
called a product (productum) in oppofition to educt
(eductum), which pre-exifted in that body before
the decompofition as ftic;h a f{ubftance, and of the
very fame properties with which it is obtained, Hence
it follows, that every product muft be a ,comiaou,nd;
educts may be ﬁmple or compound fubﬁa,nces Pl

An Injr‘mzce In carbonic acid ga:, that makes its appear-
ance on mixing a folution of potafh with an acid ; in
_fpmz of wine, on the fermentation of faccharine j juices 3

. in the empyreumatic oil at the ehqnatmg of tar from
pines, ﬁrs, and the like,

LT Pl UL I
o

¢ _ ' ‘ Mechanical

T
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Mechanical Divifion and Separation.
(e S i AR
The divifion of bodies into homogeneous parts,
-and the feparation of mingled heterogeneous parts
is properly no obje& of chemiftry ; it is, how-
ever, of great affiftance in the chemical examination
of bodies. It is performed by mechanical means, as
they are called, when by an exterior force the co-
hefion of parts is overcome, and thus the body re-
duced to pieces. ' Various inftruments are made ufe
of for this purpofe, according as the cohefion of the
component parts is different. A

§ 1z.

" To the methods of {eparating homogeneous parts
belong,  the breaking of hard and brittle bodies
by the hamnier, pounding and pulverization with the
pefile in metallic mortars ; the pounding i _flamp-
mills 5 the grinding in mills of various kind ; the
Irituration in triturating-mortars of agate, glafs, fer-
pentine, with a pe//e of the fame materials 5 the Zevi-
gation and preparation on a grinding-fione, and a
mailler of fome hard ftone ; the /oftening of hard and
brittle ftones and glafles, by making them firft red-
frof, and then quenching them in cold water.

As
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As .to bodies of a tougher nature of the animal
and vegetable kingdom,‘cutz.’z'ng;( planing, grating,
ra/ping and famping, are means of comminution.
As to the du&ile metals, the Jiling: ina hand vice,
fhé’reducing them to fhavings on the turner’s lathe,
their lamination with the hammer on the anvil, or
by rollers and fireiching-mills, and clipping the
obtained laminas® with the /hears, or graining and
granulating like leaden fhot.

Such pieces as are not fmall enough, are feparated
from the finer partieles by fleves and firainers, to be,
_ if neceffary, farther attenuated. For this purpofe
alfo {eives the procefs of dzz[re’atz'ofn, founded on the"
experience, that heavier bodies {ooner fink in water,
than lighter ones. ; -

§ 15

Blended parts of extrancous ma:tter, and of
different {pecific gravity, are parted in {melting
houfes by famping and {ubfequent wafhing ; which
operations geft on” the fame principle as_ elutri-
~ ation, ;
- Solid bodies, when intermingled with liquids, and
when of a greater fpecific gravity, feparate by reft;
after which the clear liquid may be obtained in
- 2, depurated fate by decanting, or may be' drawn .
off by means of a Jyphon.. Or  elfe liquids are.
. Arained (percolare, filtrare) to feparate the folid
bodies
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bodies which are mingled with or diffufed in
them ; and to this end feveral Siltering inflruments
are ufed, as layers of fraw in calks with perforated
bottoms ; - conieally twilted filtering or printing
paper, placed in funnels or filtering-bafkels; linen,
and fent-cloth, ftretched on a frame (tenaculum);
leofe hemp, or flar, fpread over an expanded net.

Quickfilver is cleaned 7fr.om filth by b_eiﬁg fque¢zed
through a bag of fhammoy-leather.

What remains in the filtering-inftruments is far-
ther freed from the flill adhiering particles of the
fluid, by pouring on it'a fuitable liquid, commonly
water ; and this is called edulcoration (edulcorare);
it is alfo called Lziviation (elizivare), if it be in~
tended to make ufe of the filtered fluid.

. To clarify fuch liquids as do not admit of being
filtered, an ingenious procefs is cmployed to fe-
parate from them the fine floating particles of extra-
neous matter. For this purpofe fuch fubftances
are -added, as in a cold temperature may be dif-
folved in the liquor, but rife to the furface by
coagulating at an increafed heat, as the white of
eggs, bullock’s-blood, &e. By thele the impurities
are enveloped, and may therefore be fimmed off
_together, s : g

Primitive
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Primitive Powers, and the Forms of Matter

depending thereon.

§ 14. s
The feparation of bodies into het_erqge_neous parts;
as well as their compofition from them, cannot
be effected by any outward force, which only de-
ftroys the accumulation, but not the mixture of
bodies.—By the moft {ubtile. comminution of
mixed bodies we never obtain their conftituent, but
merely their integrant parts, or original maffes.
{moleculesi. Therefore, if we intend to deftroy
the combination of heterogencous parts, we muft
rather employ thofe powers which are inherent
I eorporeal fubflances, and by the actions of
which they combine among themfelves. This pri-
mitive power, inhérent,ih_ all matter, by which
homogén’cpus and heterogeneous parts mutually at-
tract each other, becomes alfo the means of feparat- -
‘ing them 5 becaufe the powers of attraction are of
different intenfity in the various original {ubftances,
as will be thewn hereafier, i,

R TR
We know, by experience, that in the corporeal
world changes  take place in- the - condition of
beings: changes with regard to place and motion,
0% & i : ,‘Th‘eﬁ’:

A
. :""

L 5 L & *
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Thefe we under&and by the exprcﬁ?ons, natural
events, px’zmamcna, and the efﬁucnt caufes of thefe
' changes go by the name of pawer_s '
4 S § 16

On . conﬁdermg the feveral matters of t‘ms vi-
fible world more clofely, on fcrutinizing carefully
their actions and effects, and on purfuing the phe-
nomena up to their ﬁrﬁ caufes, we meet at Taft with
a ftop at fome effects, “which it is impoffible for us
to aual}rfc farther. To account for .thefe, we are
obliged to affume fhree primitive powers, effentizlly
'dxﬁ'crent from ‘one another, inherent mn the Lerpec—
tive matters of our. fe'aﬁblé werld, and which,
the prefent flate of our knowlecce, are tegarded as
the firft innate caufes of all the mulcifarions phe-
nomena amono cofporeal bainrgs. Dot

_ $ 1/

“Thefe three prlmltne ‘caufes are’: grauztaz‘mn,
of. power of ormmfy, ‘the pozuer of cofwf on, or af-
tractive power; and the power of expanfion, or re=
puljive power. - They differ effentially from each °
other, and act upon totally different Jaws on the
fubftances fub_;ected to thelr mﬁuence. \

The pozver of gra‘wtj is ufuaﬁy caﬁﬁda:’e& as not effenti-

' ally-different from the po=ve m&em, and both are
" comprehended nnder the common name of power of
attradtios; yer ‘the prooé‘; af rh;s do not feem to me
-'convmcl-lg g :
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§ 18.

The phenomena that are occafioned by gra-
witation, or the power of gravity (vis gravita-
tis), are not objects of chemiftry; they belong
to the province of phyfics. But fince the two other
primitive powers afford the means of chemical
analyfis and combination, it is neceflary to be ac-
quainted with their phenomena.

; Biags T 2y :
The power. of . cohefion, (vis cohceﬁo?iz}, ad-
hefionis, attractionis), is that force of matter,
whereby its parts are connected in fuch a way, that
they refilt upon their removal or feparation ; in other
words, that they diminifh the force employed to
effect their feparation

§ 20.
The power of expanfion (vis expanfiva, repul-
Jionis), is that force of matter; by which its parts
refift when it is attempted to bring them nearer

together, or whereby they ftrive to fecede from each
other.

i § 21.

Hence, by the coheﬁvc force, the particles of
matter are making efforts to approach one another,
_and by the expanfive force they arc ftruggling
to feparate from each other. Both thefe forces are
confequentiy 1n dzrcct oppofition, 1If both are

: 5: . n equally
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equally great, or of equal intenfity, they naturally
do not caufe any motion; that is to fay, the refult
of their reciprocal actions is—reft of the parts. It
is in this cafe only that the body fills its {pace with
continuity. '

: § 2108
\Ve have reafons to fuppofe, that the effential
and fpecific difference of the principles (§ 3) in
this fenfible univerfe is grounded on the different
illfénﬁty'of their primitive, innate powers, which
caufes the greater or lefs degree of activity in the
various {pecific original {ubftances.

Kanf's Metaphyfical Elem. of Nat. Philofophy, p. 1c0.

§ 23.

On the reciprocal mnfluence of thefe primary
powers, and their refpective intenfity, particularly
,depends the form of aggregation which we obferve
in bodies, wherefore we diftingui(h three {pecies
of aggregation : folid bodies, liguid ﬂm(ls and ex-
panjible or elajiic fluid bodies.

§ 24. i
Solid badees (corpora _/blzda), (§ 23) are thofe
which, by the oreater mteni‘ ity of the cohefive
force acting in their pumary maffes, pre{ent an ap-
pa.rent and confiderable refiftance, when their partS,.

are mmo‘,cd from the fpacca V\h.ch they occup}’
2 ~Yet
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Yet the ftrength of the cohefive power has, even in
different folid bodies, manifold gradations with re-
gard to the {urfaces of their original maffes; and
- this again gives rife to particular fubdivifions, which,
however, are {o little diftinguithed by fixed lines,
that the different {pecies, which thereby fhould be
determined, rather imperceptibly run into one
another. ;

§ 25

Thus we diftinguith kard (corpora dura) from
Soft bodies (mollia), by the greater or lefs refift-
ance they exert on the feparation of their parts.
Here we obferve numberlefs degrees; and we are in
abfolute want of a fcale by which properly to mark
their limits. Such folid bodies as admit of their parts
being confiderably moved upon one another by an
external force, without lofing their cohefion, are
Jupple, tenacious, ductile, malleable (ductilia) ; and,
on the contrary, britile (fragitia), if their parts can-
not be difplaced without being disjoined, or without -
deftroying their cohefion.  The increafe of the brit-
tlenefs of bodies attending their increafe of denfity
1s, doubtlefs, an evident effect of the repulfive force
that now becomes more dctive.

It is a common, but falfe conception, that by the diften-
fion of tough bodies, for inftance, the drawing of
. wire, lamination of metals, &c. the parts are, in
general, r::mﬁved more afunder. On the contrary,
they approach nearer, when by difienfion they are
moved



fi’haf. I.]. Forms of Bodies. 95

» - moved upon one another, as the increafe C}F {pecific
gravity fhews on the drawing of wire, or laminating
of metals. Hence it follows, that the velume or
bulk muﬁ in this cafe, decreafe; and that a drachm

of gold drawn into wire, or beaten into leaves, takes
up lefs room than if caft in the form of a ball.

§ 26.

Contractility, which is likewife called elafi-
city, 1s the effet of the power of cohefion; ‘it
is an attractive elafiicity, and materially different
from expanfive elafticity. It is met with only in
folid bodies;-it always pre-fuppofes ducility, and
manifefts itfelf only by this, that the parts removed
by an outward forcedtruggle to refume their former
propinquity, and do really refume it, whenever that
force gives way.

” § 27_

Fluid bodies ( corpora jluida) are thofe whofe
parts may be moved upon each other by any force,
however fmall. Of thefe there are two f{pecies,
effentially different, to be dlftmgmihed liguid and
expanfible fliuids. ,

Liguid fluids, or fuch as are capable of drop-
ping (corpora liguida), (§ 23, 27) prefent them-.
felves to our fenfes in the form of a coherent
aggregate, and affume, when in fmall mafles;, a
{pherical figure; or they form drops, as often as the
=S MOE. T, D ; mutual
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mutual attraction of their parts is not difturbed by
other bodies. . They undoubtedly poffefs a certain
degree of compreflibility, and manifeft, when com-
prefled, expanfive elafticity.

§ 29. _

Lxpanfible, or firictly elaftic Auids (Auida ela-
Sfica expanfibilia), thew no cohefion of parts ob-
fervable by our fenfes; or the attrative power of
their parts is deftroyed by -their repulfive power,
pofiefled of a ftronger attivity. On account of this
fuperior expanfive force, they huft neceffarily {pread
out on all fides without bounds, if the gravi
of fome parts, or the fuperier attrattion of ex-
trancous fubflances for them, does not prevent it,

and fet limits to their éxpanfion. ;

§ 30. -

Thefe expanfible fluids (§ 29) T fubdivide again
in a double point of view: firft, into pure ex-
panfible, and ponderous exzpanfible ; and shen into
fluids expanfible by their own nature, and ei-
panfible by communication or derivation. In the
firft, the motion of their parts is actuated by no
other force than the expanfive power, ecither original
or derivative; and they expand from the Pplace
where the repelling force begins to be attive, in all
directions, with equal facility ; and it is only the
counteralting force of attradion in other primary

: ; : - fub~
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fubftances, that 1s able to fet limits to their exs
panding infinitely. -Thefe pure elaftic fluids are
alfo ftyled radignt. Fluids; elaftic by themfelves,
pofefs originally their expanfive elafticity, fuch as
caloricy at leaft we know, as to the latter, no {ub-
ftance, and our fenfes offer us none, wherefrom we
could derive its power of expanfion.

Though, in order to facilitate the geometrical repre-
" fentation of' the ideas that occur on explaining the
phenomcna prefented by pure expanfible fluids, it is
allowable to reprefent their propagation in the man-~
ner of rays; wiz. to imagine the propagation of their
{mall fpherical particles in firaight lines; yet there is
nothing that ean prove the reality of this aromiffical
manner of reprefenting. Like all other bodies, they
rather fill their fpace, even on greateft rarefaction,
with continuity; and the appellation of greater
rarity, is but an expreffion to fignify their weaker
expanfive or repulfive force, which decreafes in the
Iatio, as the fquare of the diftances from the place
where their altivity begins, increafes. I therefore
no longer admit diferere fluids, as they are termed.

. § SI;

The ponderous expanfible fluids (§ 30) the dif-
ferent kinds of air, for inftance, poflefs all a de-
rivative expanfive elafticity. It will be proved, in
the fequel, that every one of them confifts of a
ponderable bafis, which is not expanfible of itfelf;
but fuch as, by the reciprocal action of its own at-
tracting and repelling forces, would have the aggre-

' Dz ' gation
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gation of folidity : and befides, of a fubflance ex=
panfive by its own nature, the caloric, by the fu-
perior expanfive power of which, the original at-
tractive forces of the bafis muft neceffarily difappear.
The gravity of their parts prevents them from ex-
panding in the manner of pure elaftic fluids.

: § 32. g

The ponderous elaftic fluids (§-30, 21) may
be farther f{ubdivided into aeriform, or gafeous
{fluida aer{'}"bi'ma'a—ﬂm'dcs gaf‘zcm‘), and into wva-
porous, or vapours (vapores). The former pre-
ferve their elaftic form on whatever compreffion we
are able to employ, and at any degree of cold that
we are acquainted with; the elafticity of which
they were poffefled, is therefore, under thefe cir-
cumftances, permanent; and their combination
(§ 31) is not deftroyed by mechanical compreffion.
‘The latter, on the -contrary, viz. the vaporous
fluids, lofe their form of - elaftic aggregation In
both ways, by compreffion and by cold; the innate
attrative powers of the parts of ‘their bafis will
again predominate; and thefe parts, receding from

the caloric, unite to form either folid or liquid
bodies,

§ 33.
~ The liquid-fluid bodies, known to us, are not
indebted for this form of aggregation to their ori-
- glnal innate powers; by thefe they would, without

€X~



Chap. 1.} - Liguid Fluids. < o

exception, rather be folid bodies, Their liquidity
is communicated; and it is an effe& of the in-
fluence exerted by the expanﬁv;a caloric, as here-
after will be proved more fully by experiments.
Hence caloric has, by its expanfive force, a fhare
in producing the form of all ponderous expanfible,
and of all liquid bodies.

Thus water is, under o Reaum, 2 folid body (ice); above
o till 80° at the common preffure of the a'tmofi)here, a
liguid (properly wwater); at 80° and above, again
at the {fame common preflure of the atmofphere, an
ela/izc Juid, (aguesus vapour Seam).

§ 34 :

A great many liquid bodies would, in the ufual
degree of heat which we live in, not at all ap-
pear in that form of liquidity, were it not for the
~preflure of the atmofphere, by which the original
attralive forces of the particles are aflifted. We
certainly thould not even know them as fuch; but
" by the expanfive power of the caloric combined
with them, unlefs overbalanced by that preflure,

they would be transformed into expanfible fluids.
Without tfle preflure of the atmolphere, water would,
direttly at the point of thawing, afflume the form of

elaftic fluidity, and in no way acqmrs the interme-
diate ftate of liquidity.

' Experiment to prove this aﬂ‘er_tion by means of ether, vide~
Lavoifier Traité Elem. Tom. L page g & feq.

D3 § 35
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§ 35

One remarkable phenomenon relative to the
power of ateraction .inberent in matter, is the: de-
termined figure affumed by its, parts, if that force
can act upon them freely.and unimpeded. Con-
cerning liquid- bodies, it isthe formation of drops,
and concerning folid bodies, it is the cryfallization
or fexiure, which in this view deferve our clofer con-
fideration. ' ' _

§ 36.
All liquid bodies aflume, as we have alfeady
remarked (§ 28) when in fmall mafies, a {pherical
figure, and form drops, provided they do not unite
fo much with fome other body as to fpread upon it.
Thus, finely divided quickfilver forms globules on
wood, on glafs, on ftone, and fimilar matters.
_The fame holds good as to water and wine on wood 5
glafs, paper fprinkled with the feed of ‘the common
club-mofs (lycopoduim clavatum); and all liquid
bodies affume the fpherical figure, when falling in
fmall maffes through the air, with which they do
not cohere. A mere inert fluid mafs would, in any
cale, retain the figure it once poflefled, and not form
drops. If it be not at firft fhaped in this figure, it
will never be endowed with a globular form, unlefs a

motion of its parts takes place,

- Thus the very formation of drops demonftrates, that
there muft exift a caufe which produces that effect.

This

LRV H- A
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This caufe cannot be grauty, for this, agreeably to
experience, is rather an obftacle to the forming of
drops; fince, by the weight of the particles, larger
drops refting on folid bodies are flattened, and the
" regular {pherical form prevented. - The {maller the
drops are, and the le(s their weight is, the more
perfect is the {phere which they form. -

To explain this phenomenon in a {atisfactory way,
there remains only the power of attraction between
the ' particles of the liquid body; wiz. if it is
{uppofed that the elementary particles of a corporeal
fubftance reciprocally attract each other with equal
force, and that their ab,titude for being moved
upon one another be great enough to put no im-
pediment to their motion, it follows, by the true
principles of mechanics, that the equilibrium of the
attractive forces can only take place when the mafs
has received a globular thape.

§.37-

Thc parts of folid bodies likewife affame 2 de-
termined form, and compofe groups of a peculiar
figure, when fuffered to follow, unimpeded and
freely, that motion which, by the power of attrac-
tion, is produced among them in- determined di-
reCtions.  But here this remarkable circumftance
interferes, that the particles do not attract each
other in all directions with equal force; and hence

D4 {malles
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{maller groups already formed, as alfo primitive
figures with certain furfaces, exert a ftronger at-
traction than others; thus forming polyedral folids,
which are called cryfials.

§ 38.

In order that folid bodies may form eryftals
of- determined and regular figures, or, in other
words, that they may regularly cryflallize, it is re-
quired, 1ft. that they be brought into the ftate of
fluidity, in order that their Jarts: may acquire, in a
high decrree, the capacity of being moved one-over
the other; and, 2d. that they do again congeal
graqually, and without bemcr difturbed; or, what
is the fame, do gradually pafs from the ftate of
fluidity to that of folidity, during which tranfition
their parts join together in determined diretions,
and form in that manner bodies, if not always of
certain fixed outlines, at leaft of a determined tex- -
ture, :

Under thefe conditions it may indeed be faid of
all folid bodies, that they affume a peculiar decided
figure, or that they cryftallize: and nature fhews
us this determined form and texture in numberlefs
folid bodies of the mineral kingdom, and in end-
lefs varicties, in ftones, falts, metals, fulphur and -
congealed water; fo much fo, that the very forma-
tion of organic parts may be derived from fimilar
caufes,

I
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If many foffil bodies do not appear in {uch re-
gular form and determined texture, we may nevera
thelefs, from their being met with elfewhere, con-
clude, that on their concretion, only thofe condi-
tions were wanting on which this phenomenon de-
pends.  Art, it muft be admitted, cannot imitate
nature in the configuration of many bodies, as it
does not pofiefs the means of bringing -many fub-
ftances 1nto the requifite ftate of fluidity. '

E; mmﬂm In the cryftallization of fa!fpm e, Glanber’s and
other /aits.

Cryftallization of various falts in fingle drops, that may -
afterwards be viewed by a microfcope. «

The Sfilver-tree, or arbor Diane—the lkad-tree—the tin-
- iree. 7

§ 39

‘The firft condition neceffary to the formation
of cryftals (§ 38) mobility, and capacity of being
eafily difplaced, is procured, with refpet to folid
bedies, by fufion, er by folution in a liquid, or by
transformation into vapours; or alfo, laftly, by a
very f{ubtile divifion in a fluid medium.

The {econd condition, the removing of what has
_caufed the fluidity, in other words, the concretion
is effeéted elther by refncreratlon or congelation, or
by evaporation of the menftruum, or by precipita-
tion, or by repofe and fubfidence. Yet here the

: attrac-
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attraétion of the coagulating particles muft by no
means be difturbed or hindered by any kind of
motion, fuch as ftirting, thaking, &c. If the tran-
fition from liquidity to folidity be too fudden, the
particles then have not fufficient time to unite, as
fuits the atira&ion of their {urfaces, and the form
becomes irregular.

Examples: In the formation of cryftalline folid bodies,
by pafing from the fluid to the {olid fate; 1ft. (after
preceding liquefadtion by cooling) froww, ice, fulphur,

_ antimony, bifisuth; 2d, (after preceding folution, by
evaporating . the folvent medium, or by its frigeface
tion) the numerous jalt-cryffals, realzar, (by precipi-
tation) the wmetallic tree-like cryffallizpiionss 3d. (after
preceding ;onvcrﬁoﬂinto vapour) the cryfalline fub-
dimates, and, as they are called, chemical flozverss
and, 4th. (after preceding fine divifion in a fluid})
the ﬁalad?zre:, or drop-ftones.

§ 40.

A vaft multitude of larger cryftals may be me-
chanically divided into fmaller ones, which then,
with regard to figure, may, or may not, refembiq.
the greater. The firft 1s the cafe, when the fe-
paration of the larger-cryftal can be made ina di-
rection parallel to all its furfaces; otherwife they
have no refemblance to it, or the primitive form is
different from the fecondary. Abbé Hauy has, in
many foffils, 1nveﬁ1gated this fubject with great ac-
curacy ; and has, from the #ccumulation of certain

s . primi-
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primitive forms, according to fome fixed laws, very
fucceffully illuftrated the manner in which larger
cryftals are formed out of fecondary figures.

According to Hauy, all the primitive forms of cryftals,
hitherto difcovered, may be reduced to fix, namely:
the garallelopipedon; to which belong the tube, the
rhomboid, and all folids terminated by fix fides, of
which two are always parallel; theregular tetrabedron;
the regular cfabedron; the fix-fided column; the do-
decabedron, with equal and fimilar trapeziums; and the
dodecabedron, awith ifofeelic-triangular firfaces.

The' editor would not forego the ufe of language
adopted by chemifts and mmeralog1ﬁs he hopes,
therefore, not to be blamed, if, in defcribing cryftals,
he frequently ufes the term- eofumn, where rather that
of parallelspipedon, ox prifm, fhould be employed.

_ § 41.

Not only the parts of certain bodies cohere
together, but likewife entire and different bodies,
placed in contat; and this cohefion is, among
bodies of the fame kind, the ftronger, in proportion
to.the clofenefs and number of points which touch
one another: fo likewife do bodies of different kinds--
cohere among themfelves. However, the ftrength
of cohefion bet:;veen various hetcrogeneous bodies is
very different, notwithftanding that the dimenfions
of the furfaces placed in conta@ may be the fame.

~ Two polithed brafs or glafs plates cohere together; but
they cohere fill more if they be moiftened with

water, or greafed, : i
Experi-
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Experiments to;vards determining the ftrength of cohe-
fion of metallic or glals plates with water.and quick-.
filver.

Guyton de Marveau had round plates, of equal fize and
figure, made ‘of various metals, They were of one inch
in diameter; and he afcertained the force with which
they adhered to quickdilver, upon the furface of which
they were fufpended. The plate of

Gold adhered with a force of 446 grains.

Silver - - - - - < - 429 —
Tin -~ - = = = = = - 418 —
Lead - - - - - - 5 o307 —
Bifmuth - < - - - "= 372 —
SR R e (R Gt T e
Copper - ~ = - - = - 142 —
dfztiman}‘ e G
Tron ot e R et e VS e
(oalrity =% ol R e

It is upon this cohefion of heterogencons fubftances, in
clofe conta&, that glucing, cements, mortar, Joldering,
tinning, filvering, and gilding, are founded, :

§ 42.

If the particles of a fluid mutually attradt each
other lefs ftrongly than they are attratted by a
folid body, they will, when in contact, ftick to the
latter, and make it wef, or diffufe themfielves Lipon

it; but, if the contrary take place, they will form
fmall globules or drops.

Upon this. greater or lefs frength of cohefion, which the
particles of 2 flaid have among themfelves, in op-
pofition to their coherence with any falid body, de-

pends
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pends the concave or convex furface of the fluid in a
veflel, its flowing or not flowing down the fide of 2
veilel, on being poured outfrom it, when quite filled,
and its brim not turned dow’nwards, and other fuch
-incidents, as that of glafs globules {wimming upon 2’
fuid, and being feemingly repelled from, or drawn
towards the edge of the veflel.

The phenomenon of the capillary tubes beIongs to t}m
-place.

§ 43

_As the different heterogeneous bodies do nos
¢cohere together with equal force, fo do likewife the
different heterogeneous primary fubftances and con-
ftituent parts of bodies thew an -unequal ftrength
of attraction for each other. We are taught by
experience, that two f{ubftances of different kinds,
which are combined and united into an homo-
“geneous whole, may be feparated; if a third {ub-
ftance be added, towards which ecither of the two

exerts a ftronger attraction than it had to its former
aiTocmte. ;

Experiments : To a folution of chalk 3 in nitric acid add

a folution of pot-ath; the chalk will re- affume its
ongmal form.

“Into a folution of gold pour fome naptha; fhake the
whole wellyand let it again remain at reft: the naptha
will then deprive the folution of all the gold.

Caufe quickfilver, diffiolved in nitric acid, to re- -appear
by the addition of drafi or copper, or copper diffolved
in fulphuric acid, by the addmon of iron.

§ 44.
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§ 44-

Let us then ﬁlppofe, that to a._body, conipofed
of two. heterogencous conftituent parts, A and B,
a third fubftance C be added, and that A has a
fironger - attraction to C than it has to B, with
which it was before combined; in this cafe A and C
" will naturally unite. If, now, the combination A C
has no longer any attradtion to B, this latter will
of courfe be excluded from i1t Here, therefore, a
chemical Hfeparation and compofition takes place;
and it appears from this, that the attra&ive and re=
pulfive powers inherent in matter, are means ta
produce . chemical feparations and compofitions;
“which by mechanical means cannot be effected.

Chemical Affinities.

§ 45

in chenﬂif’cry, the aftion of that power whick
is naturally inherent in heterogeneous fubflances,
and by virtue of which they unite together in va-
rious degrecs of intenfity, goes by the name of
chemical affinity, or elective attraction; and that
fubftance is fuppofed to poffefs a nearer or greater
affinity with another, which is more ftrongly at«
tracted by it, than to a third which is lefs;

§ 46.
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§ 46. |

On a review of the various phenomena which -

obtain, when fubftances of different kinds are com-

bined or feparated, we cannot help diftinguithing

faveml {pecies of affinities, all which may be brought
under three heads :

1. The affinity of eomp‘nﬁtz'mz; or mixing affinity
{afjinitas fynthetica), whereby two or more hetero-
geneous fubftances unite, to conftituté a new and
‘thoroughly homogencous whole, F 3

Examples : Water and Salr. =
Alkobol and Refen.
Sulpburic Aeid and Aroil, *
Nitrice Aeid and Potofb.
Silver and Sulphur.
Silver and Gold.
Silvery Gold and Copper, &e.

§ 47..

To this firft fpecies belongs’ the. appropriation { -
termediate affinity), when two f{ubftances of dif-
ferent kinds, that fhew to one another nao com- -
ponent affinity, do, by the affiftance of a third, and
together with this laft, combine and unite into an
homogeneous whole. ‘The preparing  affinity, fo.
called by fome, is as little to be confidered as 2
feparate fpecies, as the appropriating afﬁmty
S Examples af appropriation.

Far Oil, Water, Altal;.
Sulpbur, Water, Altali,

3 § 48.
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= 2. The fimple affinity (affinitas electiva fim-
- plex; analytica cum [ynthefi fimplici) takes place,
when two heterogeneous fubftances, united to
one homogeneous total, are parted by adding a
third, which more forcibly attrads either of the two
united than they do each other, and the one is by
this proce(s feparated from the other.

Examples. paf
L = Preceding compofition.

r—w&—-‘——#\
R i ; new compofition.

Water
2.
*- Preceding compofition.
(on)
A
e X
Argil Sulpburic Acid

Vegetable Alhali } new compofition.

; 3: .
Preceding compoﬁtion-‘
(Soap)
P

, .
Fat al Mineral gliali’ } new compofition.
Sulphuric acid 5 (Glanker’s falt.)

: § 49, =

Hitherto it has in vain been attempted to find
out a general law by which thefe affinities act ;
for there has not yet been collected a fufficient num-

5 ber
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ber of fa&ts to difcover that law. Yet towards a
general view of the experiments belonging to this -
fubje&, we are greatly affifted by the Tables of
Jimple affinities, where the various fubftanees are
arranged in fucceffion, according to the greater or
lefs ele&ive attraction which each‘of" them has for
any particular fubftance.

Thefe graduated arrangements of the fisaple affinities xﬁaj?

be f{een in the tables added to the end of the fecond
volome.

§ 500 ;

3. The third fpecies is the double affinity,
whereby not one only, but more new combinations
are caufed, or by which two combined f{ubftances
are feparated on the addition of two others (no

matter whether combined or uncombined) by virtue
~ of their refpeltive attrattions ; and whence, con-
fequently, two new combinations arife, though at
times only one feparation takes place. This double
affinity often caufes a decompofition, which the
fimple affinity is unable to effet. -

Exq:npk:. '
3 Former combination:
(Salt of Glauber)
; Sy
-~
Niw oot - Sulpbuicacid. . Mineral alighi, 3 New cone:
bination. { _ } bination. .
GJMM Saimrmu l‘arrb.v Muriatic zz;f::{._} Comm_ol}:_ f?f‘(_*-.
; Former combination,
( Muriated lime) .

VOL. 1. N " 2. Pruffiat
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2. ;
Pruﬂ"a; of Porajp. 5
iRy

Y _ New com-

o y=i g %
?iei:aii?rr { Pruffic fmd- Vegetable altali. } bination.
Priffan blue. \ Oxyd of Lron. Sulpbaric acid. Sulpkat of
(Gl ' <o £ Pﬂfaﬁ.
( Greew witriol) : ;
i : 3
Allgy of gold and copper.
A
. =y 5
Sulpburet. ¢ Coppers = Gold. sy of
g Gold and
Copper. - Sulpbur. - - Antimony. ) drntimony.
& L - s — - '
(Crude Antimony)
§ 31. &

Every chemical decompofition 13 performed
by the afliftance of affinities, and two {ubftances
united into one homogeneous compound, can never
be feparated, unlefs one of them undergoes a new
combination.

¥

Chemical Operations and Fnflruments.

§ 352. ,

By chemical operations or proceffes, we mean
the application of proper ‘means to cffett @ de-
compofition or compofition, Every one of them is
grounded on the various degrees of affinities of hetero-
geneous {ubftances amongft each other, without even
excepting the application of fire, whofe influence is

' likewife
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likewife (every thing well confidered) depending on
~ the affinity of its conftituent parts with other fub-
ftances.  Generally fpeaking, every primary {ub-
ftance may be counted among the active chemical
inftruments, or ckemical agents. |

§ 53

The confiderable changes caufed by fire, in
the mixture, as well as in the form of {o many
bodies, is the realon why we cannot avoid placing
it among the chief chemical agents, or making fre-
quent ufe of its application. Whence it is neceffary
to learn in this place the means of properly main-
taining and managing fire ; both of which are re-
quired, to attain the purpofes on account of which
fire is applied. :

§ 54

Wood 1s, on account of its fmoke and un-
equal heat, in few cafes only made ufe of as a fuel,
or means of producing fire. Charcoal gives the
moft uniform and beft manageable heat, and is
moft commonly employed. Pit-coal affords, in-
deed, when affifted by a fufficient and ftrong cur-
rent of air, a more intenfe heat than charcoal, yet
It is in many cafes inferior to the latter, as to con-
venience of application. To obtain a gentle, fteady
degree of heat, the fire of a lamp, maintained by
fpirit of wine, may ferve when Argand’s lamp can-

not be ufed.
B2 : § 55.
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§ 55

In order to apply fire, to mapage and to direct
it where it 1s to alty furnaces are convenient, and
they are the moft neceffary and indifpenfable. in-
ftruments to chemifts. The materials of which they
are conftructed ought to be fufficiently proof againft
that degree of heat, which they are intended to be
expofed to. Commonly they are built of bricks
made of fand and clay, or of caft-iron, or of iron
plates, which, the better to be defended againft the
fire, are coated (in the infide) to the thicknefs of an
inch, with Windfor loam. According to Lewis *,
various kinds of fire-proof furnaces, for fmall experi-

ments, may be prepared from black-lead crucibles.

* The contrivance is indeed very excellent; as they
ferve all the purpofes of philofophical enquiries. Leuwis
has givena detailed defcription of them, and plain
delineations, in his Philofsphical Commerce of Arts, 4to.
London, 1763, page 1—137, which it is worth the
Reader’s while to confult.—Excellent portabls Sfurnaces
of black lead are alfo manufadtured at Meffvs. Pugh and
Speck’s, Spital-fields, London, and fold at Meflrs. Mofir
and Fackfon’s, Frith-fiveet, Soho,—Ed.

Guytor de Morvean has likewife very fuccefsfully em:
ployed Argand’s lamps for chemical operations, as an
@conemical laboratory. | The paper relating to it'is in-
ferted in Nickolfir’s Chemical Journal, Vol. II. page’
209.—Frederic Smith, tin-man, of Gerrard—ﬁ;eet, Soho,
has accommodated this apparatus fo

; t the ftudent at 2
meoderate price.—Ed. ; :

§ 56.
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§ 36.
The burning of the fuel is kept up in the fur
nace either by a natural current of air, which is
caufed by the fire itfelf, and fuch a furnace is called -
‘a wind-furnace (furnus anemius); or it is done by
comprefied -air, conveyed to the furnace, as in blgf-
Jurnaces. g ;

§ 57

Every wind-furnace (§ 56) * confifts’ of two
- eflential parts: the fire-place, hearth (focits ), or
that where the material deftined for the fuel is
placed ; and the afh-pit (cinerarium) that receives
the athes of the confumed fuel, admits the air
through its aperture [ afk-hole), and is feparated
from the hearth by the grate (craticula).

* Plate L. Fig. 1.

§ 58.

If the bodies to be examined be not imme-
diately placed upon the fire, but either on iron bars,
or in veflels to be heated by the fire, then a third
{pace, the laboratory (. ergajtulum), is formed in the
wind-furnace. If by the laboratory the fire-place
is thoroughly clofed, it muft be provided with fome

vent-holes, or regifiers. (fpiracula), to allow accefs
of air,

E3 § 59
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§ 59

Such wind-furnaces as are clofed bya vaulted cover
{cap, dome, or cupola) and have, either at top or
on the fide, a narrow vent-pipe,or chimney (caminus J,
are called reverberatory furnaces, cuppelling fur- -
naces (furni reerberii)®. Sometimes the fire-place
1s a part of a feparate furnace, from which, however,
by the draught of air, the flame of the fuel is forced
over, ftriking upon the hearth of the cuppelling-
furnace, which then is to be confidered as the la-

boratery. ‘
* Plate II. Fig: 1 and 2,

§ 6o.

The - natural current of air, in wind-furnaces,
arifes from the increafed elafticity of that portion of
air which is contained in the upper cavity of the
fire-place ; it being there heated by the fire, and
thereby naturally caufed to expand. - When this
air rifes' by its increafed elaftu:lty, thc denfer and
colder air below the grate muft, of courfe, force its
way to the hearth, blow the fire, and thus maintain
the combuftion,

§ 61

The perfettion of 2 wind-furnace conﬁﬁs, 1, in
a good current of air; 2, in keeping the heat
together, without loﬁng too great a quantity of it
unufed ; and, 3, in the famhty with which the heat
may be 1ncreafed or weakened. The heat, in wind-

furnaces,
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furnaces, is increafed partly by an additional fupply
~of fuel, partly by accelerating the draught of air.
The laft is effeted by opening the door of the afh-
pit wider, by fhutting that of the fire-place, by
opening the regifters, and lengthening the chimney
by additional vent-pipes, and alfo by applying the
action of the bellows.—By diminithing the quantity
of celerity of the current air; hence, by fhutting
the afh-hole, the regifters, and vent-pipes, the heat
is diminithed, and the a&ion of fire weakened, or
thoroughly fupprefled.

§°62.

Blaft-furnaces (§ 56) are of a fimpler con-
ftruétion than wind-furnaces, and “their afh-pit,
hearth, and laboratory, are commonly but one and
the fame part. The blowing s moft frequently
done by bellows, which for {mall experiments are
always made of leather, and, to alt without inter-
ruption, thould be double. At the fmelting works,
wooden bellows are ufed; but thefe be?ng ﬁugle,
there are always, at the fame time, two of them em-
ployed, alternately opening and fhutting. ~ The
cylinder-bellows are a difcovery of modern times,
and exceed the common by many advantages.—
Water-drums, as they are called, may Ilkewxie ferve
for thefe purpoes.

Of Mr. Baader’s Water-&/ajr‘.—He has gix)fen a defcription
of it, with five plates. * Géottingen. 4t0. 1794,

E 4 '_ Blaft-
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Blaf-furnaces, as ufed in fmelting-houfes, may be feen in

Far's ﬁyagz: Memilurgi;zm, 4to. Lyon, 1774. Voi.HI-
Se¢ Tome L Plate 1. 2. 3. 4. 6.—Ed. 4 :

§ 63.

When the veffels in which bodies are expofed
to the altion of heat, are not placed 1n imme-
diate contact with the fire in the wind-furnace,
but receive the r_equij‘cd degree of heat by apother
intermediate body, fuch apparatus is called a bath
(balncum ). The proper infirument for this purpofe
. 1s the fandﬁ:rnace (Jurnus catini), or a wind-
furnace, whofe upper aperture is fhut by the fund-
pot (catinus). * Sand-pots are cylindrical veflels
havidg an 6th_ardly convex bottom, and made of
caft or theet iron, and at times of baked clay. Glafs
veflels, however, .contain‘ing' bodies that are to be
¢xpofed to heat, are not placed in the pot while
empty ; but in order that they may be heated uni-
formly, this Iaft is filled with {ome other body,
which the veffels are lodged. The matter
commonly ernployegl in this cafe is dry, finely-fifted
fand ; and the pot filled with it is called fand-bath
(balneum greng) + Of all baths, the fand-bath is
the moft convenient, gnd fufficient to apply any de-
gree, from gentle ‘warmth to red-heat. Crucibles

(crucible-baili) placed between coals, are alfo ufed

“for a fand-bath, inftead of fand-pots.

into
moft

* Plate III. Fig, 1. G,

1 Same-
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t .Som’ctimes, when a low heat is reguired, the pot is
filled with wood-afhes; as vice verfa the heat may be
increafed by mixing the fand with iron filings, or em-

ploying fimply thefe latter.—Edit.

R T -
If veflels be ‘heated by means of hot water,
in ‘which. they are immerfed, it 1s called a Zwater-
bath (balneum marie) * ; but if they be heated
merely by the {team of boiling water, it is called
vapour-bath. Since water, boiling 1n the open air,
is-capable of receiving only a determinate degree of .
heat, it becomes thereby a fure means to impart
heat, without danger of exceeding a certain de-
gree. : e1d
# For this purpofe the fand-pot, or any other veffe] filled
with water, may be ufed; even the common fhill, by
finking into its body holding water, another veflel
that contains the fubftance to be heated.—The water-

bath, therefore, reguires no particular furnace, or ap-
paratus. (Plate V. Fig.'r. G).—Edit.

They alfo formerly diftinguifhed four degrees of heat.—
* That of evaporation and digeftion ending at ;o° Faren-
heit; that of difillation and loiling fixed at 21293
that of iﬁxblz'ma:ihn at 600° ; that of meling and vitrifi-
cation at 16oct.——However, there is no certain de-
pendance upon thefe; mercury a.nd fat oils require a
greater heat to boil than water, lead fufes at the
SR - 54oth degree; ether and ammoniac rife by a very !
gentle heat.—Jdit,

§ 6s.
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§ 65- =S

Of the various means that ferve for chemical
ir;quiry into the nature of bodies, and which are

all founded on the affinities and the ation of fire,
* we (hall now confider the ‘procefies of folution, preci-
Jitation, fufion, volatilization, diftillation, and fub-
limation, as on thefe the -chief operations in Che-
miftry depend.

- Solution.

§66.

If ‘any fubffance unite with another of a dif-
ferent kind, or heterogeneous, in fuch a manner as
to- make with it a mafs entirely homogeneous, in
which we are. no longer able to diftinguifh the  parts

of the one fubftance from thofe of the other, we
call 1t folution, -

§ 67.

Of the two fubftances, that which feems, by
its fluidity or ‘quantity, to be the moft ative, and
to take up the other between its fuppofed inter,
ftices, is called the Jolvent medium (folvens or
menfiruum) and the other, which, in this cafe, ap-
pears to be rather in a paflive ftate, is called folvend,
or the body to be diffolved (folvendum ). This dif-
tinction, however, is not {upported by truth ; on the

contrary,
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contrary, both matters are really attive. It may
neverthelefs be kept for convenience of language.

§ 68. Ve
In any folution, not only the cohefion by which
the parts of the folvend (§ 67) were united is
deftroyed, but this laft is o united with the men-
ftruum, as to make up together a perfedtly homo-
geneous body ; in which, though affifted by the beft
microfcopes, we cannot diftinguith the heterogene-
ous parts from each other. For this reafon, among
the parts of the fpecifically different matters, dif-
folving each other, there muft neceffarily fubfift a
reciprocal attrattion, which is ftronger than the at- -
traction between their refpective homogeneous parts.
In other words, the affinity of ‘the faid. parts muft

act in a ftronger way than their re(pective cohefion.

§ 69.

. # In order that 3 mutual folution of fub- -

ftances, {pecifically different, be perfe, it is re-

quired, that in it no part of the one fubftance be

found which is not alfo united with a part of the

other, in the fame proportion which thofe fub-
ftances had to cach other before the fohrtion.

« On the other hand, it is evident, that as long
as the parts of any {ubftance continue to be hetero-
geneous a.ggregatcs'(g 3), though in a divided ftate,
2 folution of them is as impofiible as that of larger

mafss,
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mafles. It is likewife obvious, that, fuppofing the
folvent power of the menftruum to remain; the
folution muft go on, till every part is compofed of
. the folvent as well as of the folvend, in the fame
proportion in which they were added to each other.

« Since, therefore, in this cafe, there can exift no
part of the volume, or i_"pace taken up by the {olu- -
tion, which does not contain a part of the men-
Sfiruum ; the latter 'rnu{’cr‘ entirely fill the (pace asa
continuum, or what means the fame, no interftices .
can be left between its parts. Thus alfo, becaufe
there cannot exift any part of the volume of the
folution which does not alfo contain a proportional
part of the diffolved matier, the folution itfelf muft
Aill with continuity, that is to fay, without inter-
ftices, all the fpace occupied by the mixture.

<

“ But if two fubftances occupy the fame in-
dividual fpace, in fuch a manner that each of them
fills it entirely, they then penetrate each other.—
Hence a perfeét chemical folution is a penetration
qf matter ; which, no doubt, implies a divifion in -
anfinilum. That we cannot comprehend this laft, is
owing to the impoffibility, we lie under, of compre-
hending the endlefs divifibility of a continuum, of
whatever kind it be.”

Kant’s Metaph. Elem. of Nat. Philf. Page g5 fig

It is, however, ftrange, that Kan, from whom the Author

- has tranfcribed this paffage, could, by fuch reafoning,

agtempt
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attempt to revive the obliterated do@rine of the -
tinuity of matter, and the divifibility of bodies in infinitum.
The abfurdity is too glaring to need refutation—
Befides, that dofirine has nothing to do with che-
miftry ; at moft, it might have ferved among the
antient Scholaftics as a difpatation exercife for their
“pupils. The obfeurity of the above paffage could not
be remedied by the tranflation ; it is congenial to all
writings of Kant, whofe fame more depends on ab-
firufenefs than real philofophical merit —Edit.

§ 70:

" By the prmc:ples of that fyfem of natural phi-
lofophy which is called Atomiftical, no {olution
would be poflible. What is called folution would
be nothing elfe than a placing together of the {mall
heterogeneous partticles. Ounly mingled bodies, not
mized (§ 5} could by that theory exift.

§ 71

e volume of ' two bodies that have mutmlly
diffolved each other, is commonly fmaller than
the fum of their volumes before folution. It rarely
happens, that the new mixture or compound fills
a larger fpace than was occupied, before folu- -
tion, by the heterogeneous fubflances,—Both thefe
circumftances prove that modification, which the at-
traftive and repulfive powers have been caufed to
undergo by folutxom

- Example :
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" Examples : _ 2
I. Egﬁﬂ folution at Go° Fahr. ST
100 grﬁns of Alkohol, of 0,825 fpecific grav. fill
a volume = 100. .
- 100 grains of water, of 1,000 fpecif. grav. fIl a
volume = 82,5. Cgh

2. After folution at the fame temperature.

100 gr. Alkohol of 5,9300: fpecif. grav.

200 grs.{ s A fll 2 volume = 177,41

The {um of the two volumes was = 182,5.
Hence the dimination of volume is = 5,09.

§ 72. :
Diflolved bodies poflefs different propérties, and
prove to be, in their nature, totally different from -
the fingle {ubftances of which they confift.

§ 73

Two bodies cannot diffolve each other, unlefs
one at leaft be in the fluid form. The ancient
chemifts, therefore, had already adopted the maxim,
corpora non agunt, nifi fluida. The fum of at-
traftive powers among the refpetive homogeneous
parts of two folid bodies is greater than their affinity,
Hence the former muft be diminithed by lique-
faltion.

§ 74.
On this account a diftinftion is made between
folutions in the Aumid way (via humide), and
: ' thofe
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thofe in the dry. way (via Sicca). In the firft,
one at leaft of the diffolving fubftances is already in
the liquid form; but in the latter, thefe fubfances
muft firft be brought to the fate of fluidity, by
‘meltifng, before a reciprocal folution can take place.
§ 75

The folutions of feveral bodies are attended with
noife and frothing, which is called effervefcence,
and 15 caufed by a copious and rapid extrication of
aeriform fubftances. -~ This air, however, did not
pre-exift in thofe bodies in the form of air; but,
affumes this form at the inftant in which it is ge-
‘nerated, Nor 1s the effervelcence an argument for
the powcmnd violence wherewith the patts of bodies,
under reciprocal folution, attract each other. -

§ 76

When a fluid menftruum has taken up as much
as it can diffolve of a f{olid body, it is faid to
be faturated. = As the nature of the bodies to be
diffolved is various, fo, in the very fame f{olvent
medium, are the limits of faturation greatly dif-
ferent; and, in moft cafes, thefe limits are, re-
fpeting the individual fubflance, greatly varied by
the temperature; becaufe the folvent affumes to it-

felf, before it is faturated, a greater quantity of the
Solvend in heat than in cold.

2 e § 77-
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§ 77-

We muft farther confider, in this place, the dif-
ference between a partial and a total folution of
a body. In the firft, the whole body is not taken
up by the fluid menftruum, but only fome of its
conftituent parts, leaving others behind, to which
the folvent has no affinity. This partial folution is
likewife called e¥fraction, and its produ an ‘ez-
fract. Yet in thefe extrattions, by the affiltance
of appropriation, (§ 47) fuch conftituent parts
may be taken up by the folvent medium, as other-
wife would not be diffolved by it.

As examples, {erve the extrafts from vegetable {ubftances
by water and {pirit of wine; the {eparating of gold
from filver by guartatith.

$ 18.

This extraction is performed in various ways,
and the application of this procefs has received va-
rious names.- If the fubftances remain in the men-
ftrunm without warming it, it is called Joaking, or
maceration ; but if the extraction be affifted by a
modecrate heat, not reaching the point of boiling,
it is called diceffion. Another {pecies of extrac-
tion is Znfufion, where the menftruum is poured,
when hot, on the body under extraction. This is
- conveniently ufed when the body ‘contains -eafily

. {oluble or volatile parts, that would be loft on ap-

plying a heat of longer duration, or by boiling.
Laftly,
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Laftly, when the menftruum together with the
{ubftance, from which an extract is to be made, is
heated to boiling, the operation is called decoction;
and the extract thus obtained a decoction (de-
coctum, apozema); in which it is pot expected to
detain thofe parts that become volatile by the boil-
ing heat of the {olvent. '
S0

It is neceffary that the veflels wherein a fo-
lution of any kind is attempted, be not acted upon
by the folvent, and the folution thereby defiled,
The moft ufual veflels employed in fmall experi-
~ ments, for folutions in the humid way, are of
glafs varioudly fhaped. Such are matraffés, or
cucurbils (cucurbite); which, as to their fize, are
fubdivided into feparating, common, mafler, or
- large matrafes (cucurbite Jeparatorie, vulgares,
magifirales); and balloons, recipients, or receivers,
(excipula) ; befides phials (phiale)*, glafs cylin-
ders, or jars, and flafks, or bottles, Ufe is alfo
made of earthen pots and pans, manufictured of
common pottery, {tone ware, Staffordfhire ware, and
China ware, or porcelain. .When the quantities
are great, metallic kettles, or caldrons, and pots,
are employed; and in thefe the choice of the metal
depends on the nature of the menftruum.—Solutions
in the dry way (§ 74) are performed in melting

veflels, of which we fhall fpeak when treating of
fufion, - Sy :
ssd - Pl IV,

YOL. 1, e § 8o,
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§ 8o. ,

The folution is promoted by reducing the folvend
to fmall pieces; alfo by digeftion, by boiling,
by fhaking, and agitating the mixtures. In folu-
tions that are accompanied with effervefcence, the

body to be diffolved ought to be conveyed only by
degrees, little by little, into the folvent medium..

§ 81

A particular fpecies of folution is the [olutior
by means. of vapour (folutio vaporofz). To affift
either the partial or the total {olution of any folid
body, the menftruum is in this cafe, in an aif—tight
veflel, eonverted into vapour, and in this flate it
acts on the fubftance inclofed. By this manage-
ment the folvent is rendered more efficacious 5 be-
caufe, its vapours finding no means to efcape, it is
made capable of receiving a ftronger degree of heat
than in open veffels.. This kind of folution is per-
formed in Papin’s digefior (machina & digeflor
Papini} *; and thofe fluid menfirua are employed,

by which metals are not diffolved or otherwife
affected.
* Plate IV.- 'N.

§ 82.
If, in fuch fol'utiéns,Ath_e vapours produced by
heat originate from a ‘folid body, the partial or .
_total folution, which is the refult of that procefs,

-

A
i ¢ : 15
R
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is called cementation; and the fubftance, which
gives out the vapours, is named cementing-powder.
With this laft the body to be diffolved, divided, or
otherwife changed, is put by layers (firatum Juper
firatum) 1nto the cémente‘:zg-pot (pyxis cemen-
taria) made of fire-proof, baked clay; and in that
ftate expofed to heat.

§ 83
The deliquation (deliguium) of {ome’ concrete
{alts, which, on imbibing moifture from the air,
form with it a liquid folution, cannot be regarded
as a feparate {pecies of folution. Neither can the
folution of metals by quickfilver, or amalgamation,
be confidered as fuch.

Precipitation.

§ 84.

The recovering, or feparation of a bedy from
its folvent, by the addition of a third fubftance, fo
that thé former re-appear in a folid ftate, however
divided, is called precipitation. The {ubftance
thus recovered is called @ precipitate ; and the {uper-
added  body, that occafioned the precipitation, is
called precipitant. ;

- Examples.  Vide above, §49.

A § 8;3.
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§ 85

Precipitations are ¢ffeCted by virtue both of fim-
ple and double affinity. In the firlt cafe, either
the menftruum has a greater affinity with the pre-
cipitant than with the body diffolved, and for this
reafon, uniting with the former, throws out the
latter; or vice verfa, the diffolved body poffeffes a
greater affinity with the precipitant than with its
menftruum; and, therefore, parting from the latter,
forms with the precipitant a powder infoluble in
the folvent medium. : ;

§ 86.

It follows from this, that the precipitates, though
obtained from the fame folution, may be various;
and it is poffible to precipitate a body from the
very fame menftruum in a great variety of forms,
accordingly as we choofe to employ different pre-
cipitants. :

7 § 85.

Precipitations are alfo, like the folutions (§ 74)
fubdivided into precipitation in the humid and in
the dry way. .

§ 88.

Every -precipitation is performed by means of
affinity, either fimple (§ 48), or double (§ 50);
and there are, in the firi& fenfe, no Spontaneous

precipitates ( precipitationes [pontanec, Jpurie) as
they are fiyled by fome,

Fufion,

- =
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Tufion.

§ 89.

‘The aétion of fire, or, more properly, of ca-
joric, on fohd bodies, by which thcy are caufed
to pafs into the Rate of fluidity, is called fufion;
and a body rendered liquid by fire is faid to be in

Sufion, to flow, to melt.

$ g0

From what has been faid above (§ 24, 28)
of the difference between folid and fluid bodies, it
foflows, that the altive expanfive power of the
caloric is the principle or true caufe of fufion; fince,
by combining with the {olid {ubftance, it diminifhes
and deftroys, in a high deggee, the attrative force
of its particles.—The fluidity of all liquid bodies, we
know at prefent, is merely derivative, and the effe&
of the influx of caloric. (§ 33.)

§ o1.
if we attend to the different ftrength of the
attractive power which the partlcles of fubftances,
fpeuﬁcally different, exert on ene fide amongft
themfelves, and on the other towards the caloric,
we find no ground to wonder why fome bodies re-
quire a lower, others a higher, temperature to be
fufed; and that it is poffible to meet with fome
bodies, which, at any degree of temperature, we
hitherto know in our atmofphere, continue in the
F3 liquid
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liquid ftate. According to ‘the \fariqus ‘degrees of
fufibility, bodies are difcriminated into refractory,
or of difficult fufion, which require the utmoft
violence of fire to be melted; and fimply fu/ible,
or of eafy fufion, that will flow in lels heat; yet
the limits between thefe have not yet been afcer-
tained by any fixed {cale,

§ o92.
Some mixtures melt with greater eafe than the
fingle {ubftances of which they are compofed.

As for inftarice ; the folder of the tin-men, Mr. Rof’s
metallic mixture, (of z parts bifmuth, 1 lead, and
1 tin) that becomes fluid"even in boiling water.

§ 93
Some bodies cannot -be rendered fluid by any
degree of heat which we are able to produce.—
Thele are called infufible, apyrous, fire-proof,
Several of them may, however, be fufed by adding
other bodies, which on account of this property are
called fluzes. Such addition is called at the fmelt-
ing works, drefling of the ores. It is worth remark-
1ng, that fometimes thefe additions are of themfelves
infufible. :
S 94. :
The true fufion ought not to be confounded
with the meiting of fome falt cryftals by heat,
The Jaft is caufed by the aqueous particles contained

n
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in them diffolving the falt at an increafed heat,
which they.cannot at a weaker. (§ 76.)

§ 95

When melted bodies by a mrcurnambmnt me-
dium of a lower temperature, are deprived of fo
much caloric that the original attrattive forces of
the bodies of which they are compounded acquire
again the degree of intenfity requifite to produce
the form of folidity; or when, by this lofs of caloric,
the native attraction among the furfaces of the pri-
mitive molecules becomes again active, they con-
«rete, or congeal. '

§ 96.

All bodies muft, in confequence of the explana-
tion given (§ go) of fufion, afflume in fufion
1 greatér volume than that which they had in
their former ftate of folidity. This is in every re-
fpect confirmed by experience. The exception
which fome boales, as ice, bifmuth, antimony, ful-
phur, feem to make, may be eafily explained by
the cryftallization of their parts on concreting.

§ 97.

Since no folution takes place without liquidity,
'§ 73.) fufion. becomes one of the moft ef-
_ectual operations for folutions and precipitations
n the dry way (§ 74, 87). Fufion is, befides, of
mportance in fepara.tmg heterogeneous parts fimply

‘ F4 mingled
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mingled (§ 4, 5) by means of their different de-
“grees of fufibility; as alfo by the circumftance, that
various fhapes may be given to bodies by cafting
them into moulds, while in a fluid ftate.

§ o8.

Fufion is fometimes performed without any veffels
at all, and then in fmall quantitics, by the flame
of a candle or lamp, with the afiffance of the
blow-pipe ; but, in larger quantities, by placing the
bodies to be fufed amongft the coals in a melting-
Jurnace. At other times, the operation 1s done in
veffels, {ubjeCted to the requifite heat, in the
furnace.,

§ 99

When the &low-pipe (tubus ferruminato-
rius) *, made of glafs or metal, is employed, the
air compreffed by the mouth is direted on the
flame ; and the heat, by that means increafed, is
communicated to the {ubftance to be fufed, which
, general]y refts on a fupport, in a cavity made in a
lump of charcoal. The apparatus by which the air
is made to fiream through the blow-pipe, by means
of double bellows, renders this ufeful inftrument
capable of being employed by perfons whofe weak
lungs do not permit them to continue the blowing
long, or who are not fufficiently fkilled in its ma-
nagement. Laftly, the heat of a lamp-flame may
be raifed to the higheft degree, by conduéing
oxygen
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oxygen gas _(vitai air) -through the blow-pipe, by
means of a peculiar apparatus .

# Plate I, Fig. 6.

t+ A defcription of an apparatus fuitable for that par-
-pofe, together with a pocketr-laboratory, is given by
Magellan, in his Appendix to Cronfled’’s Mineralogy.
‘Buch apparatus was fold by Mr. Brewwn, bookfeller,
Effex-fireet, Strand.—As the a&ion of the blow-pipe
will be oftener mentioned, it is to be obferved here,
once for all, that the flame of the candle or lamp
urged by it confifts of a neat luminous blue cone, fur-
roanded by another of a white and more faint ap-
pearance, and that the firongeft heat is at the poinr of
the inner flame.~—Edit,

§ 100.

In {inelting-houfes, the fufion without veflek
is performed in a very fimple way, by placing
. the f{ubftances to be fufed immediately betwixt
burning charcoal in the melting-furnaces. In thefe
the fufion is urged by bellows; and they are of
various conftructions, to fuit a variety of purpofes.
Hence alfo they have recgived different denomi-
nations,

§ 101,

Other kinds of fufion, efpecially in {inall quan-
tities, are performed in veflels of various fhape
and materials. Their moft effential properties are,

their being infufible at any degree of heat re-
x quired
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quired for melting the bodies to be fufed in them ;
and, befides, their infolubility in that body when
melted.

The moft ufual melting-veflels are crueibles
(cruczbula) *, manufattured of refractory clay and
fand; the moft pe&fe& of which are made at Grof~
Jallmerode and Ellrode in Hefle. Some of them
are larger, and prefent, on being cut acrofs, cir-
cular outlines; others ‘are finaller, called fet-cruci-
bles, becaufe they are of different fizes, to fit into
one another like fets of chip-boxes, and have a
triangular top.  In fome cafes, iron or filver cruci-
bles are employed. Thofe of Ips in Upper Auftria,
or of Hafnerzell near Poguu (black-lead crucibles),
confift of black-lead and fand; they are made of
very different fizes, and are very durable under
every change from heat to cold, but improper for
melting many faline fubftances,

_We do not as yet poflefs melting-veflels that in
every refpect have the qualities mentioned above.—
Crucibles made of plating would, however, in many
cafes, remedy this inconyenience,

* Plate I. Fig. 3. 4.=~Crucibles, of both the Heffian
+ fort and black-lead, as allo portable furnaces of black-
lead, are manufaftured near this metropolis by Mefirs,
Pugh and Speck; Booth-ftrect, Spitalfields, and the
late Mrs. Hempels, King’s-road, Chelfea.—Ed.

e

% § 102,
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: § 102.

For the melting of ores in {mall quantities for-
docimaftic purpofes, afuying-crucibles (the pro-
birtuten of the Germans) * are employed, made
of the fame materials as the, earthen ones. They
have, ‘in their inner cavity, the form of a double
cone; bellying out in the middle, and contracted
at both ends, and a proper ftand is provided for
them.  Another fpecies of thefe are the clalice-
Jorm crucibles (kelch-tutten of the Germans).  The
Jeorifying tefls (anfiedfcherben of the Germans) and .
capfiles, likewife belong to this place. *-

* Plate L Fig.s.

§ 103..

The melting-veflels are placed amongft  live-
coals, either in a fimple wind-furnace®, or, if they
contain refractpry fubftances, in a melting-furnace,
properly (o called, whofe ftrength of action depends
on the ftrength of the current of air, caufed by its
peculiar conftru&tion; or alfo on a fargc;hear'tlz,
before the nozzle of the bellows, in which cafe the
effe® of blowing, and hence the heat, is increaled,
by weights laid on the bellows. The larger earthen
crucibles muft not be heated or cooled too fud-
denly; nor thould they be placed on the bare grate,
but on a ftand or fragment of a brick; and like-
wife the cold blaf, or guft of air ftreaming from

the
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the bellows, thould not ftrike them directly while
red-hot, or elfe the cold air, coming in contact, will
make them burft. :

*# Pott has conftruted an excellent portable melting-
furnace, in imitation of that of Becher in his Tripode
Hermetico, page 32; to which the editor wifhes by
this note to turn the attention of chemifts. It is con-
fructed of wrought-iron, coated in the infide with
raw clay and brick-duff, worked yp with bullock’s-
blood. He increafes the current of air, and confe-

-~ quently the intenfity of heat, by means of a pipe

i fimilar to that delineated Plate I. relating to the

wind-farnace, conveying cold air to the afh-pit from

f without the window of the laberatory. By this fur-

g nace Pott fufed Oriental and Bobemian garnets, and

even hyacinths, in two hours, which could not be

fufed in porcelain fire continued for feveral days.—

Sce Pote’s Lithogeognofia, Part IL.

e s
8 .

_ § 104.

The docimaflic, or afaying-furnace ( furnus
docimayiicus) is ufed when fmall quantities are
to be fufed under the muffle, which is an earthen
“eife, in figure half-cylindrical, open an the front,
clofed behind, provided with a bottom and fide-
apertures. The ufe of ‘the muffle is, to put under
1t in {mall veffels, called afaying-tefis *, or cupels,
fach bodies as are to be fufed withont being fe-
cluded from the accels of air; but muft be pre-
vented from being defiled by coals or afhes.

o * Pl‘atc L. Fig. 2.——Thefe are not to be confounded
with the fcorifying-tefts. (S. 102.) The cupels are
fmall faucers, from z to 3 inches broad, made of cal;

cined
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_cined bones. and wood-athes; the furifying-tefls are
about half a foot broad, and made of mere elixated
wood-afhes.—See Plate II. Fig. 11. M.——Edit.

§ 105 :

Fufed bodies are either fuffered.to congeal. in
the melting-veflels, or they are poured into the
cavity of a warmed flone, or in an inverted metallic
cone (conus fuforius), or in wngots (lingo). In
thefe laft the fufed metals are fuffered to congeal
in the fthape of roundifh oblong mafles, called pigs,
or of bars; orelfe fufed bodies are caft into moulds,
to receive a particular figure. To the inftruments
for fufion already mentioned  are to be added, iron-
peels, flirring -hooks, beaked-tongs, cupel-tongs,
common - tongs, _lifting -tongs, pincers, fweezers,
nippers, &c. '

Ve olutilization.

§ 106.

The tran{mutation of folid bodies into fluids
1s not the only change of form produced by ca-
loric; but this principle, if combining in greater
proportion, is alfo capable of reducing many of
them into the flate of claflic or expanfible fluids,
into wapours, and into gafés. To expofe a fub-
{tance to the influence of caloric for the purpofe of
converting it into an expanfible fluid, into vapour,

or
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or gas, is termed volatilizing ; and thofe fubftances
are called volatile which by heat may be transformed
into wapours, or to a fpecies of air.

§ 107.

- It is likewile by the expanfive power of caloric
that all vapours and kinds of gafes are formed.
Their expanfibility is'only derivative; and every one
of them may be looked upon as a combination of
a bafis not expanfible of itfelf, with calorlc, which
is expanfible Dy its own nature.

§ 108.

But there is this difference between the va-
pours and gales, that the firft lofe their elaftic'form
by compreflion, or by cold, and are thus decom-
pofed ; while the gafes undergo no fuch change by
thefe caufes. Any fubftance of a lower tempera-
turc may again decompofe the vapour, by depriving

. 1ts bafis of the caloric. The bafis, which is thus
parted from the'vapour, and on its decompofition
becomes again perceptible; is on account of the
great. volume to which it was before diftended, in a
ftate jof the mofl fubtile divifion; and in this ftate
it exifts, either in the remaining part of undecom-
pofed vapour, or alfo in the air, forming fimoke or
Jog. Yet this is no longer a vapour, and is wrongly
called fo; on the contrary, it conflitutes a folid or
liquid fubftance, in the ftate of a moft minute di-
vifion, '

§ 10g.
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§ 109.

In the attual formation of VapouTs - the atmo-
Apheric air has no fthare at all; it is rather, by its
preﬁ'ure, an impediment to ity or it is the occafion

that a greater quantity of caloric is neceflary to re-
duce, at an equal temperature, a determinate quan-
tity of the bafis into the very fame elaftic form as
the air poﬁ'eﬁ'cs, and, befides, to deftroy the at-
~tractive powers of the fubftance, which had been
increafed by the preflure of the air (§ 34). Ina
“vacuum, therefore, (or fpace exhaufted of air) eva-
poration is more readily accomplifhed, and at a
lower degree of heat, than when a ponderous elaftic
fluid prefles on the body to be evaporated.

§ 110,

The atmofpherical air may, indeed, diffolve the
vapour that is forming; however, the formation
of a vapour is not a folution of its bafis in the air.
Hence the diftinétion made between real evapora-
tion and natwrel exhalation is not fupported by
nature; nor can it be proved. Every exhalation 1s
tather a regl evaporation, which at a lower tempera-
ture goes on more flowly and in {maller quantity,
merely becaufe its bafis then requires a longer time
before it can receive and abforb fo much caloric as
= neceflary to form with it a fluid, equally elaftic as
the air,

AT Vg
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Sy i3

To the volatile (§ 106.) are oppofed the fized
bodies (corpora fixra) which refift volatilization
in the fire, or which do not admit of being con-
- verted into elaftic fluids by caloric. The efficient
caufe of this property confifls, doubtlefs, in the
greater intenfity of the attra&ive powers of their
parts to each other, and in the lefs affinity they have
with caloric. Many fubflances that are fixed by
their own nature, may neverthelefs be volatilized by
the affiftance of other volatile fubftances, with which
they chemically combine and rife together. This is
termed co-volatilization.

§ 112,

Volatilization is a chemical expedient to fe-
parate volatile from fixed bodies, or even to part
volatile {ubftances from each' other, if their vola-
tility be of unequal degrees. When liquid mixtures
are expofed to the action of heat, for the purpofe of
feparating the fluid menftruum from the lefs vola-
tile, or from a fixed body diffolved in it, the pro-
cefs 1s called cvaporation.

§ 113, :
Evaporation is accelerated by increafing the
heat, by facilitating the exhalation of the vapours
already formed, by enlarging the furface of the
body to be evaporated, and alfo by agitating and
ftirving the liquid. 2t
‘ ‘ - Difillation.
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5 . Difiillution.

Ll |

_ § 114. :

When the vapours rifing in volatilization by
fite, which otherwife would difperfe in thesopen
air, are direCted into a colder place, they lofe their
elaftic form, as they are by that means robbed of
their caloric. Their bafis then feparates, and forms,
according-to its various nature, cither a liquid or a
Jized fubfiance. In the firt cafe, the procefs is
called difiillation; in the {econd, fiblimation.

§ 113,

It is of little moment to difcriminate the hu-
mid from the dry diftillation. The. matter to be
diftilled is a liquid in the former; but in the latter
it is a folid fubftance; and in both. cafes a liquid
produc is formed by the a&ion of fire.  The firlt
has likewife, in confequence of the different pur- °
pofes intended by it, obtained the particular names
of abfiraction, cohobation, rectification*.

* Abfiraition is particularly ufed when a fuid body is
again drawn. off from the folid, which it has dif
folved; cobobarion, whep a diffilled fluid is poured
afrefh'upon a fubflance of the fame kind as that upon
which it was diftilled, and drawn off again, and this
repeatedly, to make it more efiicacions; redi ification,
when {piritucus parts, coming firft over, are fepa-
rated from the aqueous by diftillation. —Analogous-to
this is depblezmation, or diftilling over the aqueous

WBLI A - part,
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part, including concentration; Whiéh, with refpedt to
~ acids, is frequently done alfo by evaporation or boi}-
.ﬂlg..-—‘Ed- ¢

Former denominations of certain produés obtained by
diftillation: Jpirit, oil, butter, phlegm, caput mortuunt

§ 116.

By dijilling apparatus are meant the inffru-
ments ufed in diftillation; and they are accord-
_ ingly, as the heat employed, or the produ&t ob-
tained by this procefs is different, conffrudted in
various forims, and of various materials. Humid
 diftillations; in which the requifite degree of heat
does not {urpafs that of beiling water, are performed -
in the common flill (vefica), ufually made of cop-
per; and in the diftilling-furnace ( furnus vefice)*.
The vapours rife through the alembic, head, or
capital (alembicus, capitulum), and pafs obliquely
Into its meck. ‘This alembic is either of tinned
copper, or of pure tin, and in many cales very
conveniently made of ftone-ware.  Such alembics
as are provided with an infide gutter, are preferable
to the common ones. Concerning thefe Mefits.

Wefirumb and Neuenhahn have propofed fome ad-
vantageous alterations.

s ; * Plate V, Fig. 1.

Chaptal Elements de Chymie, Tome 3. Seét. 5. Chap. 6.
Art. 1. has made an improvement on the common
. #ill, by making its bottom in fome manner fpherical

Y (bombe),.
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(bomb?), that the fire may equally ftrike-on all parts,
and by makmg it wider than it is high. By this the
furface is increafed, and hence the evaporation fa-
cilitated. Befides, the fides of the fill are upnght
like a cylinder. He alfe gives it a very wide neck.

The head he employs is of a conical form, whofe
fides make with the bafe an angle of 75 degrees; as
he found by experience, that the water naturally
funs down along the fides of fuch inclination. A
little under the conveying tube of the head there is a
fmall proje@ting gutter. In this manner no drop of
the liquid, condenfed in the head, falls back into the
ftill. —Edit.

BT g

To decompofe the vapours pafling through the
alembic, - to feparate and to colle@& their bafis
when parted from its caloric, cooling-utenfils (re-
Jrigeratoria) have beeri devifed. Either the neck
of the alembic joins with the worm, in the cooling-
tub* filled with cold water, or the alembic itfelf 1s
united to and furrounded by a veffel full of cold
water. This laft is then called Black-a-Moor’s-
head (caput Fthiopis) +-.

* Plate V. Fig. a.

+ This laft fpecies is inconvenient, as the water £rows
warm too foon and too often; fo that the condenfa-
tion of the vapours is impeded. The remedy afforded .
by renewing the water is troublefome; and, if neg-
lected, endangers the fpoiling of the produét.—Sece
Plate V., F1g 1501 7 B

G2 § 118,
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i o ST :
. proper inftruments  for dlf’nllmcr fluids_ of
‘ea:y volatilization are glafs-matrafes (§ 479) with
~an alembic or head of the fame materials *. “This
alembic 1s 2lways provided with a gutter: in it the
vapours, refrigerated by the external air, are de-
coml,oied or deprived of part of their calorie, and
onverted mto a liquid, which pafies through its
ﬁeck into the receiver (excipulum). The matrafles
are lodged in a fand or water-bath (§ 63, 64).

* Plate IV. Fig. D.

The pelican of the ancients. (Plate IV. Fig. F.) Fafs
" .de venconire of the French,

§ 119. ;

The diftillation by means of a common fill,
or matrafs, with their heads, (§ 116, 118) has been
denominated the direct or afcending  difiillation
(dz;/?i!!m'z'o recta per afcenfium), in oppofition to the
obligue by inclination, or lateral (deftillatio obliqua,
per lalus), and the downwards acting, or defcend-
ing diftillacion (deftillatio per defeen rw:), which is
at prefcnt feldom ufed.

§ 120
- Oblique diftillations are performed in reforts
of glafs, potter’s-clay, or iron. With this view,
the firft are placed in a fand-bath; the two lat-
ter omes are - brought Jm -immediate contadt with
: - the
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the fire; though' thls is likewife done with giafs-
retorts, after they ‘have been armed, or coated*.
Such retorts as have a hole dnlled in their upper
convexity, which may be clofed by a {topper, are
fiyled tubulated retorts. (Plate IV. Fig, B.)

* Windfor loam, or a mixture of {and and clay, well
worked with water and cow’s-hair or horfe-dung, te
the confiftence of a pafte, 15 laid upon the veffel in
fucceflive thin coatings, ‘the preceding being firft
{fuffered to dry before it is covered with a frefh layer.
By this the retorts are defended from lofing their form
by the violence of fire, and from cracking by the
fadden variations of heat and cold.—Ed.

§ 121.

In diftillations with retorts, inftead of receivers,
cucurbits or matrafles are employed; and then
either the neck of -the retort is immediately in-
ferted into their aperture, or the retort is otherwife
combined with: them, by means of -an intermediate
vellel, ealied adopter * (tubus intermedius). ' There
is no particalar cqoli'ng-_apparatus ufed in this cafe.
A reverberatory furnace, wherein feveral large iron
or earthen retorts may be pl wed at once, goes by
the name of galley-furnace.

~ * Adoptersdiffer from the aludels ufed in former times in
,the fublimation of feveral fnbﬂam:es. They were
_hollow fpheres of flone, or carthen-ware, with a
fhort neck projedting at each end, by means of which

one globc might be fet wpon the ether. . The upper-
63 Pt ol
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moft ‘had no opening at top. The adgprers are tubes
growing narrower at one end, from half a foot to
> three long, and open at both ends. The aludels were
fet upright; the adopters are joined in a collateral
oblique fituation. (Plate IV, Fig. K. L.)—Edit. -

4 Chemifts have alfo made ufe of the fuggard’s-furnace
{athanor), by which {everal operations may be carried
on at once in various furnaces, joined together in the

- building, and the heat kept on for a confiderable
time without attendance. The contrivance confifts
in a high tower, cantaining a quantity of fuel, and
from which the fire may be difiributed into all thofe
different furnaces. The curicus reader will find a
full defeription, with a fufficiently detailed engrav-
ing of this apparatus, at the end of Wiegleb’s General

Syflem of Chemifiry, tr:mﬂated by Dr. Hopfer, 4t0. Lond,
1789.—Rdit,

§ 122,

- The jun@ures of the diftilling-veffels are clofed
with various lufes or cements (luta) accomma-
dated to the nature of the-produts (defillata)
thereby obtained. If they be aqueous, fpirituous,
or oily fluids, a wet bladder, or wheaten- -flour-pafte
fpread on flips of paper or linen, are found con-
venient. The refidue of almonds (pafte of al-
monds) from which the oil has been expreffed,
mixed with water, affords likewife 2 very good lute.
If the fubftances be acid and corrofive, or if they
be fuch as demand a ftrong heat to be diftilled,
lutes made of plafter and water, or of quick-lime
and WhltCS of eggs, or of clay and loam, or of

g]azn:r S
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"g-lazier’s pﬁttyl (linfeed-oil and whiting worked and
beaten up to a thick pafte) are required.

S 123

If in diftilling, together with other fubftances,
there are aeriform fluids or gafes produced; in
that cafe, the joints of the diftilling-veffels muft
not be entirely clofed, or the gafes extricated in the
beginning muft be firt f{uffered to efcape through
an hole drilled 1n the receiver. This purpofe is beft
anfwered by Mr. Woulfe’s apparatus, and by the
giftilling apparatus of Mr. Lavoifier*.

* A delineation and explanation of this is given
Plate VI.

§ 124
- The method of diftilling per defcenfum (§119) *
is at prefent no longer reforted to by chemifts.
The extra&ing of tar from firs, and the feparating
of quickfilver, after Born’s manner, may ferve as
examples.

* An inftance of this is the method recommended ‘by
Macguer for obtaining the oil of lemons, oranges,
cloves, nutmegs, &c. He places them between fine
linen; and if they be of a dry and hard nature, as
the cloves, he expofes: them to the fleam of boiling
“water. The lmen, together with their contents, are
then funk nearly half an inch deep into the orifice
of a cylindrical glafs, which is placed in a larger
veffel holding cold water, reaching to half the height -
of the former. A hollow lid of copper or iren,

. ? [ s clofely
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clofely fitting, by an under rim into the inner apera
ture of the glafs-cylinder, is put on. This capfule 1s
firit filled with hot afhes, upon which fome pieces of
charcoal are afterwards kept Burlﬂing._ﬂfacf:afr’s
Elem. de Chymie Pratigue,” Tome II. Chap. 4. Proc. 4.
—Rldit.

-

Pnewmatic Apparatus.

8 125

The difcovery of aeriform fluids has, in mo-
dern chemiftry, occafioned the neceffity of fome
pecuiiar inftruments, by me.ms _of which thofe fub-
ftances may, 1n difu! latlons (§ 106, 123) folutions,
(§ 73) or other operations, be caught, collected, and
properly managed. The propeminftruments for this
are ftyled the pnewmatic apparatus.

§ 126.

Any kind of air is {pecifically lighter than any
liquid; and, therefore, if not decompofed by it,
_7ifes through it 1n bubbles. On this principle refts
the effential part of the apparatus adapted to fuch
operations. ~ Ifs principal part is the pneumaﬁc—

- trough, whichis a kind of refervoir for the liquid,
tnmurh which the gas is conveyed, and caufd to
rife, and is filled cither with water or w1tn quick-
Jilver *.  Some inches below its brim an hor1zonta}
thelf is f:l ‘ened, in dimenfion about half or the

third part of the width of the trough, and prosided
: on
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onits foremoft edge with a row of holes, into which,
from underneath, thort-necked funnels are fixed.
The trough is filled with water, {fufficient to cover
the fhelf to about the height of an inch. . The ufe
of the fhelf is to fupport the receivers, which, being
previoufly filled with water or mercusy, are placed
invertedly, their open’ end turned down, upon the
above-mentioned holes; through which afterwards
the gafes, conveyed there and dire@ted by means of
the funnels, rife in the form of air-bubbles.

# See Plate V. Fig. 2. and 3.

e :

In fome cafes the trough muft be filled with
quickfilver, becaufe water decompofes fome kinds
of air by abforbing their bafis. = The price and
pecific gravity of that metal make it neceffary
to give to the quickfilver-trough {maller dimenfions.
It is gither cut in marble, or made of wood well
joined. The late Karflen has contrived an ap-
'paratus, which, to the advantage of faving room,
adds that of great conveniency

§ 128. :
To difengage gales, retorts - of glafs, either
common or tubulated, are employed, and placed in |
afand bath, or heated by the fire of a lamp. Earthen

or coated glafs-retorts are put in the naked fire.
' , | If
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If neceflary, they are joined with a metallic or glafs-
conveying pipe*. When, befides the aeriform,

other fluids are to be colletted, the middle or inter- .

‘mediatc bottle finds its ufe; and to prevent, after
cooling, the rifing of the water from the trough
into the difengaging-veflels, the fube of fafety is
employed. For the extrication of gafes taking
place in f{olutions, for which no external heat is re-

quired, the bottle called . difengaging-botile, or

proof+, may be ufed.

* See Lavoifier’s apparatus, Plate VI,

+ Plate IV. Fig. G. H.

§ 129.' :

For receivers, to colle the difengaged airs,
various cylinders of glals are ufed, whether gra-
duated or not, either clofed at one end, or open at
‘both; and, in this laft cafe, they are made air-
tight by a ftopper fitted by grinding. Befides thefe,
glafs-bells and common bottles are employed. :

&

The mof advantageous manipulations on extricating,

colle@ting, and managing the feveral gales, are beft
fhewn by aétual experiment. -

Y

; § 130.
To combine with water, in a commodious way
fome gafes that are®only gradually and flowly ab-
: ' forbed

3
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forbed by it, the glaﬁ-appdratzzs of Parker is
{erviceable *

* Plate V. Fig. §.—De¢ Vigne has fovented a new apparatus
for impregnating waters; of which is given an exact
account, and neatly-engraved plate, in Zi/lock’s Phi-
Lofophical Magazine for June, 1798.

Sublimation.

§ 131.

When vapours, or bodies, volatilized by heat,
condenfe again by cooling into a folid bedy,
- fublimation (§ 114) takes place. In many cafes, to-
gether with the fublimation, diftillation is com-
bined,

§ 132.

Mo& of the diftilling-veflels are applicable
to fublimation; and the procefs is conducted in
matraffes with their alembics, or in retorts and re-
ceivers. For {mall quantities, common medicine-
phials are frequently made ufewof, and for this pur-
pofe fet in the fand of a crucible- bath, (§ 83) in fuch
a manner, that the body {ublimed adberes to their
prominent and cooler part. In particular operations
fpherical glafs-veffels and ba.lloons arc employed.

The
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The {ubliming parts, or aludels *, as they are called, -
are at prefent out of ufe. No peculiar refrigerating-
vcﬁ”els are ufed in {ublimation.

# Plate IV. Fig. K. Confult note to121.—Ed.

§ 133.
Sublimations in the manner of Geber, or Glauber,
are performed with a free accefs of air. The -ad-
hering of the foot “on our chimneys, the makmg
of lamp-black, the gathering of white arfenic in the
-proper flues ( poifon-how/fes), and the preparing of
zinc-flowers, are various inftances of this procefs.

§ 134
If the body fublimed prefent itfelf in the form
of a {olid, hard, concrete mafs, it is called a7 fub-
fimate in the ftriGter fenfe of the word; but it
has the appellation of flowers (flores) if it be of a -
porous, loofe texture, and befides of a pulverulcnt
appearance.

Chemical Infiruments,
- e 2 %

Balances.  Weights, &e.

§ 13
Beﬁdes the tmplementu hlthcrto mentioned there

are others in ufe, which may be beft explained

3 when
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-when treating of the particular proceffes. Several
others require no defcription. To this elafs belong
bottles of. glafs, or eurthen-ware, of various fize
angd figure, and deftined to preferve a variety of
fluid matters; fugar and powder-glafes, flone and
wooden-boxes, and chip-bozes, for {olid fubftances;
metallic and glafs-funnels, [eparatory-glafes and
Junnels *; cutling-rings, levers, {mall glafs-fyringes,
Jpatulas of wood, ivery, and metal; metallic fpoons
of different magnitudes, gla/s-tubes for ftirring, and

the like.
* Plate TV. Fig. M. O.

§ 136.

Befides thefe, fome phyfical infiruments are of ab-
folute neceflity to the chemift. Among the latter
are good barometers and thermometers, whole va-
rious fcales ought to be well known; good areo-
meters and hydrofiatic balancés; an air-pump, with
the neceflary implements; a pretty large burning-
lens; load- flones, or mag?w‘[s; microfeopes; and,
laftly, an electrie-machine. :

§ st
Finally, of all the chemical apparatus, balances
and weights are the moft neceflary. The former
" muft be procured of various fizes; and it is obvious
that they fhould be very exa®, and very fenfible.
‘Thefe properties are more efpecially requifite in the
' docimafic
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docimaftic-balance, in the ufe of which careful re-
gard muft be had to the fenfibility and length of
its beams.

Nicholfon has very-ably treated on the conftru@ion, ufe,
and feveral fpecies of balances, in his Firft Principles of
" Chémifiry, 8vo. Lond. 1796.~Editor.

§ 138.

The chemift cannot difpenfe with being tho-
roughly acquainted with the various weights and
their fubdivifions. To compare thefe with one
another, the normal, or Sandard-penny parts of the
Cologne mark-weight are very commodious. The -
German chemifts ufe moft commonly the medicinal
weight of Niuremberg. In commerce the pound is
eftimated at fixteen ounces (133898 St. P. pts.);
but in medicine only at twelve ounces. The ounce
15 divided into eight drachms; the drachm into
three {cruples; the /cruple into twenty grains,

The editor was at a lofs, in what thape to infert this and
the following three fetions; whether to reduce them
all at once to the Englith, or to the former French
weight, which laft is repeatedly mentioned in this
work., After fome hefitation, he refolved to leave
them as they are; becanfe they ferve asa comparative
flatement of the feveral weights in ufe, with regard
to the German, not much known in this country ;
and becanfe their compari{on with the French is'met .
with almoft in every book, He will only add their

value
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value in Englith weight, yet negle@ing very fmall
and infignificant fradtions.

Thus, according to Krufen’s Hamburger Contoritt, 71 Ib.
or grains, Englith Troy aveight, are equal to 741b. or
grains, German apothecaries aeight;

: and

t ounce of the Nueremberg medicinal weight is'= 7

drach. 2 fcrup. g grains Englith ditto.

§ 13

Accounts are alfo made by the Cologne mar/{-
toeight, where the pound (131072 St. P. pts.) is di-
vided into two marks; the mark into fixteen loths,
or half-ounces; the loth into four quentchens, or
drachms; the quenichen into four pennies; and the
penny 1nto 256 normal, or _/Zandm'd penny-parts ;
though likewife in 17 ¢/chen. ¥

This divifion takes its origin from the Regulation of the
Mint by Emp. Charles the V. 15243 and by it all
very {mall weights of ‘gold and filver are afcertained
in Germany.

In a grofs way, 829lb. Colegne are equal to 10381b.

Englifh Troys
and
1 mark Cologne = 7 ounc. 2z dwt. 4 gr. Englith Troy.

§ 140.
By the French Tvoy-weight, or poids de marc,

_ the pound (137438 Stand. Pen. pts.) is divided
into
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into ﬁxteen'oﬁnces; the ounce into eight ,grds, or
drachms ; the gros into three deniers, or fcruples:
each denicr into 24 grains. A grain 1s farther di-
vided into 24 carobes.

In a grofs way, according to Kru/é, 792 French Ib. goids
de marcy'are equal to 1038 Englifh 1b. Troy;
~ and :
11b. French Troy-weigﬁt of 16 ousces is equal to 1lb..
3 ounc. 15 dwt. 3 gr. Englifh Troy. :

th this French weight thofe of other counntries are
compared in moft books of Natural Philofophy and
Chemiftry. But as there generally prevailed a great
variation in thele comparifons, Zéller has compared
the moft exa& ftandard-weights of many European
: countries with the flandard-marc, in the Pile pre-
ferved at Paris, and called Poids de Charlemagne. He
has publithed the refalt of ‘his refearches in the Me-
moires de I Academie des Sciences for the year 1767. < His
ftatements may, by the exa&nels and fenfibility of the
balance, he ufed, and by the induftry of h1s exertions
be depended on: for accuracy.

Of late, quite diEeren_t weights, as well as meafures,

~ have been introduced in France. As it would be too
long to explain them here, the reader is referred
to Nickelfor’s Piyfical and Chemical, Fowrnal, Vol. L
P- 193, and p. 332, where a table is given for re-
ducing the anities of -the meire or length, Jitre or ca- -
pacity, and grammg. or weight, to Englith: iuches, gﬁf'
lons, and grains.

Of

e
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Of the Duich Troy- wezght the pound (1 37970
St. P. pts.) contains fixteen ounces; the ounce 20
engels; the engel contains 39. aafes. . :

In ,a;grofs way, 787 Dutch Troy 1b. 4are equal to 1038

‘Englifh ditto;
and :
11b. Dautch Tmy is = 11b. 3 ounc. 16 dwt. " gr,
Englifh Troy. ' . :

By the propertions given in thefe notes, it is eafy to re-
duce the German, French, and Dutch weights to the
Englith, and wice werfa, by the fimple rule of three.

In the Englih Troy-weight the pound weighs
(104688 St. P. pts:), ahd is divided into twelve
olinces; the owice into twenty penny-weights,
marked dwt.; the penny-weight into 24 graihs;
-the grain into twenty mites.

Theé pound of the Englith apothecaries is the fame with the
Englith Troy weight; only the fubdivifions of the
ounce are different.  This laft is by them divided into
8 drachms; the drachm into 3 fcruples; the frruple
into 20 graims: making in either f{ubdivifion 480

_ grains, each of equaf weight for the ounce. By thefe

. medicinal preferiptions are prepared; buf the drigs
are bought and fold by -the common Avoirdupoife

~weight,

.- 'Fhe gf«wira’uyozyé weight has 16 ounces m the pwm"{, and
the aunce is divided into 16 drachms.

11b. Asirdupoife is equal t0 14 ox. 11 dawts 15% gre.
Tr.gy.

U VOL. T, s H o §14‘1.
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§ 14}.

Gold and ﬁher are commonly wcxghed by the
mark of Cologne. When gold is weighed, the
mark (63536 St. P. pts.) is divided into 24 carats,
and the caretinto 12 grains. When filver is weighed,
the mark is divided into 16 loths; or half-eunces ;
the lofh into 18 grains.

The fame proportion holds good with any fmall portien
of metal; oné ounce, or a drachm, for inftance.
Hence the expreflion of gold of 2t carats denotes, that
in a compounded inetal there are 21 parts of pure
gold, and 3 parts of another alloyed metal in 24
parts; whatever may be the abfolute weight of the
compound. In a fimilar way the expreflion of filver
of 16 loths is to be explained.

In England, gold and filver are weighed by the Troy
weight, (§ 140) and the cunte of fandard gold for
coinage, &c. confilts of 2z carats of fine gold, and 2
of copper.—The pound of flandard filwer is 11 vz, 2

* dapts. of fine filver, and 18 dwrs, of coppers

§ 142,

The docimafiiec, or affaying - weight, is a weight
proportionally reduced to fmall quantities ; fo that,
for inftance, one ounce may ferve in liew of a cen-
fener, ot quintal, or hundred pounds (marked o, )
The proportional divifions of that ounce will then
give' pounds, ounces, drachms, grains, &c¢. In
Germany the dqcz'maﬁic centener, or cwf, is ufually

of
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of the fame weight, as the drachm, or quenichen
{ro24 St. P. pts) of the Cologne mark-weight.

§ 143 :

The quanfitics_- of fluid matters, whenever exact-

nefs is required, which always ought to be moft

carefully attended to- in chemical enquiries, thould

never be determined by meafure, but merely by
welght..

The meafuring of fuids may, in fome few cafes, be
allowed; but then it fhould be always mentioned for
the information of thofe that will repeat the experi-
ment, or reafon on its refults ; and the more fo; when
the fame kind of fluid is of vatious fpecific gravities,
as water or fpirit of wine; or when, by their nature,
particular accuracy is requireds Thus the London

~ College have, in their Pharmacoperia, wifely diftinguifhed
the quantities of fluids by mea{'ure, (M) and by
weight, (P). —Edlt

- Re-agents.

§ 144.-

Befides  the inftruments- before treated of, the
chemift has occafion for a great variety of materials,
as means to perform his examinations of the various
bodies.. Such fubftances as enable the chemift to
draw conclufions refpe@ing the nature and properties
of the bodies to be examined, by means of thofe

: g alterations
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alterations which they fuffer themfelves, or produce
in others, are called tefls, or re-agents (reagentia)
That we may, by means of them, deduce refults to
be depended on, they -muft be procured and em-
ployed in the ftate of utmoft purity.

Thele go likewife by the name of a&ive inffruments, to
which alfo fire, water, air, &c. belong ; and are thus
diftinguithed from the paffive infiruments, wiz. fornaces,
veflels, mortars, &c. Chemical agents is another exs
preffion for a&tive inffruments.—Edit.

CHAPTER
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CHAPTER II.

of the moret:omnm, Simﬂe and.
Co}npound Subftances,

§ 145

BEFORE we attempt an inquiry into the con-
futuent parts of bodies clafled under the three
kingdoms of nature, we muft firft beftow our at-
tention on thofe fubftances, which do not belong
exclufively to any one kingdom in particular, but
are difperfed through them all.

Calorice,

§ 146.
The external caufe of the fcnfa.tlon whtch every
body knows by the name of warmth or heat (calor)
1s what we call caloric,

§ 1474,

The firft and moft common phenomenon, which
we perceive in bodies that are brought to the par-
ticular ftate, in which they excite in us the fenfa-
tion of warmth or heat, is the increafe of bulk, or
dilatation, '

AR I ] H 3 ; § 148
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tr oNyxdd,

We employ this change of volume of certain
fubftances, as a rncafure to determine the mcreaﬁncr
or decreafing quantity of that principle which pro-
duces warmth ; ; and on this change of bulk is the
confiru&tion of calorimelers, and thermometers
founded. :

§ 149

Caloric (§ 146) 1s an expanfible flurd (§ 29). The
attion of the calefying fubftance on our fenfa-
tions, and on the thermometer, {from both of which -
we infer the prefence of caloric) does, according to
experience, manifeft 1tfelf on ‘all fides of the body
which' it iffues from, f{preading inall direGtions,
but with decreafing intenfity. Around the heated
body we may, therefore, imagine a fphere of ca-
loric, the expanfive power of which decreafes in

proporfion as the {quare of the diflance from the
heating point increafes.
§ 150.

Caloric s alfo a pure expanfible fluid (§ 30)
It cannot be proved by any argument, that its par:
ticles are atted on by the force of gravity. It is
therefore abfolutely impoffible to afcertain the quan- -
tities of caloric by weight, and it muft in all re- -
{peéts be conudqred as’an imponderable ﬁébﬁance, '

§ 151
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§ 151,
“Caloric is, Taftly, a fuid expanfible of itfelf
(§ 30)- We are not acquainted with any fubftance,
neither does one fingle expenment fhew us any,
irom which we can dcdm:e the expanfibility of
caloric.

N e
By virtue of thefe preperties caloric fhould dif-
¢end in infinitum ; and it would really do fo, were
it not for other fubftances, which by their attrac-
tive force for it, render its power of expanfion inac-
tive, and -thus fet limits to its dilatation.

- § 133

To explain certain phenomena in a more per-
{picuous way, it may be allowed to imagine the
dilatation of caloric in the manner of rays, as if its
particles expanded divergingly in ftraight lines from
their origin. Yet this way of reprefenting it is
not fupported. by faé. . Caloric, though in the
_ftate of the greateft rarefattion, rather fills the {pace
which it occupies in conéinuity ; that is, as a con-
tinuum without interflices. By the greater or lefs
_denfity of caloric, nothing more is underftood, than
the greater or lefs manifeftation of its altivity, or of
its expanfive power. The intenfities, afcertairied by
its altions on the thermometcr, are called its Zem-

" peratures. '

‘B 4 aime il TN
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~ For want of proper experience, we are not able
to ,-.ﬁat‘e the degree of celerity, with which pure
caloric might expand, if no impediment were put
in the way of its expanfive power. Yet it cannot
well be lefs than that of light,

e Ty

It is known by experience, that all bodies heated,
but not expofed to a lafting caufe of warmth,
gradually lofe again the excefs of temperature which
they have over bodies around them; and there are .
no fubftances on this globe known, that are capa-
ble of preferving a heated body included in them,
at a temperature higher than that of the circum-.
ambient. medium. Hence caloric penetrates all
bodies. '

2 : - § 156,

The production of warmth in bodies, and the in-
creafe of their temperature, is, in the afomifiical
theory, explained by the caloric penetrating intaq
theirrunocc‘upicd interftices, and ‘pervading thefe
bodies by its increafing quantity. But if this were
the cafe, thofe fuppofed empty fpaces only would
be warm, and the particles of matter themfelves
would remain cold. For this reafon it feems rather,
that in this cafe a chemical penetration takes place,
as in folutions (§ 69); with this only difference,

- ' thag
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that the heated matter is not decompofcd and
.aétually diffolved by the caloric.
Kan?’s Elem. of Nat. Philo/f. p, 99.

§ 157:

That portion of caloric only is really calorific, or
producmg warmth, the expanfive force of which is
attive, and is not checked in its expanfion by the
oppofing attractive powers of the matter, which
compofes the bodies which it warms. It is only this
{pecies of caloric that operates upon the fenfation,
and on the thermometer; and is, for that reafon,
called free caloric. As long as it is free, from its
very expanfion, it is not detained in the place which
it occupied ; this only happens when its tendency
to expand is fo reduced to ina&ivity by the attrac-
tive powers of other fubftances, that it coheres
“and forms with them a chemical combination. In
th;s ftate it is called umperceivable, latent, _ﬁ;ed
; calorzc,

§ 158,

chcc the temperature of a body (§ 153.) does
not" indifcriminately depend on the quantity of
caloric which it contains, but principally on that
portnon of free caloric, which is ftreaming through,
and lﬁ'umg from 1it.

§ 159.
When a body is at a higher temperature than
another with which it is brought intq conjunétion,
A : the
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the warmth is propagated from the firft to the
{fecond, and the colder body deprives the warmer
of its excels of heat. The temperature of the one,
'ﬂle'refore, is lowered, and that of the other is raifed.
And this change goes on, till both bodies are
brought to the fame degrec of temperature. It is
now faid, that the warmth of a bedy, or of its fur-
rounding medium, keeps the equilibrium with
another body of the fame degree of heat.
§ 16e.

The equilibrium of warmth, ‘amongﬁlc,o atiguous
~ bodies, confifts in the equal intenfity of the ftreams
of free caloric, which they reciprocally impart g
gach other,

§ 161.

If thercfore a body fend out, at the very fame
time, as much free ealoric as it receives, ils feni-
perature is lafiing.  But if at the fame time it re-
ceives more than 1't difcharges, and does not fix the
free caloric which it receives, ‘then its temperature
is raifed, or the body 75 heated. And, ‘on the con-
trary, if it emit more than is communicated to-it,
it is refrigerated. - The becoming hot, or being
_ cooled, is confequently nothing-élfe, than the dif-
ference of the quantity, of free caloric efcaping from
2 body or ﬁqwipg Into-it, . : :

_§ 162
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3 e 1

The human body contains within itfelf, aslong as
it is living, a prmmplg of warmth, in the fame man-
ner as the bodies of all other warm-blooded animals.
inother words, as long as we live, there is a portion
of fixed caloric continually- fet free from our bedy.
This {ubjet can hereafter only be inveftigated. I,

- therefore, fome other body, being in conta& with
us, does at one and -the fame time impart to us
more free caloric than it obtains from us, we call
it warm, or hot 5 but wice verfz we call it cold, if
the quantity of caloric which it receives from us be
greate'f than what it remits to us. Coldnefs is
nothing pofitive, but fomewhat of a negative kind,
or a privation. We do not know what is abfolute :
¢old, or the true zero (o) of the thermometer.

Relative-notion of . the word zoldnefi.
Of the equilibrium of animal heat.

X : §.163.

As long as two bodies continue to be perﬁctly
komogeneous (§ 3.) and at the fame time their
femperatures be equal, in this cafe, equal quan-
tities of thofe bodies muft alfo contain quantities of
free caloric,” precifely equal ; or the quantities of the
latter muft, at equal temperatures, be in the fame
proportion as the volumes of thofe bodies. When,
therefore, two Lomogeneous fubftances of different,
- or unequal femperatures, are either mingled or
mixed
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mixed together (§ 4.) the diftribution of the calo-
ric of the warmer body among both, muft be
proportional to their volumes, or tltcir maffes ; asis
alfo proved by experiment, .

§ 164. e
On the contrary, when heferogencous bodies
(3 3.) and of different temperaiures are blended
with each other, then the exce(s of the caloric of
the warmer body is not diftributed in the pro-
portion of their maffes ; but unequal quantities of
free caloric are required, to effet in equal mafles
of fuch bodies n equal change of temperature.

For inflance : - 1f 11 of guickfilver be poured on 11f of
avazer of a higher temperature, the heat of the whole
mafs will be greater than the arithmetical mean be-
tween their former temperatures—But if the quick-
filver be the hotter body, the new temperatare will
be lower than the faid arithmetical medium.—If, for
éxample, the quickfilver be at 110° Farenh. and
the water at 44°, the temperature of the blended
fluids will not be raifed to 779, as it fhould, if the
furplus of free caloric were divided among thofe
fluids in the propartion  of their guantities. It will
be only at 479.—Let now the pound of quickfilver
be heated to 44°% and that of water to 110°, then,
on firring them, the common temperatare will he
107°.—Hence if the quickfilver lofes by this diftri-
butien 63° of its warmth, an equal ‘weight of water
gains only 3 from this lofs of 63° degrees of heat.
On the contrary, - if the water lofes 3% the quickfilver

gains 63°, :
= : o
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It need not be told, that pains haverbeen taken to
effimate on thefe experiments, that portion of calorie
which tranfmigrates into_ the -air, ‘or into the. vellel
where the water and qalckﬁlver are blended. As,
however, fach valuation cangot be made with ¢ém-
plete accuracy, the numbers ftated above are a merg

~ approximation to truth. :

§ 16,,:- e
chce 1f bodies be of different kmds, it would
be wrong to conclude from the equality of their
temperature, that the quantities of free caloric con-
tained in them, bear the fame proportion to one
another as the maffes of thole bodies.

From the preceding example we may infer, that a cer-
tain quantity of free caloric, which might warm
water of a given temperatore to 1 degree. higher,
would alfo warm an equal weight of quickfilver of the
fame temperature to 21 ‘degrees more; and confe-

- quently we may conclude from it, that equal quan-
tities of quickfilver and water, both of equal heat,
would contain the abfolute quantities of free caloric
in the proportion of 1121 ; oras 0,047 1,000.

°§ 166

- The preportlon of the quanntles of free ca-
loric; by which heterogeneous bodles of equal
temperature and of equal weight are penetrated, is
c:illecl; th__é jj;ccg'ﬁc or _comparative warmth, or heat,
and, after Crawgford, the capacity of bodies for heat.
If this proportion be dctermlned with refpect ro the
£ farhe

-
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fame volume - of = bodies, Wilke calls it relative
heat. ' =

§ 167 L
This fpecific heat of bodies is afcertained by
the change of temperatures, which they thew,
when from being firft taken of different degrees of
~warmth, they are afterwards reduced to a common
temperature, cither by mixing, in the frié fenfe,
or by mere mingling.  Videlicet ; if the weights of
both fubftances are equal, then their fpecific warmth,
after being brought to a common temperature, will
be in the inverfe ratio of the changes undergone by
their former refpective temperatures. If the weights
of matters to be mingled or mixed are unequal, in
that cafe their {pecific heats will be inverfely, as'the
products of the changes in their refpective tempera-
tures multiplied by their weights.

Example: 115 quickfilver of 110° blended with 1 i
avater of 44°, gives 47° (§164); hence the change in
the temperature of the quickfilver is 110=—47=61
degr. and that of water is, 47—44=73 deg. In con- ~
fequence of this ftatement, the {pecific heat of quick-
filver is to that of water as 3:63=1:71 =

ek
=11

§ 168.

Many experiments have been made og this

head, and tables of the {pecific heat of bodies have
been made out, : :

The
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The main point in- fuch experiments is, that -
bodies fhiould never be mlngled or mixed together,
whofe form is_altered, or fuch as either fix the
free, or difch ge the fized caloric .(§ 157) during
that operation. ;.;_&:th;s has_not been always care~
* fuliy obfeﬂed we may fairly miftruft the numbers
given in all thefe tables. RBefides, it is hardly poffi-
ble to value with accuracy that lofs of free caloric,
whlch, in other refpects, may happen on blending or
mixing thefe {fubftances.

On this account, I think, Boerhaave has not as
yet been refuted for having fuppofed, that in hete-
rogeneous bodies of equal temperatures, the abfo-
lute quantities of free ealoric, which they refpec-
tively contain, are to one another in the ratio of
their refpeciive volumes, and. therefore inverfely as
the weights of the bodies to each other,

In the above example, on blending of 115 quickfilver
of 110° Farenh. and 1f5 water of 44°, the, com~
“mon temperature might turn out tobe, inftead of 47,
not lower than 48 2° Farenh, (which may indeed be
the fadt; if the vapours of the water abforb no heat,
or if the heat loft may otherwile be better accounted
for) and then, by calculation, the fpecific heat of the
quickfilver would be to that of the water, as 485 —
44 : ¥10—48% 1 = 4,25 3 61,75 = 1,00: 14,52 ; and

- hence very nearly in the inverfe ratio of their own

refpeftive weiglts.

i"l-',eq'-n‘:lulf the fpecific warmth and fixed caloric ac#
.miftaken for each other.

‘The
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. The CW!& of Meflrs. Lawoifier ‘and “de la “Place.
{T raité ¢ Elementaire de Chimie, P 3. )—The obfe;vanons.
* and experiments made with that inftrument do mnot
“always fhew the fpecxﬁc heat of bodms bat they pmnt' .
** out the relative quantities of ﬁxe&;ahm,_ ;whl_cb o0
certain changes of bodies, is dxf'énga.ge BT

§ 169 o G 4 B
- Free cdloric; wluqh s tranfmltted to ether bOdlCS,-
does not always remain free as to its Whole quan-
tity, but a pomon of it, more or lefs, becorites
fixed, and it is this fixed portlon that caufes the
cfxanges of form which bodies undergo, when ex-
pofed to the influx of a greater ftream of heat.
Solid, liquid, and elaftic bodies are thereby dilated ;
folid bodies tutn liquid, and both may by it become
elaftic. Thefe changes cannot happen, except the
attra&tive powers of matter to the caloric weaken _
and deftroy its expanfive force; as again, on the
contrary, the power of attrattion of other fub-
ftances is altered by the tendency of the caloric to
expand, and by that very means a change i their
form 1s effected. :

§ 170,

" That portion of free caloric, therefore, which is
the caufe of the effects already mentioned (§ preced. )
in bodies, lofes its calorific power on our fenfation,
as well as the effect of its a&ion on the thermometer,
and becomes fixed, or imperceptible (§ 1 57)5 and
tlns, during all the time that it produces the altera-

tion
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tion of form in bodies, or is fettered by their attrac-
tive forces. g 47

b T
o e

*

= Sgg&@e mﬁ;ﬁs of pounded ice, or fiow, be fo much
‘refnggmmds{jm a veflel, that a thermometer placed
therein | 0ints to 10° Farenh, Let the veflel be now
bronght into a  warmed chamber, in order to expofe

_+ the cold mafs toa lafting and intenfer ftream of heat.
. The quickfilver of the thermometer will i in this fitua-
o tmg gmdually rife to 32 degrees, but heére it will
tgmam, thdugh the ftream of heat flowing to the ice

'be 6?' a “much higher temperature. Confequent-

ly, the tempcrature of the ice, while melting, rifes

hot h:gher than to 32°, whatever quantities of warm-

ing: paftxcias miy be conveyed to it; but it melts

by dcgrees, and- it is only when it has thoroughly

done" meit,mg, that the thermometer rifes: Thus the

~ fream Qf free ea.lonc, aamcr on ice of 3z° Harenh.
does ‘nat: raife its temperaturc above the point of

; freczi_ng 5 apd its altion extends no farther, than to
,_thanga th@ form .of jolid into liguid water, and the

caloric. fpent on ﬁr;h chzmges becomes unperceivable
~and ﬁxed :

'_.f l'now at 3z° Farenh. with 1 pound
of water at izo° ‘thc temperature of the mixture
will not be elevated to 76° but continue at 32’

2. Mix 1 pound

3. Put fome water of 3z° Farenh. in which a Lhermo" 27
meter is {uefpended, in an open veflel upor the- ﬁl'ﬁ-;‘
the thermometer rifes fitcceflively higher 2 and’ hlgher,, =
and redches at Jaft ‘o’ 212% At this rnomem*tha-'-f- Y
water is boiling, and the thgrmometer co&ﬁ;:_rm‘es‘ :
¥ 5 is encompa{fgd. -
[ _ent, of hegt;tﬁﬁi: 2
ch‘ed to the Watcr be eve\' fo great ““From this 1t
VOL. I =y B " Al S ':fgllows:."

>

wo
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follows, that the ad&ion of the,cﬂh;iﬁq particles on
liquid water, ‘does, not raife its temperature above
2129, though their own temperature be higher; but
. that the flowing caloric, direéted to the liguid awater,
~ becomes in this cafe fixed, and changes the water
into agueous wapowr. While ‘this change Jlafts, the
thermometer remains at 212°, the point of bmhng

4 Mmgle 81 of iron- lmgs at 300° Farenh. with
1 b of water at 212°; the tempcrature of the united
TIRStEs will not reach zgo 2, but remain at 212°.

§ 171, : .

Yet fived  caloric muft be diftinguilhed in a
double pomt of view: into the adhering, and into
fuchas is chemically combined. The firft {pecies
of fixation takes place on the mere dilatation of
bodies, as alfo on the fufion of folid bodies, and on'
their changing into vapours ; and the other {pecies
on the transformation of a fubftance i ino air or gas.
In the firft cafe, the mere mechamcal compreffion
is fufficient to fet the fixed caloric free, and any
body of a lower temperature is capable of depriving
another fubftance of it.—But in the f{econd cafe,
neither the one nor the other happens.

S A
That caloric; which on the formation of liquid,
and of elaftic fluid bodies, is fixed, and becomes
1mpercept1ble, muft of courfe again prefent itfelf
in the charater’ of fenﬁble or free caloric, and caufe.

an ,
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‘an ‘increafe of tempéfitﬁré, whenever elaftic fluid
bodies are transformed into liguid or {olid ones; or
- when liquid are changed. inte folid. bodies.—Upon

~ this principle the following Iaws may be eﬁa-
_ bh[hfﬂ‘ '

§ 173
R Free Calorzc is Jized by bodies, t!mz‘ paj.'s*
fram the form of ﬁ)lzdz@ into that of liguidity.

5s it explains + : s ;
'! The ﬁicity of the freeziug p‘oint at the melting of
fnaw or u:e { §170, note 1)

£ 'F}xe expenmenf. of note 2, §17o. One po'und of
water muft: he heated above 1§2° Farenh. in ovder
to melt totally one pound of fhow at-32° If the
water be hot above 162", ‘nothing more than the ex-
cefs of heat w'hlch it. has above 162°, is divided

among the two pouncls of' water procured by that
wa;y. o ke Rk T

3. Piftet’s refle€tion of cofd as it 15 {iyied

< 4 The intenfe cold; prodused by mmghng fnow’ and
' fmoking {pirit of nitre, -

5. The great refngeratmn attendmg tIle folations of
all cryftalline falts. :

6. The great cold, caufed by the thamng of fitow
blended with falts.

“The greatett pofiible cold, pmduced{:y melting pounded-
ice or fnow, together thh falts, takL 3 place with re-

gard to any falt, where a faturateﬁ;tﬁfmoh of that
B i } 2 B

A

1a£t,.
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o 'fa,lt'ﬁ"‘;'efzﬁr. For after this the caufe of refrigeration
nﬁ Io.nget‘ exifts.

. ; 'The great c-old, arifing when eryftalline. falt of
Glauber is diffolved in concentrated nitric acid.
B *

A § 174

IL. The fized Caloric becomes free, when bodies
pafs from the flate of liguidity into that of
Jolidity ; and alfo when they qre-brauglzz‘ to a
thicker confifience. :

_ “This law is the reverfe of the laft, and its natural con-
fequence. When, therefore, water freezes, it again
gives out that heat by which it was made to liquefy.
When the congealing goes on only gradually, it is
indeed not poffible to perceive, by the {enfation and
thermometer, that portion of the caloric, which
every moment is difengaged in fmall unperceivable
‘quantities only.—VYet on this very calorific matter,

* now becoming free, depends the reafon,

1. Why water, at the'freezing point of the atmofphere,
- does not freeze on a fudden and entirely.

= 2. Why water, that freezes in a cold greater than of
32, does naverthelels retain the temperature of 32°
without lowering, @il its whole mafs be frozen.

By this Jaw s fartber exﬂa:‘necf =

3. Why the quickfilver of a2 thermometer ftanding in
water, contained in 2 veflel of a narrow neck, and
covered with oil, is raifed to 32°, when the water is
made to freeze by agitation or ftirring ; though be-

z 4 - fore

L&
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fore this, duriﬁg,repofe, the intenfity of its cold was
below the point of freezing. ol

4. Why, for inflance, if 175 of water at 32" be m;xed-
with 115 of frnow at 4°, nearly % pound of the water
congeals, and the whole mafs is raifed to 32°.

5. Why a faturatcd warm folution of Glauber’s falt,
contained in 2 corked bottle, if grown cold in perfect
reft, without cry-ﬁahzmg, gets hot in the very mo-
ment of cryftalization, if then agitated. '

6. Why deliquated Glauber’s falt, deliquated Epfom
{alt, de]iquated carbonat of mineral alkali, and burnt
alam, produce heat on being mixed with water ;
qwhereas ‘thefe very falts, when in their cryftalline
ftate, produce cold with it.

7.‘ Why burnt plafter, and #ill more {o, burnt lime, are
heated upon the addition of water.

8. From what caufe the firong heat arifes on mixing o1l
of vitriol with calcined magnefian earth. :

9. The fpontanecus inflammation of oils with concen-
trated nitric acid. : <

10..'The increafe of temperature taking place on mix-
ing vitrolic acid with water, vinegar Wlth water, al-
kohol with water.

31. The flew cooling of melted tallow, 'fat, refin,
and Bee_s'fwax.

1 g : § 175.
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V. Fived Caloric is fet frge, on the decomo- A A-
Jition of elaftic fluids, and on zizezr z'etz:rn 10 the ;':

_l —'|

Jolid or the lzqzzzd farm.- . §

T his lazw is agam the rwzr_jé af the.

4 Why a {mall quantlty of water in the iiates"
 ‘gives out much more heat than an equal’qﬂnnmy o? %
_ liquid water of the fame temperature.

2. Why the decompofition of every kind of air, or gas, is
always accompamcd by ;he extrication of frée caloric,
or heat.

: § I7"7
Thus may the calefa@gon and . refrigeration be
effetted, merely by the changes which bodies endure
with regard to their form.

§ 178.

- If there were a cover, impenetrable to free ca-
loric, any hot body confined therein would for ever
preferve that higher temperature which it is once

- poflefled of ; becaufe the - intenfity of its caloric
would not be enfeebled by expanfion. But there
exifts no matter or fubftance that is not penetrated
by caloric.

el
It is, however, known by expcnence, that various
bodies do not tranfmit the caloric with equal cele-
rity, and that though placed in the fame medium,
thq do not a.llqw a certain fubf’cance, which they

4. hold

¥

v@m"'



""Apphcatmn of this obfervation to various phenomena
in: common hfe.

§ 180.

’I‘hls faculty of bodles, of admitting under equal
circumftances, the refrigeration of a heated body
! .contamed therein, within a thorter or longer time,
is called the facu[{/ or power of conducting heat;
and fuch body is faid ‘to be a detter, or worfe
conductor of heat, as allows the refrigeration to go
on quicker or flower. Thus firaw;. charcoal, wood,
athes, wool, feathers, cotton, are worfe conductors
of heat than water, ftone, metals ; and we give allo
in common language, the name of warm ‘bodies, or
bodies preferving warmth, to- the former The
powers to condu& heat, in the various bodies,
are to cach other inverfely, as the times during
w hlch other bodles, fhut up in them, grow cold.

Ilupration by experiments made with cotton, feed of lyco-
podu.m, quickiilver, concerning their pow er of con-
du&mg heat, &c. by Slr Benj. Jamrn I?Jampjw, now Count
Rmfard

g

-
i

§ 181.

Fhe graatcr degree of that faculty whlch fome
boches have of tranfrmttmc heat, depends chmﬁy

—
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n_s#hmr power of fixing the free caloric by a greater
or fpeedier dilatation, fufion, or evaporation.

Light.  Phlogifion.

§ 182.

The external caufe of the fenfatlon called Seeing,
s indicated by the expreflions light, or matter of
light ( Luz) ; and that ftate or condition of bodies
by which the fenfation of feeing is produced in our
organ of fight, 15 Pc} led Jilumination or Brightuefs
(Claritas).

§ 183. :

Such bodies as difplay light of themfelves, and
~are a fource or caufe producing light, as, for exam-
:_ple, the fun and burning bodies, are called: lumz-
nous, or lluminating bodies. But fuch bodies as
become vifible merely by the light communicated
to them by the former, are called illuminated or en-
Ughtened bodies 5 in cafe they produce in us the fen-
fa.tion of feemg

§ 184. Fa
BOdICS which do not prevent the percepttgn, by
the fenfe of fight, of other illuminating or illami-
nated bodies, when placed in a dire& Ime between
the latter and the eye, .are called diaphanous, tran-
Jparent bodies. To thefe are oppofed the adia- -
- ; phanous,
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phanous, ungrmg@a,rent opake bodies. - But among
thefe - laft, mamfoid gradations, of grcate,r ar)&lejs_
opacaty, take place.
The phenomena belonging to optics prove, that
light as a pure. elaftic fluid (§ 30) fpreads about,
in all diretions, from every illuminating ar illumi-
- nated point ; and that around every poi;it,_ giving or
receiving light, a luminous {phere of undeterminate
magnitude may be imagined, where the inténfity
of the {tream of light decreales in proportion to
the {quare of the diftance from the luminous point.
" The reprefentation of light, a5 if it-were a difirefe
fluid diftending itfelf in rays, is dotibtlefs ufeful, to
make the optical phenomena more confpicuous.
Yet this by no means preveats us from confidering
that matter, though rarefied to the utmoft, as a
continuum ; and to obtain its greater rarety merely
from: a diminithed a&ivity of its inherent force,
by which it afs upon us.

§ 186.

Light is éﬁ'entially different from caloric. If light

- were caloric very ﬁroncrl}r condenfed, or, in other
words, if caloric becamc luminous at™sa certain de-
gree of mtenﬁty, it would naturally follow, that
no glimpfe of light could take place, except at that
h:crh tem‘pci‘a.ture, but this is contradited by ex-
perience. Bo'lmg water gwes no light, and the
; tem-
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temperature of fhining phofphorus s far -below
that of boiling water.  But to sxplain the nature of
light by a modification of caloric, without adopting
a modifying principle, is to affert the exiitence of =
an effe& without any exifting caufe.

§ 187.

Light may as to its expanfive power, like caloric,
be made inactive by affinity with other matters.
It may be fixed, and become a conflituent part of
. other bodies, fo as to be unable to make an im-
preflion' on our organ of fight ; which it ‘can enly
do when it is a free or expanfible fluid.

o

188, -
_This propofition, by means of which many phe-,
nomena in nature may be explained, is confirmed

..~ by the experience that we can extricate light from

fuch bodies as by themfelves do not produce the
Tuminous ftate, and this in various ways: by burn-
ing combuftible bodies, by electricity, and by cale-
Faction or heating' of many fubftances, in other re-
{pects inco'mbuﬁible_ :

| § 189. :

But from the circumflance, that in all Lhefe
cafes (§ 188), where light is'to be difplayed in a
free ftate, there always is a_certain degree of warmth
‘neceffary, or at leaft co-e':iiﬁeﬁt, I am inclined to
‘conclude, that light is not a fluid originally elaftic
(§30); but that 1ts expanﬁblhty 15 denved from

2 caloric, '
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caloric, and confequently, that light is a compound
of a baﬁs of ils owns and caloric. TR

L Y150

This do&trine of the compofition of light of a
peculiar bafis and caloric, explains al{o the difference
between the various kinds of coloured light; in
which we may imagine a difference in the propor-
tion of the bafis to the caloric. = But there is, un- -
~doubtedly, a certain fixed proportion of this bafis
to the caloric required, in order-that a luminous
produét, ebfervable to our organ of fight, fhould
refult from their combination. Nor is there any
‘caufe to wonder, how it happens, that the portion .
of caloric, which by this bafis is {o modified as to
produce light with it, is no longer able to excite:
Leat. S

: § 191.

Tt is this bafis of light which ought to be diftin-
guithed by a particular name; what I call, with
Leonhardi and Richter : matter of heat, principle
of combufiion, or phlogifon.

§ 1g2.

The abforption of. light, as it is called, is there-
fore a real decompofition of light, where its bafis,
by the attraction of other fubftances, is diflodged
from the caloric, which then is either made free, or-
again fixed in fome way or other ; or, lattly, if com-
bined with a fmaller portion of the bafis of light, is -

3 refleCted
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reflected in the form of a dxffcrently coloured {pecies
ks hght Myt ?
, § 193
The c’rtrzcatzon of light from bodies, which
before. were not lummous (§ 183), is the com-
bmatlon of the bafis of llcrht (§ 189), they con-
: talrr,——wnh caloric.
§ 194.
The moft remarkable inftance of the d1fengacrmg
. of light 1s in combuflion (§ 188); that is to fay,
the extrication of both the light and caloric, from
bodies in conjunétion with and by the decompofi-
tion of vital air, and fome other fpecies' of gafes.
Bodies qualified for this change are called com-
buftible or inflammable.

. By #his fiftem, there\"ore, all combuﬂzb]e bodies are com-
pounds, for all of them contain the dafs of light, i. e.

phlogifton. By the antiphlogifiic fyffem the combuftible
bodies may likewife be fimple fibfances,

Combuitible fubfances that are ﬁmple accord.ng to the
szzpé!ag iftic fvﬁem, are
" Compofed, ~agre wz&ly 17 the fiffem of
Phlogifton, of
5

: < | ks
1. Pholphorus - ° Phlogifton and phofphoric radical.
z. Carbon - - Phlogifton — carbonic radical.
3. Sulphur - - Phlogifton —. fulphuric radical.
4 Bafis of inflam-]) : f s
_mable gas (Hy- } Phlogifion — hydrogen.
 drogen) - - g :
“sip3. The 19 ] = Phlogifton and the refpeive bafis
=0 vmetals! : of each metal.

Phenomena
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Phenomena of Combufiion in atmofpheric dir..

T -

Take a cylindrical veffel of thin glafs, that may
be clofed at top air tight, by means of a brafs fcrew
- and interpofed leather, and whofe capacity may be

meafured, into fufficiently {mall portions, by a gra-
duated feale fixed to it from without.

- Put into this veflel, full of atmofpheric air, 4

piece of dry phofphorus (at leaft 3 grain for every
three cubic inches of the veffel’s. capacity) ; clofe

it then air-tight ;. heat it gradually by the flame of a

candle, firlt on the fide near the bottom, and after-

wards the bottom itlelf. As {oon as the phofphorus
has been heated to a certain degree, 1t takes fire
of itfelf, burning with a flame and thick white
-fmoke; but it foon eeafes to bum.  Continue
heating the veffel repeatedly, and let it cool
again. The finoke precipitates in the form of
flakes, if the veflel and the air confained in it

were thoroughly dry, or elfe thefe ﬂakes will melt
in the moifture,

After every thmg has returned to the fot‘mer
temperature, plunge the mouth of the veffel into
water or quickfilver; and open its ferew. Tt will
be found that the water rifes in ity and_hence, that

a portion .
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@ portion of air, which it contained, has “djfup-
peared—The water which has rifen fheis what
quantity of air has been deftroyed, if its cubic con-
tent be compared with that of the whole vefiel.
This portion of air thus vanithed will, in moft
. cafes, be about 0,25 to 0,27 of the whole volume
that had been employed of atmofpheric air. The
water forced up in the veffél is four. The remain-
ing air-is as unfit for the burning of phofphorus
as of every other combufiible matter 3 animals are
alfo fuffocated in -that air. We fhall hereafter
fpeak again of this remainder of air.

If the veffel, after the phofphorus-was inclofed in
1t, has been weighed before the combuftion, and is
again after this, when cold, put on the balance, no

difference of weight .will be obferved.

If this experiment be made in a {pacious and
very dry glafs-jar, clofed with mercury, and if it be -
fo managed, that the phofphorus {fwimming on that
metal is fet on fire by a convex lens, in that
cafe the ‘white flakes, which precipitate from its
imoke, and are the pho/phoric acid, if carefully
collected, will be found, on being weighed before

“they melt, to be heavier than the phofpho-

rus employed ; that for each grain of burnt phof-
phorous 21 of this concrete phofphoric acid are ob-
tained, and hence that :aach -grain of it has ob-
tained an additional weight of about 11 grains.

Tweleve
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- Twelve cubic inches (Paris) of atmofpheric air are
required for the burning of about 1 grain of phof-
phortis ; and this air 15 reduced in dimenfion about
1% cubic inches, or in weight about 1Z grains; in
fuch a manner, that the lofs in the weight of air
wherein phofphorus burns, exaly correfponds with
the increafe of weight in the phofphorlc acid then
- generated. :

Experiments. by burning phofphorus in Iarger®metallic
veffels, exa@ly clofed: Other experiments by the
burning of a candle. 5

: § 196.
- The phenomena mentioned in thefe éxperiments
obtain, not eonly when phofphorus is burnt, but

on any combuftion whatever fimilar circumftances
occur..

1. Every combuftible fubftance, in order to be
~ inflamed, muft be heated to a certain degree ; more
or lefs fo, according to its particular nature. Thus

~phofphorus, for example, requlres about 30 degr.
Reaum. of heat.

2, VVithOut air no combufltion is effected, and it

goes on the more brﬁkly the more accefs of air is-
granted

2 Ing gwcn quantity of - atmofphenc air only a
certain qua.ntlty of the combufhble body can be

conﬁ;med
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~confumed. - For inftance : of a piece of phofphorus -
no more thanabout one grain w111 beburnt th 12 cub
mches of that air, all the reft remains untouched.

4. The atmofphcnc alr, wherein a body is con-
fumed by fire, lofes part of its weight, and is ren-
dered unfit for preferving animal life by refplratton,
" and for promoting combu&;on

5. The refidue of the burnt matter ( whethet
folid, liquid, or elaftic fluid) is as much bea\ ier, a8
the weight of that portion that has dlfappeared of

atmofpheric air..  «

-Compofition of aimofpheric Air.

§ 197

It is therefore evxdent that the aimo[pi;enc air
'{.V»hmh in this place we diferiminate from the at-
- mofphere itfelf) is a compound of two different
‘Lmds of air. Firft, of fuch. as alone is capable of
fuppm ting combuftion ; which itfelf is decompofed
in the proccfs of combuftion ; which aloné is pro-
per for the functions of amimal refpiration ;. which :
at moft aniounts to about 0,27 parts of the atmof-
pheric air; and which (for reafows hereafter to be
- explained) we dlf’cmgulfh by the name vilal air,” or
ozygen gas—~—It is fecondly compofed of another'
kind of air, which is unable to ma,lnta n combuf'—

VOL. I. ; X s A tlon,



130 More common Subjftances. {Chap. 11.

tion, wherein animals are fuffocated ; which at leaft
makes up about 0,73 parts of the atmofpheric air; -

and has received the name of azofic, and alfo

nitrogen gas.
§ 198. :
Of thefe two kinds of gas the atmofpheric air-is -
not in all places compofed in the very fame propor-
tion: nor can it be otherwife, if we confider, that
1 the atmofphere there are continually, more or

le6s, thofe procefles going on, whereby the vital air
15 decompofed. 'But it is no lefs certain, that the

vital air muft always be again reftored and gene-

rated, to prevent the atmofpheric air from becoming
quite improper to live in, for animals that refpire.
We (hall hereafter, treating on the growth of plants,
become acquainted with a means that {upplies the
atmofphere with vital air.

‘ § 199
Before we proceed to the theory of combuf
tion, it is neceffary to examine more - clofely the

~ properties of vital air.

Vital Air; or OXYGEN Gas. Ozygen.
\ g § 200,
We ktiow at prefent a great number of bédies,
trom which we may, by art, produce vital air, It

 =F
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is moft amply obtained from nitre and the oxyds of
manganefe, or mercury, if they be ignited.

§ 201.

With this view, fill a fmall earthen retort with
powdered black oxyd, {or native calx of manganefe) ;
lute to the orifice of its neck a tin-tube, put the
retort amongft charcoal in a wind furnace, placing
the mouth of the tube under the funnel of the
thelf in the pneumatic trough (§ 126) filled with
water, and heat the retort gradually to rednefs. At
firft the atmofpherical air of the veflels comes over ;
but upon the manganefe beginning to be -ignited,
vital air is difengaged, manifefting its prefence by
inflaming a wooden {plinter, that in a glimmering
ftate is brought into contatt: with it. When no
more vital air appears, the orifice of the tube is re-
moved out - of the water, and the retort fuffered to
cool. ; 3

§ 202.

This {pecies of air, here obtained, is confpicuoufly
different from the common air. of the atmofphere.
It is fomewhat fpecifically heavier than the laft; a
Parifian cubic inch of it weighs, according to La-
voifier, at 100 Reaum. and 28° barometer’s height,
0,50694 grains (French); whereas an equal volume
of atmofpheric air weighs, in like circumftances, only
0,46005 gr. It has no fmell, no tafte, and it fhews
no trace of anacid. g i oo
=X B ' gy
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Its moft firiking and moft chara@eriftic mark is
that of being fit for the refpiration of animals, and
. the combuftion of inflammable fubftances. An
* animal confined in a {pace, filled with this vital air,
is not nearly fo foon fuffocated as when placed in an
cqually large fpace of atmofpheric air.

A combuttible body that would require about four
cubic feet of atmofpheric air, to be totally burnt,
requires for the' fame effe& no more than one cubic
foot of this air, or oxygen gas. The intenfity of
combuftion, or the extrication of light and heat,
in this gas, by far exceeds that which obtains in at-
mofpheric air. A wax candle burns in it with a
greater and more vivid flame, and with'a crackling
noife; its dying wick is again inflamed by it. A
glowing {plinter of wood, a glimmering paper is
thereby immediately fef in the flaming ftate; tin-
der, or touch-wood, which otherwife only ghmmers
burns in it with 2 blue flame. Red-hot coals_are
more rapld!y confumed, and burn with greater
brightnefs. A pointed fteel watch-fprmg, whoie
point has been ignited, is burnt in it with great
fcintillation. But exceedingly ftrong and uncom-

monly brilliant is the flame of phofphorus, burnt in
this kmd of air.

F e

: § 203.
: W’henr phofphorus is bumt in this vital air, and
in a fimilar manner as in the atrnofphenc (§ 195),

(but
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(but taking to g cub. inch. of vital air about 4

grains of phofphorus) ' we obferve the fame. phe-

nomena taking place, as in.the procefs performed

with atmofphenc air; and that phofphorlc acid 1s

produced, which 1s afterwards “diffolved bv thels
water, when f{uffered to enter the veflel. But it wiil

alfo appear, that the intenfity of heat and light is

greater, ‘that more Phofphorus is confimed m an

equal bulk of this air, and, befides, that this air, if
pure, totally difappears. (Ufually, however, there is
found a fmall refidue of azotic gas). .

The phofphoric acid obtained, weighs, even be- .
fore liquefadtion, nay, even after fublequent igni-
tion, more than the phofphorus employed therein.
The increafe of weight is in exact proportion with
the weight of vital air, which has difappeared.
Agreeably to Lavoificr’s accurate ftatement, 1382
cub. inch. (French), or 69,375 grains of vital air
are loft in this operation, if 45 orams (French) of
phofphorus were fully confumed; or 100 parts of
phofphorus deftroy by combuftion 154 parts of
oxygen gas, by weight, and yield 254 pal ts of gon-

crete phofphonc acid,

§ 204,

The deftruction of vital air in the bumng of phof-
phorus inclofed in a quantity of that gas, as well as
its reproduction. from manganefian oxyd, are fuffi-
clent arguments to fhew that it cannot be an

AR G e R
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elaftic fluid originally fuch (§ 30), but that its.

form of elafticity is entirely owing to caloric (§ 31).

Tt confifts, like every other kind of air; of a peculiar
= ponderable, and not of itfelf elaftic bafis of its own,

‘and of the émponderable caloric, which s chemically

combined with this bafis, and transforms it into an

claftic fluid,
ko - § z2e35,

As this peculiar or appropriate bafis of oxygen
gas ought to be diftinguifhed by a particular de-
nomination, Luvotfier has given it the name of
Oxygen, or Acidifying Principle ; partly becaufe
feveral combuftible bodies are changed into acids by

. being burnt in it, and partly becaufe it is a confti-
tuent part, or rather the principle of all acidity, as
will appear from what follows.—Vital air confifts .
therefore of oxygen and caloric, which are both
chemically combined into a new total, and for
this reafon it is denominated oxygen gas.

Synonyma: Fital air, dephlogifticated air, pure airy Jire air,
 (Aér witalis, depb]agyﬁmtm, puras ).

§ z06.

The oxzygen gas itfelf is not contained in the oxyd
of manganefe and other folid or liquid bodies, by
means of which we may procure it ; but only its pon-
derable conftituent part, the radical oxygen, by the
combination of which with caloric, that gas is firft
generated. By mere red-heat it is mot poffible to free
the manganefian oxyd from all _its OXygen.

2 g § 207.
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Yezbyls ]

The combuftion of phofphorus and other inflam-
mable bodies, either in atmofpherical air (§ 193),
or in oxygen gas (§ 203), is, in‘ both cafes, a de-
compofition of the oxygen gas, in which procefs
the caloric is deprived of the oxygen, by the com-
buftible fubftance having a ftronger attra&;on
for it.

§ 208.

Oxygen 1s with us a fimple f{ubftance (§ 8),
{ince we are unable to decompofe it any farther.
- It 15, befides, not exhibitable by itfelf, or. it cannot
be feparately produced in its fimple ftate ; for at the
inftant that it might become free, it would again
~ unite with'the caloric of the furrounding medium,
and form oxygen gas. We know it, therefore, in
no other way than by its combinations. It exifts
very generally difperfed in nature, and is a confti-
tuent part of the atmofpheric air, of water, of all
acids, of all metallic calces- or oxyds, and of all
bodies of the vegetable and animal kingdoms.

Theory of Fire and Combuflion. -

§ 209.

I take here the word fire in the ufual fenfe of
common language, and underftand by it tnat light
whchis comblned with free caloric. Combuftion is -

E 4 ; the
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the extrication of fire with and by the decompofition
of oxygen gas. We fhall keep to the example
quoted of phofphorus (§ 195, § 203). On its com-
buftion two new produdts, the phofphorlc acid and
fire, an{e from. phofphorus and oxygen gas,

: Y250 5

In order that the theory of combuﬁlon bead-

miffible, it muft explain every circumftance by

“'-hjich this phenomenon is accompanied, and be in

" contradiction with none of them.. It, befides; muft

not be inconfiftent: with any other ﬁxed Imauab]e
law of nature, Yt

J
-~

o G

* According to the antiphlogifiicfyfiem (§ IX. In-
trod ). a combuftible body is fuch (§ 194) as is
poflcfied of the power of attracting, in a certain
temperature, the oxygen of vital air more ftrongly
than it is attracted by the caloric. Befides; in that
fyftem, oxygen gas docs not merely confift of
oxygen and caloric, but it likewife contains light,
in a fixed flate (§ 187), as a conftituent part,

2 =
If, therefore, phofphorus, at the temperature re-
quifite to its inflammation, be brought into oxygen .
gas, lt 10bs the latter of its oxy ygen, and makcs with -
it ph ofpl phoric acid ; whxlf’c the caloric and the bafis,
or matter - of light, prevmuﬂy latent in the gas,
are reftored to liberty; and, combmmg toorethel,

produce
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produce the fire which flies off. Thus the oxygen
gas Is decompofed :

A new body, the phofphoric acid, is now ge-
nerated; and, becaufe in many cafes an-acid is pro-
duced by the combuftion of mﬂa.mmable matters
this eircunftance has induced modérn chemifts to
denote the bafis of vital air by the words acszy’y;;;c
principle, or oxygen; not on the ground that it is

{uppofed to be four of itfelf,ibut becaufe it forms .

an acid only when combined .with an acidifiable
" “bafis, as in our experiment with phofphorus. And

it is on this account that, in this {yftem, combuftion
~ has likewife received the name of oxygenation.
But in the cafe (very often occurring) where the
combuftible matter imbibes oxygen, yet without
becoming thereby an acid, the ‘produét is called
oxyd (alfo denominated half- aczd) and -the pro-
celsis termcd ozxydation. 2

Since the combuftible fubftance, takes up the
ponderable bafis of oxygen gas, and fince, accord-
ing to this fyf”em, both the caloric and light are
imponderable, it is thereby accounted for, why the
refidue of burnt matters, the phofphoric acid, for
inftance,. acquires an increafe of weight equal to
that portion of vital air which was decompofed.—
if the inflammable fubftance be faturated with oxy-
gen, it is rendered incapable of decompofing more
oxygen gas; and the combufhon is ended.

= 3 When
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- When the combuftion is performed in atmo-
{pheric air, it 1s then the azotic, either mingled or
“mixed with the oxygen gas, that prevents thefe
_ phenomena from going on with the fame wvivacity
as in pure oxygen gas; and likewile, as the azotic
gas is not affefied or aGted on by the inflammable
-body, it is left as the refidue of the atmofpheric
air. Ha : ‘ ;
§ 212. _
Hence, by that {yftem, the combuftion of phof-
phorus in oxygen gas is effected by a fimple affinity
(§ 48), and the principle of fire i1s not in the com-
buftible body, but in the oxygen gas.

However, from what I have ftated of the com-
pofition of light, I cannot help thinking, that in
combuftion a double affinity takes place; and to ex-
plain this theory I fhall felect the example of phof-
phorus. That f{ubftance confifts of the bafis of
light, ‘called by me phlogifton, and making a con-
ftituent part of all combuftible bodies (§ 191)
united to a peculiar body, the pho/phoric-radical.
—Ozygen gas is a compound of ezygen and
caloric (§ 204, 203).

Now, when phofphiarus'is heated in tl]is‘gaé, and
by this means the force of attraction between the
phlogiften and the phofphoric-radical is {ufficiently
weakened, fo that the attractive power between the

; ' o 'Fadicat’.

e
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radical of phofphorus and the oxygen may prevail,
then the a&t of combuftion enfues. The phofphoric
bafis attrafts the oxygen, while the phlogifton of
the phofphorus is attracted by the caloric of the
oxygen gas. Thus, by virtue of this double affi-
“nity, two new compounds, the phofphoric acid and
- fire, arife from the two former combinations, phof-
phorus and oxygen gas. =

When the radical of phofphorus, and in general
“of any combuftible body, has abforbed fo much
oxygen, that it is faturated with it, the combuftion
is arrived at its higheft degree; and in the fame
manner it is ended, at the moment when all the
quantwity of oxygen gas, capable of being' decom-
'pofed is exhaufted. By this it is explained, why,
in a given volume of-oxygen gas, only a certain
quantity of phofphorus, and in general of every
other combuftible matter, can be confumed by

fire,

The increafe of weight in the refidue of ‘the
burnt fubftance is, in this phlogiftic, or rather
eclectic fyffem (§ IX. Introd.), likewife explained
by the accefls of oxygen; and the caloric and bafis
of light are likewife fuppofed to be both imponder-
able. The remaining azotic gas, not being atted
‘upon by the combuftible matter, is merely the re-
fidue of the atmofpheric air,

= : § 213.
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'---';'-‘ AT . §015

- Thofe that wifh to be impartial, muft aIiow ti;,at

the light, in the antiphlogifiic fyflem, acts a pé,gt

~ quite fuperfluous; that it may be thoroughly fét

afide without impairing  the {yftem; that by tﬁis

fyftem thofe phenomena cannot be e*zplamed where

light iffues from combuftible bodies without any

a,ccefs of vital air, fome inftances of which will

hereafter be given; that the influence of light upon

the growth and thriving of plants, upon the changes

of their mixture during vegetation, and upon the

alteration in the mixture of many other bodies (of
the -white ﬁlver-caxx, for example), i 15° by far too

great, to allow oxygen gas to be confidered “as its

only refervoir. Finally, it muft. be granted (an im-

portant point) that the antiphlogiftic {yftem does

in no way explain the incidents preliminary to the

procefs of combuftion; and that it affords no argu-

ment to fhew why a certain degree of heat is ne--
ceffary, in order that the combu&:ble body be in-

flamed.

However, as young ftudents are eafily perplexed,
by ftating, throughout the whole fyltem of che-
miftry, every explanation vatieadly, according to
both theories, T fhall henceforth explain each phc-
nomenen merely according to the Jfrict antiphlogiftic
fyflem; efpecially as a ¢horough acqﬂ,amtagc:@ with -
this laft, obt1xned by fuch a meffm& will. maloeﬁt :

-,

2% < ;A; c"ify

-

- - o
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eafy to apply afterwards the principles of the eclectic
Juyflem, explained above, to any' phenomenon.

i ' § 214

It a.ppcars by experiment; that combuf’uble bodxes
are burnt cither by mere glowing or ignition, or
~ accompanied with flame. . Chemical analyfis fhews,
that all bodies burning with flame are either them-
felves volatile, or contain volatile conflituent parts,
capable of being transformed by heat into elaftic
fluids, and particularly into vapours: The flame of
burning bodics is, for this reafon, the burning vapour
or burning gas arifing from fuch bodies.

Sioro
Subftances, different in the utmoft degree, may
conftitute the flame of bodies under combuftion.
Even the colour of the flame, {o various, may be ac-
“counted for by this obfervation.

. Examples of coloured flames :

Spirit of wine burns with 'a Bl fAame; the folution of
"~ borax in alkohol with a greeas the {olution of the
muriat of firontion-earth with a 724

n

e §216
5 ‘When {ubftances are mixed, which by their mu-
tual re-afions difengage a fufficient quantity of
‘cal’tmc,cand 1f I'ome mﬂqmmable matter be then
L SR O e - prefent,

Se A
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prefent, a fpontancous mﬂammataon may take place
on the accefs of atmofpheric air.

Such inflances are the inflammation of oils by concentrated
nitric acid, and of the vitriclic acid by calcined mag-
nefia. ;

§ 217 ,

Inflammable mixtures may likewife be {pon-
taneoufly inflamed, if caloric”be difengaged either
by the, gradual aétion of certain conftituent parts
upon one another, or on the alteration of their form,
oceafioned by external caufes.—Examples of this
are: Homberg's 'jr)y?‘oplzorus; the {pontaneous in- -
flammation of pyrites, of hemp, lamp-black, or
wool, with hemp-feed oil ; of the bran of rye ftrongly
roafted, and wrapt up in a packet; as alfo torrefied
root of {uccory, faw-duft of mahogany wood, &c.*

* In the year -1781. a frigate took fire in the port of -
Cronftadt, juft as fhe was preparing to fet fail, though
no fire had been made in her for feveral days before, -

. By this Mr. Georgiy of .the Imperial Academy of
Peterfburgh, was induced to make a number of ex-
periments to account for that {pontaneous inflamma-
tion, and of which are thofe alluded to by the author:
Mr. Georgi's whole paper is inferted in the French
Faurnal de- Phyfque for July 1782.—~—Mr. Nicholfin has
given a concife and inftru&ive abfirad of that paper

in his Principles of Chemiftry, B. II. Sc&. 5 Ch. 6.
--Edlt

AZorTic;
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*

Azoric, or Nitrogen Gas.—.Azot.

§;213. :

- We return to the refidue, left, after the com-
buftion of phofphorus, in a confined bulk of at-
mofpheric air (§ 195). This remaining ait has not-
in the leaft the properties of atmofpheric air; it is
no longer able to fupport combuftion, or to main-
tain life by refpiration. Animals die in it. Its
fpecific gravity is fomewhat lefs than that of atmo-
fpheric air. A Parifian cubic inch of it weighs at
28 inch. of the barometer, and at 10 degr. Reaun.
0,4444 grains {French). e have already diftin-
guithed it by the name of azotic gas. =
Synonyma : Phlogifficated air, corvupted aiv, maphitic air,
Aitrogen gas (aér phiogifiicatus, witiatus, mephiticus ).

4 hioagl ks
- By the analogy of the;q.épticjwith‘other gafes, it
is obﬁous.that it muft be a compound of a pon-
deérable bafis and caloric. ~ To the firft of thefe con-
{tituent parts we give the name of azof. It is not
producible by itfelf alone ; and it has never yet been
- decompofed. Hence it is ranked among the fimple
fubftances. ~ It is not only a radical principle of our’
atmofpheric air, but alfo of many other bodies of
the vegetable, and efpecially of the animal king-
: : - dom ;
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dom ; -upon which account azotic gas may be ob- *
tained from them by various operations. This gas- .
is, befides, met with in the air-bladder of fifhes,
Laftly, azot is one of the conflituent parts of nitrie

acid, of ammoniac, and probably of crude {:Iay', and

fome other fpecies of carth or ftones. ”

According to the ph]ogi.ﬁic fyitem, axot is a dumponnd
of phlogiffon, and the peculiar ﬁzéﬁmmm, or radrmf
principle of azot.

Ludiometer, ; .
~ § 220, x

As that pioperty of atmofpheric air, by which it
1s conduum to the maintenance of animal life on

breathing, folely depends on the quantity of oxygen :

gas which 'it contains; and a8, befides, a “Variety of
proceﬁ'es, whc;eb) vitalair is decompofcd or formed,
are carriéd-on_in the atmofphere (for which reafon
the atmo{'phere eannot every where, and at all times,
contain an equal p’oa:tlon of vital air), it of courfe
became interciting to inveftigate, what might be’ the
proportional quantity of oxygen gagc%ta!hed m»the
atmofphere, and hence to learn-the ﬁtnéfs of air for
refpiration, whu:h depends on 1t gt

No fooner were the mcans of decdmpoﬁng vital
air difcovered, than pains were taken to find out a
 methad by which the above purpofe might be’ob-

tained.

Declieh i /| e
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" tained. The inftrument wherein the oxygen gas,
_of a given volume of air fubjected to examination,
. may be decompofed, and its quantity meafured, is
callec_l- an eudiometer. ) -

_ Priefiley is the inventor of this inftrument. For
: ihis pufpofe he propofed the nitrous gas, which here-
- after will be more fully attended to. Scheele em-
ployed the fulphuret of iron ; and thus we have be-
come acquainted with feveral eudiometrical procefies,
which Wlll be explained in their proper places.

“Of all thefe methods, Ithink the fureft, the moft
fimple, and commodious, to be that which has been
already defcribed; namely, to decompofe the oxy-
* gen gas contained in a definite quantity of atmo-
{phericair by the combuftion of phofphorus, and
to meafure the portion of gas which has difappeared
~ (§ 195). The whole apparatus may be made fo
{fmall and portable as to ferve for a pocket-cudio-
meter. If the inftrument be deftined merely for
examining atmofpheric air, it will be fufficient to

~ apply thefcale (§ 195) from the orifice of the cylin-

. drical tube down to but half its length, or its cubic.
contents; to fketch that feale on a flip of paper,
pafted on the outfide of the eudiometrical tube, and
to varnith it over. This half is divided into Sifty
equal parts, which in this cafe indicate hundredth
paits of theWwhole capacity of the inftrument.

WOL. T, § 221,
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§ 244,

Howevcr, though by thefe eudiometrical expes
riments the quantity of refpirable dir in one kind
“of air may be found, it 1s, neverthelefs, not prac«
ticable to afeertain by them the abfolute goodnefs
and falubrity of fuch air with regard to refpiration.
It would be a good deal more ufeful, had we any
means to difcover, with certainty and acctracy,
thofe principles, or conftituent parts of the air we
breathe, which have a. noxious influenice on our -
health and minner of living, and were we thus en-
abled to ccfmbine a cacomeler with the eudiometer.

Of the vapours and choke-damps of the mmes, in the
fhafts, gangues, and pus.r

§ 223.

The burning of a body, a candle for inftance, is
an' unqueftionable proof of the prefence of oxygen
gas in the atmofpheric air fubje&ed to examination.
We may, fhereforc, advant&creouﬂy make ufe of that
teft, at leaft to learn whether the air, for examples
of fubterranecus caverns, pits, mines; and the like,
may be inhaled without danger.

§ 223.
Finally, whether our. atmofphcnc air be fi mply

mingled of azotic and oxygen “gafes, or whether it
be a true mirfure (meaning thereby a chemical

coni-~
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tombination or compound of thefe two kinds of
air) feems to e not yet fully decided.

Carboric Acid Gas.—Carbonic Radical.

§ 224.

On the burning of charcoal, or a great many
other fubftances, in vital air, another circumftance
occurs ; namely; the generation of a peculiar kind
of gas; which does not take place in the combuftion
of phofphorus.

When charcoal, well charred, is employed, and
the procefs performed in a glafs-bell full of oxygen
gas clofed with mercury, and the coal, having fome
touch-paper or phofphqnis ftuck on, is lighted from
without by a lens eolleCting the fun’s rays, it will
be found that the elaftic fluid under the bell does
not difappear; as is the cafe on the burning of phof-
phorus, but that a new and peculiar kind of gas
ts formed. - This air 1s unfit for refpiration, #s well
as for maintaining combuftion; but is abforbed by
cold water, and ftill more readily by a folution of
cauftic alkali and lime-water, which laft is rendered
turbid by it. Hence, if lime-water be brought
under the bell above. the furface of the quickfilver
by which the gas is confined, the volume of air is
diminifhed ; and whatever remains of it is the por-.

L2 tion
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tion of oxygen gas, which during the combuftion
had efcaped the influence of the coal.

"This experiment performed in a different way.

§ 2254

According to Lavoifier’s accurate ftatement, 72

parts (by weight) of oxygen gas are in this expe-

riment confumed by 28 parts of charcoal ; and both

form together a new compound, confifting of 100

parts (by weight) of this kind of gas, which is ab-
forbed by lime-water and cauftic alkaline lye. ~

k § 226.

Thls gas, thus generated by the burning of char-
coal in vital air, is called carbonic-acid gas. It is
remarkably different from others by its greater fpe-
cific gravity (a Parifian cubic inch of it weighing
0,6898 5 French grains); by its unfitnefs for refpira-
t_i-on, and the maintenance of combuftion; by its
acidity, dete@ting itfelf by reddening the tincture
of litmus; and by being abforbed by cold water,
and (what is done by no gas hitherto treated of)
by its making lime-water turbid.

Synonyma: Fixed air, acrial acid gas, aerial acid, chally
acid gas (aér fixus, gas atidum aérewm, acidum aéreum,

gas acidum crete) gas fylveltre, vinofum mufti of Van
Helmont.

§ 227.
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§ 227.

Like all other kinds of air, the carbonic- acxd gas
has for its principles a peculiar ponderable bafis and
caloric. The firft bas obtained the name car-
boziic acid. The abforptlon of this gas by cold -
water, lime-water, and cauftic lye, confifts in thefe
liquids taking in within themfelves its ponderable
bafis, while at the fame time thcy difengage its
caloric, and confequently the gas is decompofed.
Free carbonic acid, at the pi‘cﬂ”ure of air, and at the
temperature which we live in, s aeriform. On its
extrication, it immediately affumes the acrial ftate.

§ 228.

~

Carbonic acid (§ 227) is one of the radicals, or
conftituent parts of a vaft many bodies. It exifts
in feveral foffils, and efpecially in crude calcareous
carths, as chalk, common lime-ftone, and" marble ;
from which it may be extricated in the form of
gas by other acids of fuperior affinity Wwith cal-
careots earth; and thus chalk is advaniageouily
employed to produce carbonic-acid gas.” ‘This acid
may likewife be extricated by fire from bodies con-
talmng'ﬂ' as will be_feen hereafter: and it is this
fame acid which caufes the frothing in fome acidu-
lous fprings, in fparkling wines (vins mouffeur) as
Champaign, in bottled beer, and at every vinous
fermentation. It is, befides, generated by breath-

i L 3 : lng,



150 More common Subflances. [Chap. 1.

ing ; and the exhaled air never fails to 'cdr_;tain fome
carbonic-acid gas. ' '

§ 229.

The carbonic acid itfelf is evidently a product
from coal, or radical carbon and oxygen; becaufe
the carbonic-acid gas, generated when charcoal is
burnt in vital air (§ 224), weighs exaltly as much
as the fum of the weights of . the coal (not account-
ing its afhes) and of the oxygen gas that were con-
fumed in the procefs At the temperature requifite
to ignition, it attraéls and takes into its’ bulk the
oxygen, or bafe of oxygen gas, and difengages the

fite of the latter, viz. the calonc combmed with
light (§ 209).

§ 230.

Carbon, or pure coal (§ 229), is in the anti-
phlogiftic fyftem a fimple fubftance (the caithy and
- faiine particles making its afhes being confidered as
foreign, and intimately mingled with it). Coal is
taftelefs, infoluble in water, not volatile, infufible,
and indeftrutible in the moft vehement fire, if air
be excluded. Jt requires a high 'tempiure in
order to decompofe oxygen gas; and its affinity with
oxygen 1s fo great, that even in a red heat it de-
prives 2 vaft multitude of other burnt bodies of
thcu oxygen, rendermg them again fufceptible of

1gnition ;
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ignition; whence it is faid to diforyde thole
bodies. This radical abounds in all animal and .
vegetable bodies, and in their proximate conftituent
parts (§ 7). It exifts alfo in crude iron, fteel, and
elpecially in graphite, or black-lead. From this
caufe it is that fome carbonic acid is formed in the
conflagration of all combuftible matters, of both the
animal and vegetable kingdoms.,

According to the phlogiffic fifem, carbon is not a fimple

fubltance, but a compound of phligiffon, and the pe-

- -culiar fubfiratum or bafis of carbos, which in the lift

-fubjoined to § 8 we have called cardonic radical. Hence

alfo, in the opinion of phlogiftians, carbonic-acid is a
compound of this dafis of carbon and oxygen.

§ 231.

When charcoal 1s burnt in common &ir, there re-
mains not only the azotic-air, but -alfo the then
newly generated carbonic-acid gas. This formation
of the latter is the true caufe why coal burnmg in
an 1nclofed fpace of air, whether atmofpherical or
of oxygen gas, is extinguithed before all the vital
alr 1s decornpo{'ed From what has been mentioned
before, it is eafy to judge of the pernicious effe@s
upon the life and health of men, {o frequently caufed
by the burning of charcoal, or, as is the common
expreflion, by the wvapours of charceal, in clofed -
;;Par_tmcnts.

g Water,
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Water.-—HYm;oGEN.-—And Irg?ézz;_zmgzblg Air,
or HYDROGEN Gas.

wiyiogn,

Water exifts in nature in a triple form: as folid
avater, or ice; as a liquid fluid, or water, properly
{0 calied; and as an elaftic fluid, or agueous va-
pour.

',§_2 49,
Ieeisa tranfparent, brittle body, more or lefs re-
gularly cryftallized, and melting at 32° Farenheit.
Its cryftals, if regular, are needle-fhaped, crofling
one another at angles of 6o degr.

§ 234.
- When folid water or ice melts, a confiderable
quantity of caloric is fixed by it (§ 170); which, if
It were at once fuddenly difcharged from the lique-
' ﬁed water at 32° Farenh. would heat wafer of the
fame :t:empérature, and of equal weight, nearly to
.163° Farenh, Liquid water, therefore, is to be re-

garded as a combination of a limited quantity of
caloric and ice. % | :

§ 235

Pure water is an uninflammable ﬁuid, without
colour, tafte, or odour, and certainly capable of be-

iDg
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ing fomewhat comprefled. ~As has been already ob-
ferved, it is merely by the preffure of air that water
is retained in the ftate of liquidity at the temperature
above the freeszr—pomt

_ § 236.

At the preflure of the atmofphere of 28 inches
of the barometer, water requires an intenfity of the
caloric expreffed by 212° Farenb. in order to boil,
and to be converted into an elaftic fluid, or aqueous
vapour. ‘The. quantity of caloric fixed by water
on its tranfition into the vaporous flate, at the
?fual preflure of common atr, is very confiderable.

§ 237
The aqueous, like every other vapour, lofes its
elattic form by (:oolurwr and compreffion, and is by
them decompofed. Its bafis parts from the caloric
m a moft finely-divided ftate, and forms f , wWhich
fhould no longer be called vapour. e

Hence are explained the formation of cluds, of fog,
deaw, and hoar fm/}, the vzﬁb1hty of our breath in
winter; the tamlﬂung, or, as it is termed, the fweat-
ing of cold bodies in warm and damp rooms; the
{veating of windows, and their freezing in fuch
rooms} the icy mcruﬂatmns or hoarinefs of build-

ings, upon thamng, aftcr froft has continued for fome
tlme '

Of the grometer. - ¥ 3
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8 § 238
The atmofphere is never free from aqueous vapour,
which, however, does not injure its clearnefs; it is
only the decompofed yapour, or fog, that makes it
thick *. Thefe vapours, by the continual changes"
of preflure and temperature of the atmofphere, are
ince3ntly, by turas, decompofed and regenerated.
* The reafon of it is, that it is only the fa/ir of the
aqueous vapour, asz. water, but not the wapour

itfelf in pure- eiaﬁ:c ﬂm‘e. which produces moifture.—~
Edit,

| § 239

It is not only by having its temperature lowered
beneath the point of congelation that water lofes its
form of liquid fluidity, but it may likewife become
folid by the attrative powers of other matters. 1In
this laft cafe it alfo gives out part of its. fixed caloric,

as clearly appears from the water of cr_y/z‘allz ation
of fa]ts and earths.

§ 240
Water is a folvent or menftruum of a vaft num-
ber of bodies. ; particularly of falts, and feveral
earths. - By means of thefe falts it likewife bccomes

a menftruum for other . bodies, whxch cannot bg
d1ﬂ‘olved by water alone.

§ 241.
It is from this fa&, that only a fmall quantltyr
of water perfe&ly pure Is met with in nature. To
3 the
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the pureft waters belong the aémo/pherical, efpecially .
ﬁww and rain-water ; and next to thefe the tafte-
lefs fprmg and pump-water, the fofier kinds of which
are purer than the Larder ; which laft derlve theu:
hardpefs, as it is ftyled, from diffolved earthy
neutral falts, The waters, called mineral waters,
are, with refpe& to their prec]ommant contents,
'fubdivic-!ed into Acidulous, Chalybeate, Alkaline,

Bitter, V. iriolic, Cement-waler, and Salt brine-
Jprings; to the laft of which the Sea-tuatc’r be-
longs.

§ 242. :
To’ procure pure water, diftillation is the only
eﬁ‘e&ual means we have. 1t is neceﬁ'ary that this
dxf’cﬁlatlon (hould be performed, in veffels which do
not themfelves contaminate the diftilled water.—
.Purc water is not {ubje@ to any kind of putrefac-
tion, provided it do not happen to be in conta&
w1th orgamc bodlcs

Gafyth de Morvean recommends a cheaper and more ex-
peditious way to obtain pure water. Lumals de
" Chimie Tome XXIV. p. 317. He colledts rain-water,
which by its nature is only defiled by fulphat of lime
talcen up from the platter of the ch1mneys, tiles, and
other pointings of the ridges of the roofs (in France).
—Which to difengage, he filters it firlt, and draps into
it a folution of barytes, preparcd after the manner of
Vauquelin’s (vid. § 343. n.) ; untl after the precipi-
tation has fubfided, the laft drop exhibits no a,Itera-
tion of tranfparency. By the addmon of water im-
‘ pregnatcd
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&gmted with carbonic acid, (which however fotit
not be in excefls) the precipitation may be fuddenly
effefted.— Ed.

; 2
The very old opinion that water might be tranf-
muted mto earth, whlph in latter times has been
endcavoured to be proved by the growth of plants
in ﬁmplg: water, and by its: earthy fediment on re-
peated diftillations from glafs veffels, is at prefent
VcompIctely done away *

* Some plants, eyen of the mo& fucculent kind, and in
the hotteft Clmlates, as the Agowve, Callus, AloZ,
Cacalia, grow on the dryelt ground awirbous avater.—
The refiduary &-atters originated from the diftillatory
wvefiels, or were held in folutmn by the \'.atcr em-
ployed.—Edir, '

§ 244.
. Conirary to the ancient idea, water is not a fimple’
fubftance, but it may be decompofed or refolved

into heteroaeneous pr1nc1plcs, and be avam cpm-
pofed of them. :

i § 243.

Take 2 coated tube made of hard glafs, put into
the middle of its cavity 274 French grains of i 1ror*
wire, rolled in a {piral form, lute to its upper ori-
fice the neck of a f{mall glafs retort, containing
nearly two ounces of water, and place this laft on
a {and bath.—Caufe then the middle part of the
Gl : tube,



Ghap. H.]  Water. Iydrogen, c. 157

“tube, where the wire is lodged, to pafs fomewhat
inclined through a pan of ‘coals, and lute to its
lower end the middle bottle (§ 128.) ftanding in cold
water, and from which the conveying pipe (§ 128.)
iffues, having its other extremity carried under the
funnel of the pneumatic trough.—Thefe thmgs
 being prepared, the middle of the glafs tube is
heated to rednefs, but gradually, while the water
i the retort 1s made to boil, and its vapours thus
forced to pafs through the red-hot wire.

By this procefs, a quantity of a peculiar kind of
air, inflammable, and extremely light, is generated,
—If there be no defe@ in the operation, about
416 Paris cubic inches of this inflammable ai,
weighing 15 French grains will be obtained, after
the atmofpherical air has been fubtracted. The iron
1s changed in the tube, being now friable and brit-
tle, or converted into an oxyd (§ 211.) and i
> Weighs 85 grains more than before the operation.
The water colletted in the intermediate bottle, after
the whole quantity is diftilled over, falls 100 grains
fhort. of v;hat has been employed.

Ir the computatlo'n of the quantities be dif-
regarded, the inflammable air may likewife be pre-
pared in a furer wa'y by placing in the middle of a
gun-barrel fome iron wire twifted {pirally; by lut-
ing to its higher aperture a glafs retort filled with
water ; by making then the middle part of the iron

tube
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tube red hot, and directing its lowet énd under the
funnel of the'pneumatic’ trough.

§ 246.
The inflammable air hereby obtained, is, for rea-
fons that will foon appear; denominated Hydrogen
gas : :

This kind of air is the lighteft of all gafes that
we know of. A Parifian cubic inch of it weighs
at 10° Reamur, and 28 inches of the barometer
0,03539 French grains, and a cubic foot weighs
61,15 grams It poffefies ‘a peculiar difagreeable
fmell; 15 not refpirable, and extmgmfhcs a hght
immerfed within it ; but it is inflammable, and may
be fet on fire by an ignifed body, if vital or com-
mon air find accefs to it. In this manner it burns
with a flame at the orificc of a bottle, defcending
quicker info the veflel the wider its aperture is.

Hence if this gas be mixed with about three
parts of atmofpherical air (by bulk), the inflamma-
tion caufed at the mouth of the flatk by a lighted
candle, {preads in one moment throughout its whole
capacity, and a ftrong explofion takes place :—itill
{tronger, if one part of oxygen gas be mixed with
two parts (by meafure) of inflammable air. The
fafeft way of making this experiment is in a bottle
of gum-elaftic. —-—The{'e mixtures may alfo be made

to
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to catch fire by an electric fpark. Water does not
imbibe nor alter hydrogen gas.

§ 247. :

In the procefs by which this gas is generated
{§ 245.) the increafe of weight of the remaining
iron, added to the weight of the obtained inflam-
mable air, exaétly correfponds to the weight of
water which has difappeared. The natural confe- -
quence of this agreement is, that this part of the
water muft have been fpent, partly on the altera-
tion of the iron; partly on the formation of hydro-
gen gas.  The changes which the metal had under-
gone ate exaltly the fame with thofe that take
place when it is burnt in vital air; hence orygen
muft be one of the conftituent parts of water, and
the other is the ponderable bafis of the inflammable
air, thus produced.

By a farthet inference, therefore, water muft
again be generated by combining inflammable air
with oxygen ; and the fa& fupports this conclufion.
It is on this account, that this bafis of inflammable
air, being the radical of water, has obtained the
name of Hydrogen.—Confequently water s 4 com-
pound of Hydrogen and Ozygen; and agreeably
to the laft quoted, and other experiments, confifts
of 0,15 of the former, and of 0,8 5 of the latter.”

§ 248
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. § 243
The rationale of the procefs, quoted from § 24 5,
is then the following. In a red heat, iron deprives
water of its oxygen, and is thereby reduced to the
ftate of an imperfect calx of i wron, whilft the hydro-
gen of the water combines with the caloric, and -
forms bydrogen gas,

§249. 3

This is confirmed by a variation in the foregoinc
-experiment (§ 245). If inflead of iron, 28 grains
(French) of charcoal, well charred and grofsly
powdered, are introduced into the tube, 524 Pari-
fian cubic inches of gas will be obtained, not reck-
oning the atmofpheric air of the veffel ; and after
the end of the experiment, the coal will be found
to have difappeared, leaving only a f{mall portion
of afhes.—The volume of air obtained confifts of
144 cubic inches of carbonic-acid gas, feparable
from the mafs by lime-water or cauftic lye, and of
380 cubicinches of Zydrogen gas. The weight of the
firlt is nearly 100 grains ; and of the fecond, 13,5
graims. The water colleGed in the intermediate

veflel is 8 5+% grains lefs than the quantlty ufed for
the experiment.

As in this inftance 852 grains of water difappear,
and 100 grains of carbon!c acid are formed; and
farther, as the laft cannot be generated but by the

oxygen,
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oxygen, and as 28 parts of carbon require for that
purpofe 72 parts of oxygen (§ 223), it follows,
that the'8 s % grains of water loft, muft have trans-
ferred 72 grains of oxygen to the coal; and that
the remaining 13 % grains muft have formed the
ponderable bafis of the inflammable gas, or muit
have been the hydrogen, viz. the radical principle
of water.—All this agrees again pretty nearly with
the. above proportion of 85 parts of oxygen to
15 of hydrogen.
§ 2s0.

In this experiment, therefore, the carbon, aflifted
by a red heat, robs the water of its L XT8em form-
ing with it the carbonic acid, which”flies off in the
ftate of carbonic acid gas; while the other radical
of water, the hydrogen, 1s {et at liberty, and unit-
ing with the caloric, efcapes in the claflic form, o«
as hydrogen gas. T

§ 251,

The evidence of this conclufion, drawn from
analytical experiments, is fully completed by fyn-
thefis, or the reproduttion of water, by com-
bining the bafis of oxygen gas with the bafis of hy-
drogen gas.—If with this intention both kinds of
air, in the proportion of 135 parts of hydrogen— to
85 of oxygen gas, are fet on fire in a clofe veffel,
both gafes are deftroyed, and water is again gene-
rated, amounting to 100 parts by weight. To
perform this combuftion with proper conveniency,
SAVOL. I, s M y fome
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fome particular kinds of apparatus, called gazo-
melers, have been contrived.—That propofed by
Mr. Van Marum* is the moft fimple and com
" modious. '

* The Philofopkical Magazine, Vol. II. for Oftober 1798,
page 85, contains 'a defeription of it; to which is
added, a moft beautiful copper-plate engraving,
executed by the mafterly hand of Mr. Lowry. It is
much preferable to Lavoifier’s very complicated
gazometer.—Ed. ' '

§ 252.

S e t}leory of combuftion of hydragen---, in con-
anétion with - oxygen gas, is, according to the
" tenets of antiphlogifiian philofophers, as follows :—
 When both gafes are mixed at a temperature lower
than that of ignition, or red heat, the attraGion of
their refpetive bafes to the caloric is, in that cafe,

»  ftronger than their attra®tion to each other; and,
therefore, they are not decompofed.  But, in the
~heat of ignition, their bafes, namely, oxygen and
hydrogen, again attract each other more frongly ;
and hence they unite to produce water ; and both

the “caloric and light, by which they were retained

in the aerial form, are again difengaged from them,
and conflitute the fire.

In the.f}‘ﬁem of the phlogiftians, the bafis of hydrogen
82s 1s compofed of phlogifton and hydrogen,

$ 253-
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§-da.

. If we eftimate a Parifian cubic foot of water at

70 pounds (French) and an equal bulk of hydro-
gen gas at 61 grains, 1t then follows, from the pre-
ceding proportion of - ‘hydrogen to the oxygen in
their compound, water; that a cubic foot of water
contains 103 pounds of hydrogen, capable of afford-
ing more than 1369 cubic feet of inflammable air.

. § 254

Water can be decompofed only when placed i 1
conta@ with fuch a body as has an attraéhon to
its oxygen, and- of fuperior force to that with which
this laft is attracted by the hydrogen. ~For this
reafon water is " not decompofed on its paflage
through ignited filver, gold, glafs, porcelain, or any
other mcombuf’flble matter, but continues  to be
water.

§ 2550 :

We are as yet unacquainted with any body ca-
pable of decompofing water. by attracting its. hy-
drogen more ftrongly than it is attracred by the
oxygen Nature, however, fecrns - to adopt that
way in the vegetation of plants, w}ﬁcl‘,: expofed to
the fun’s light, decompofe the water: ablorb its hy-
drogen, and fet free the oxygen, which is extrix
cated from the leaves i the form of, ox)gen S
gas’®.

M 2 S Efpeciau,‘r i
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* Efpecially about noon, When.they give it out as pure
as that obtained from manganefe. In the night-time
they imbibe and digeft more carbon, and hence yield
more carbonic-acid gas,—Edit. ' :

a2

§ 256.

 In the fequel, we fhall fhew feveral other methods
of producing hydrogen gas, and become acquainted
with feveral varieties of this laft; all arifing from
this circumftance, that the hydrogen finds oppor-
tunity of diffolving various other fubftances, as
fulphur, carbon, and phofphorus, which of courfe
 alter the nature of the hydrogen gas which is ge-
nerated. Gk .. S
' § 237

: Hydroéen is a fimple fubftance, and not pro-
ducible by itfelf. It enters not only into the com-
7« pofition of water and hydrogen gas, but is likewife
a conftituent part of a great variety of other bodies.
It 15 one of the ingredients in the mixture of .bitu-
mens, of oils, of fats, of ardent {pirit, and of all
the proximdte conftituent parts of animal and vege-
table bodies. -Hence it is that all combuftible {ub-
ftances of the two organic kingdoms yield, on com-
buftion, not only carbonic-acid (§ 230), but alfo
water. ‘

* CHAPTER
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CHAPTER III.
Of Salts in general.

Acids—Alkalis.

§ 258.

THE properties of common, or culinary /fall, to -
be foluble in water, and to excite the fenfation of
tafte, are likewife poflefled by feveral other bodies, -
which on this account are called falts (falia, fales).
Yet, to diftinguith them from other bodies, {everal
earths, for example, not claffed among the falts, we
are obliged to characterize the true falts more dif-
tinétly, by faying, that they are matters {oluble in |
lefs than 200 times their weight of boiling water,
and that they excite a tafte on the tongue.

; § 259.

Some falts require_more, others lefs, of water for
{folution. Moft of them diffolve in greater quantities
in boiling than in cold water. Some are fixed in
the fire, others volatile. Of the laft there are fome
that by themfelves can never be feparated from
water.

M3 - § 260.
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' § 260. '

Solid falts feparate from their diffolvent water
“when its degree of faturation is diminifhed by cool-
ing, or by evaporation, in cryftalline figures (§ 37);
and thefe falt-cryflals exhibit a great variety of
'forms
§ 261
The cryftallization of falts is effected either by the
cooling of their folutions that were faturated, or
nearly faturated, when hot; or by the evaporation
of their {olvent mediym. The firft method is not
applicable to fuch falts, as do not diffolve in hot
‘water in far greater quantities than in cold water.

Particular managements on cry&alhzmg falts in large
and {mall quantities.

§ 262.

The benefit derived from the cryﬁalhzatlon of
falts is, that they are obtained in their own peculiar
fhapes, whereby they are externally diftinguifhed;
that, by this procefs, they part with all thofe im-
purities which either are infoluble in water,. and
- hence are left behind at the fotution and filtration,
or do not enter into the cryftdls; and, finally, that
by this means falts of different natures may be fe-
parated, becaufe they fhoot into cryftals at different

times, according to their various degrees of folu-
b; It\
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§ 263. ;
Salt-cryftals lofe in heat, and fome of them even
in dry and warm air,, their figure and tranfparency,
and fall fo powder, lofing thereby much of their
weight. They are then {zid to qﬁm‘qﬁ"é; and this
change of form is called efflore/Zence.

Examples : Cryftals of Glauber’s falt, green vitriol, and
carbonated’or mild mineral alkali.

§ 264 _

Since efflorefcent cryftals regain their former
weight and figure by being again diffolved in
water and cryftallized; and fince, by diftilling falt-
cryftals, water is driven over into the receiver; this
laft muft of courfe be one of their conftituent parts,
and be combined with them in the concrete or folid
flate. Such water is, therefore, called water of
cryftallization ; and 15 in different faline cryftals
united 1n larger or {maller quantities, and in the
ftate of greater or lefs fixity.

§ 265,

The fpecies of falts produced by art and nature
are confiderably numerous; and remarkable dif-
ferences relative to their properties and aétions on
other bodies have been difcovered.  Whence it is
neceflary, fora better view of them, to divide this
£13fs of bodies into orders, genera, and fpeczes. 1.

SR divide
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-divide them (with regard to their prorimate con-
ftituent parts) into two orders: that of the fimpler,

- and that of the more compound faline fubftances.
The genera of the firft order are: the acids and the
walkalis. Thofe of the fecond order are: the ney-
- tral falts, the middle falts, the melallic falts.

The faeet falts (Jugar) are a genus belonging to the firft
order.

: _Acz'ci%.
: § 266.
- Acids (acida) are falts of a four tafte, changing
the blue colour of various vegetable pigments to a
.1ed, : |
§ 267.

The blue vegetable pigments are not all, how-
ever, turned red by acids—The fyrup of violets,
the fincture of litmus, or paper ftained with it,
and alfo the fowrnefol-rags, as they are called in
commerce, are ufed as re-agents (§ 144) to dif-
cover whether a f{ubflance be an acid.—The tinc-
ture of litmus, {o largely diluted with water as to

" have the appearance of fky-blue, is of all re-agents
the moft readily affeGed by acidity.

§ 268.

Some fpecies of acids fhew their effential diftinc-
tion from each other by the different nature of their

aCtions



ST

ey
LD

Chap. I_II.'] : Acids.- 169

attions on other bodies. Acids are commonly fub-
divided into mineral, vegetable, and animal acids
yet fome acids are common to {feveral bodles of one
Or more kmgdoms in nature. :

In the fcqnel, we fhall confider the followmg as effenti-
ally different fpecies of acids:

3 Carémc -] . -Suceinic b
2. Sulpburic 12. Tartareous -
3. Nitric . 13, Citric
4 Muriatic 144 Oxalic
- Fluoric i alic =
é. Boracic g 16. Gallic facid
7+ Phofpharic : 17. Benzoic
8. Of Arfenic - 18, Aeetic
9. Malybdic : 19. Saccha-ladtic
10. Tung flic < 20. Pruffic Sy

_To which the Chromic-acid is now to be added.—Ed.

§ 269.

All acids are compound fubftances, and confift
of an acidifiable fubfiratum or radical, and of oxy-
gen, which is regarded as the acidifying bafis, or
Prmaple of acidity.

Exemphﬁed by the phofphoric and car‘oomc ac1d§ The
principles of the firlt are phofphorus and oxygen;
thofe of the fecond, radical carbon and oxygen.

&, § 2[0
Acids may, therefore, be decompofed and com-

pounded. The Taft takes place when an acidifiable
radical



.

170 Of Salts in general. [Chap. 111,

radical is under combuftion, and abforbs the oxy-
gcﬁ of vital air, as was the cafe in the burning of
phofphorus (§ 195. 203), and charcoal (§ 224).
- The firft happens when the acid is again deprived
of its oxygen by another acidifiable fubftance of
fuj)cr'{or affinity with oxygen; and thus the acidifi-
able bafis, or the radical of that acid, is reproduced
in a feparate {tate.

§ 271.
Some few acids, however, of thofe that we know
at prefent, have not yet been either compofed or de-

compofed; and hence their radical 15 fhll un-
known. :

To thefe belong No. 4, 5, and 6, of the forefromg lift
(s 268).

§ 272,
Several acids. may be- compbf'ed by art, but not
again decompofed,
§ 273 s

The different acids are chftmgmfhed from each

other by the nature and diverfi ity of their acidifiable
ra,dlcals (§ 269).

§ 274
The ac1dtﬁable bafis of acids is elther S mple or a

- compound.

1. To
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1. To acids having a fimple radical belong, according to
the antiphlogiftic {yftem, the -

1. Cardonic, W_hofé radical is Cardon.

2. Sulpburic - - - Sulphur,

3. Nitric - - - = Azot.

4. Phofphoric - = - Phofphorus. :
5. Ac. of A}ﬁa;c - - Arfenic.

6. Tungftic - e \%zngﬂm.
7+ Molybdic - - - Mobybdena.

2. The acids with compounded radicals are, all thofe men-
tioned above (§ 268, note) from No. 11 to No. 19
inclufive. Their radical is compofed of carbor and
Zydrogen.  The acid, No. zo, has a compound quad-
ruple bafis, confiting of carbon, kydrogen pbq;}’a}:am;,

ami azot.

3+ The anknown radical of fome acids (§ 271) is only by
_ conjeure confidered as fmple.

§ 27 5

Acids, whofe radicals are compofed of the fame
pringiples (§ 274, note 2)_ are diftinguithed from
each other only by the various proportions of their
‘component parts; and may, therefore, by altering
thofe proportions, be converted into one and the

fame acid. :
§ 276. - :
- The acidifiable bafes are capable of being fa-
turated with oxygen in various degrees. If the
faturation be complete, they are called perfect acids,

In the Jfiientific nomenclature the name of thefe
end
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end i Latin by écwm, in Englith by ze.  But if the
acidifiable radicals have not taken up as much oxy-
gen as they poffibly can, they moftly appear in a
ftate of lefs acidity, and go by the appellation of
z‘mpc:;;fect acids. Their names are ended in Latin
By ofum, in Englifh by ous. #

Examples :
: Perfesi Aeids Lipbnfes detds.
¥, Sulphuric Sulpbureaus -
z. Nieric . acid. Nirrous acid.
3. Plofphoric . Phofphoreous
§ 277,

It is thought by fome, that feveral acidifiable ra-
dicals admit of being over-faturated with oxygen;

hence fuch acids have been called ozygenated acids, .

and {ometimes fuper-ozygenated. But they are in

fact nothing more than perfeét acids (§ 276) ; for
fuch an over-faturation is impofiible, becaufe oxy-
gen no where exifts in an uncombined ftate alone

(§ 208).

' Thus, in the methodical nomenclature; the depblogifti-
 cated murigtic-acid, as it was formerly called, has ob-
tained the name of oxygenated muriatic-acids but it is
only the perfolf muriatic-acid.  The common  muriasie-
acid, which till lately has been taken for a perfe
marine-acid, muft be confidered merely as an imperfel?
muriatic-acid.— (Note of the author.)—Yet the fame
terms are made ule of in this tranflation for reafons
fiated in the preface.—Edit,

' § 238,
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§ 278. .

If the acidifiable bafis be combined with oxygen,
yet without ﬁlewmg any of the properties of an acid,
the produ& 1s then called oxyd. Many {ubftances,
by the abforption of oxygen, are converted into
" oxyds, but not into acids, of which water is a firk-
ing inftance.,

Alkalis.

§ 279.

Alkalis (alcalia) poffefs a pungent, urinous tafte,
and change various blue vegetable pigments to a
green; red to a violet, or blué 5;.and yeﬂow to. a
brown. Blue pigments, that havc\’bqén turned red
by acids, are again reftored by alkalis to their ori-
ginal colour; and wice verfa, the aCiions of alkalis
on {uch pigments are deffroyed by acids.

& 2800

Not all the blue vegetable pigments, for in-
ftance not the litmus, are converted into a green,
by alkalis.—As (fefis, or re-agents for alkalis,
are employed the blue [yrup of violets; paper flain-
ed red with a decoction of Fernambuc, or Brafil-
wood ; or ftained yellow by the tincture of furmeric-
root; and, befides, the ¢incture of litmus reddened
by a very weak acid, and alfo the red allanet-tine-
fure..

S §28r.-
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§ 281, 5

Thefe falts are not found pure in nature, buf
always combined with other {ubftances; fuch as the
carbonic or other acids. It is the bufinefs of art to
feparate them from thofe matters. Here we fpeak
only of the pure alkalis, which, for their folvent
power on the cellular membrane and animal fibre,
are alfo denominated cauftic alkalis. The means
of producing them will be mentioned hereafter.

§ 282.

JWe are acquainted with three fpecies of alkalis :
1. the vegelable alkali; 2. the mineral alkali;
- and, 3. ammoniac. The two firft are comprifed in
the common appellation of fived alkalis, as they are
not diffipated by fire; and the laft is called wvolatile
alkali, from its being eafily raifed by heat,

§ 283.

1. The vegetable alkali, or pot-afh, is a white
folid falt, cry@allizing in ftrongly truncated four-
fided pyramids. - When in the cryftalline form it
. diffolves in water, producing a confiderable cold-
né[s; but after having been dried by. fire, or having
Joft its water of cryftallization, it diffolves with pro-
duction of heat. The dried falt rapidly attra&s
maoiflure .f;onl_ the atmofphere, and liquifies, or de-
liguefces; it s alfo eafily fufed in the fire, even at a
_temperature fo low as 360° Farenh. Its folution

: in
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in water exhibits an odour like that of a room
newly white-wathed with lime. It cannot be vo-
latilized by fire. In the ftate of fuﬁon xt read:ly'

diffolves the filiceous earth.

Synonyma : Vegetable alkaline falt, alkaline cauftic-
ftone, foap-lees (alkali wegetabile, lapis mﬁarw al-‘ ,
calimusy lixivium Jfapanarierum). 3

§ 284 ;

The vegetable alkali has not yet been decom-
pofed. It is obtained from the afhes of plants, and
from feveral other pr‘odu&s of the vegetable king-
dom; but in the{'e it s always united with car-
bonic-acid.

The tranflator cannot help adding, that the vegetable
©  alkali has likewife been difcovered in the Zucite, an
earth of the filiceous kind, found® near- Bolzena,
Rome; Naples, on Mount Vefuvius, &c. in Italy:
the firft inflance, indeed, of this alkali being a con-
ftituent part of a fofil. We are indebted for that
difcovery to Mr. Klaprorh’s ingenious and indaftrious
analyfes of the lencite, who by repeated decompo-
fitions found that this mineral confifls, taking a mid-
dle number in 100 parts, of §4 filex, 24 argil, 21
pot-ath.—Vide Klapro:b’s Beytrase zur. chemijken Kents
#ifs dor Mineralkoerper, 8vo. Berlin, 17397, vol, ;[I;’
page 39, of whicha tranﬂation-;i.‘s preparing.

§ 28s.
2. The minéral alkali, or foda (natrum), Wxth .

tegard to the propertlcs abme mentioned, fo much
B L rc’emblea

£
.
* G 3 E. »
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 refembles the vegetable alkali (§ 283), that its effen.
tial difference from it cannot be (hewn, except by
its combinations with acids, and by its affinities;
both different from thofe of the former, ‘and ihew-
ing %1;5_ difference in a vcry ftriking manner.

§ 286.

Soda, or mineral alkali, has likewife not yet been
decompofed. It is obtained partly from the afhes
of fome plants growing on the (hores wafhed by the
falt-waters of the {ea, or the foda, as thofe athes are
ftyled in- commerce; partly from neutral falts, met
with in the mineral kingdom, and in which we find
it combined with an acid, as for inftance with the
muriatic, in the common culinary falt.

§ 287.

3. Ammoniac (ammoniacum) is diftinguifhed from
the former alka.hs by a very fharp, imitating, pun-
gent {mell, and by its great vola.txhty We are not
able to produce it (pure) in the fohc\i{?,fgrm but it
always appears either combined with water, in a
liquid form (liquid ammoniac), in which Rate it is
known by the name of c;zz{/i,ig;fpy:'z:t of ammoniac* ;
or.in the aerial form, and then it is called am-
moniacal gas. Tts compounds are folid only when
it is combined with acids.

Synozgma ;. Volatile alkali, urinous falt (clca/; wolatile, -
Jal uringfum).
* The agua amoniz pure of the London pharmacopeiz.

§ 288.
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When very ﬁrong caufiic fpirit af ammoniac is
gently heated by the fire of a lamp in a retort of
glafs, placed in ‘communication with the pneumatic
quickfilver apparatus ( § 127) the pure ammoniac
contained in the liquid ammoniac combines with the
-Qalﬁric;. affumes the aerial form, and parts from the.
water. By this’ means the ammoniacal gas, or al-
kaline air, as fome call it; is obtained (§ 287), thew=
ing itfelf to be a peculiar fpecies of air.

§ 289;

The ammoniacal gas is poffefled of a ftrong, pun:

gent, and almoft fuffocating fmell. Like other al-
kalis, it produces changes on vegetable colours
(§ 274). Itis inftantancoufly decompofed by water,
which abforbs its bafis, viz. the pure ammoniac,
and is thereby transformed into cauftic fpirit of am-
moniac. It is unfit for refpiration, and fpecifically
lighter than common air; for a Parifian cubic inch
of this gas at 10° Reaumur, and 28 inch barometer,
weighs only 0,27488 French grains. It 1s diffolved
by the vital, atmofpheric, and azoticgafes; but when
carbonic acid gas is brought into contal with the
ammoniacal, and heated; both gafes lofe their elaftic
ftate, and become a concrete {olid {fubftance; naine-
ly, carbonat of "ammoniac *, becaufe in this cafe
the bafes of the two gafes combine w1t‘1 each other,

VOL. 1. 2 N : and
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and form a pmdu& which at the ufual temperature
and preﬂ'ure of our atmofphere does not appear in

th&mnalfonn ' =

-' . _.'I‘he ammonia praparata of the London pharmacopeeia.

$ 290
Ammoniac is an inflammable {ubftance. If am.
moniacal gas be mixed with oxygen gas, the mix-
ture may be fet on fire, even by the ele@ric {park.
Both kinds of air are then decompofed, and the
product of their combuftion is water_and azotic .
§ égl.
- From this it appears, that ammoniac is a com-
pound of hydrogen and azot. According to Mr.
Bertholle’s experiments, its component parts are
6,807 of azot, and 0,193 of hydrogen

By the phlogxfhc fyftem, ammoniac confifts of phlogif-
ton, azot, and hydrogen.

- § 202,

Such ammoniac as 1s produced from animal bodies
by dry diftillation (§ 115), or by their putrefa&tion,
did not pre-exift in them ready formed; but is only
generated by thefe proceffes, and compofed of the
hydrogen and azot contained in thofe fubftances.

N, e_‘dtm[
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A § 293 : .

Alka.hs and aCIds fthew i’:rong attra&mns for ea.ch
other; and they combine to form together new
fpecies of bodies, which do not exhibit the pro-
perties of their conftituent parts; and where both
the acids and alkalis no longer act, or ferve as
re-agents, in the capacity of acid or of alkali.. The
produt” arifing from the combination of an acid
with an alkali, and where neither the one nor the
other has any excefs, is called a neutral Jalt.

Experiment : By faturating nitric-acid with pot-ath.

§ 204
Each acid produces with each of the three alkalis
a particular neutral falt. The number<of the laft
may therefore be found by multiplying the number
of the acids which we know, by three, the pumber
of the alkalis.

§ 295

The diftintive properties of the different nevtral
falts are their tafte, figure;. folutn ity, ‘and Aixity, ;
or wlahhty oo
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§ 296.

All acids have, in every rcfpe& a nearer afﬁnlty
with the fixed alkalis (§ 282) than with ammoniac;
and in many cafes they likewife poffefs a ftronger
attraction for the vegetable than for the mineral
alkalh.

CHAPTER
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CHAPTER IV.

Eaﬂf}u.

§ 297-
EARTH S (Terre) are incombuftible bodies,
fixed in the fire, and, without fome intervening
medium, infoluble in 200 parts (by weight) of boiling
 water.

. § 298.

Simple Earths (Terre fimplices) are thofe
which do not admit of any farther decompofition
into heterogeneous conftituent parts. In nature
" they are always found united amongft themfelves,
or with other fubftances.

§ 299.

We are at prefent acquainted with e:glct diffe-
rent fimple earths: 1. The Siliceous ; 2. Calca-
reous 5 3. ]lffag:»ch Gan, or Talcy; 4. szllaccous,
or Aluminous; 5. Ponderous, or Barytic ; 6. Slrazz-
tian; 7. Circon ; 8. and Auftral Earth.

The Auftral earth fhould be erafed from this Iiff
§ 349. n. and Glucine added.—Ed.

X 3 : AAddle
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- Moft of thefe earths unite with acids in a way .
fimilar to-that of alkalis, They deprive them of
their acxdlty and render them incapable of acting
as acids.  Such earths are, the calcareous, magne-
fian, argillaccous, and firontian.  For this property
they are alfo ftyled alkaline or abforbent earths, and
the produ& _ai'iﬁng from their combination with an
" acid s called a mitddle falt (ful medium).
gl ~§ 301
The middle: I‘R’l‘ts are, as to their external quali-
ties, very analocrous to neutral falts (§ 293). They
are dlf’tmgmﬂlad fmm each other as well by the
difference of tJm:r earthy bafis as by that of their
acid ; and each alkafme carth produces with each
dzﬁ'crent acid a paa‘ncular rmddle falf. Yet {ome of
thefe comb:nat;oﬁs-are of fo difficult a folubility - as
prevents them'from belng claffed with falts (§ 2 58),
and affigns fhexﬁ '\piace amoncr {toncs and earths*,

Each of the a@_g&,}@ikes up on]y a certain fixed

quantity of any. ﬁk‘a;ine carth. A middle falt, to be
3 true p ercht {alt of that kmd, muft contain no ex-

,:l}.'" = : CCfS
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cefs cither of the acid or of the earth. There are,
thowever, fome middle falts, that are employed only
when they have a -redundancy of acid.

5 = 303- ;

The alkaline earths do not all poffefs an equ:ﬂ
degrec of affinity with acids. Some of them fur- -
pafs, others are in this refpect fuspaﬁed by the

alka.hs

- Of Siliceous Earth. = Glafs.

‘ § 304.

The filiceous carth.(filex); ot flint, is the predo-
minant conftituent part of thofe earths and ftones,
called filiceous. = It is found in its pureflt ftate in
quartz, quartz-fand, and rock-cryfial. By itlelf it
1s infoluble m water and acids, except the fluoric ; :
it is deftitute of tafte, and infufible. :

_ § 305 .
Yet however refraltory in the fire the filiceous
_earth may be when alone, it is eafily rendered fufible
by the affiftance of fixed alkalis, pot-afh, or foda,
Thefe diffolve it in a heat {trong enough for fufion,
and unite with it to form a new compound,

glafs. g 5
MRA - § 306,
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:-' < § 306. i

Whence g@aﬁ ( vztrum) is a combma.t‘{en of . the
ﬁllCCOUS earth and a* "ﬁied alkali. The earth ac-
quires fufibility from’ t'!i@ alkali, and the alkali lofes
thereby its folubility % acids and in water. The
more alkali is added to the compofition, the fofter
and more fufible becomes the 'glza[s ; but at the
fame time it is rendered lefs capahﬁ‘fof reﬁftmg the
adtion of water and acids. The goednefs of %lafs
depcnds on the purity of its ingredients, ot ‘thieir
juft proportion to each other, and on their- Eqmg ;
long kept very liquid during the fufion,

§ 307-

Common green glafs is made by fufing together-
fand and afhes containing alkali. ~For the whiter
and finer cryfial glafs, pot-ath, foda, and the purer
kinds of filiceous earth, quite free from ferruginous
matters, are ufed. Some other additions are at
times admixed, partly to ferve as fluxes to the filex,
partly to give a greater denfity to the glafs, and
partly to deftroy the combuftible matters of the
ingredients. - Thefe additions are various in the
different glafs-manufadtories, fuch as gypfum,
litharge, nitre, white arfenicg, and the black OX)d
of manganefe. ;

§ z08. -
The ingredients deftined for the compofition of .
3 glaf: by melting’ ‘are preuouﬂy well comminuted
and
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and mingled.—This mafs, called frit, is firft, by -
~ continued agitation, thoroughly ignited and calcined
in the calcining furnace, for the purpofe of driving
off the carbonic acid gas, which otherwife would
caufe {mall cavities, or air-bubbles in the body of
the glafs. The glafs pots or veflels made of baked
and refractory clay, are then filled with the calcined
Sfrit, ftanding in the glafs-furnace on an elevated
flooring, called the bench, in fuch a manner that
they may be come at by the glafs-maker by means
of holes, or apertures, in the furnace. The frit is
here melted by the fire, and its fufion kept up until
the whole is well incorporated, and flows in a fuffi-
'ci'en,tiy thin {tate as an homogeneous mafs, called
glafs-metal, and wuntil, on trial, no more bubbles
appear. The extraneous falts that are contained in
the pot-afh, and are not vitrified by the fufion, but-
float above the metal, are carefully taken off with a
~ladle, and have received the hame of glafs-gall (fe!
vilry).

The glafs-metal, thus well purified from forcign
matters, and in full fufion, is formed into veflels of
the requifite thape, by blowing and other manual
treatment, and alio fometimes by being caft in
moulds. To diminifh the brittlenefs of glals thus
manufaltured, it is again heated in the cooling
Sfurnace, and then gradually fuffered to cool; which
is called lempering or annealing. '

; IR § 309.
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| § 309

If metnlhc calces be melted with gla.fs the}r tmge

st of various colours:—Thus the common green
gh{‘s acquites its tinge chiefly from the particles of
iron, interfperfed in the fand and afhes made ufe of.
To this fubject belong  the glafs-pafies, as they are
denominated, and the artificial gems. Their chief
fubftance is a pure, hard, eryfal-glafs, coloured

by metallic oxyds. The addition- of calx of lead

rendess the glafs more fufible. When oxyd of tin

is added, it becomes thereby more or lefs opake.

To thefe glafs-paftes the enamel likewife belongs,

wherewith metalc; are covered, and which is either

" tranfparent or opake, white or coloured; and allo
the pigments ufed in pbr'cdaz'?z or enamel-painting.

A recipe for eryffal-glafs. —TaLe one ounce of pure quartz,
make it red hot in a crucible, quench it afterwards
in water, and repeat this uatil it be fuﬁgient]y foft to
admit of being triturated. Levigate it then finely,
and mingle it accurately with half an ounce of pure
falt of tartar, three drachms of calcined borax, one
drachm and a half of flake whtte, and a fcruple of

" npitre.—~Put  this powder into an aflaying -crucible,
luted, and gradually heated. “When the frit has been
for one hour in fufion, let it cool by degrees, break
the crucible, and take off the clear glafs,

§ 310.

- The more alkali is added to the frit, the more
readily the glafs flows, but fo much the_ lefs will it
2 s reﬁ{’c

e
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xefift the action of S.Ci.ds and water, and the mﬂuencc
of the atmofphere. Nay; by an over proportion of
alkali the nature of glals may be fo changed as to

be totally foiuble in watcr, and even to deliquelce
in theair. -

: § 311,

- When, therefore, one part of quartz-land, and
four parts of purified pot-afbes are melted, in
an iron pot placed before the bellows, till ‘the
whole mafs flows wniformly and thinly, a glafs is
obtained  which excites. a fharp and: cauftic fen-
fation on the tongue; is completely diffolved by
water, and deliquefces by the mere moifture of the
atmofphere. - The mafs of glafs thus deliquated in
the air, and diffolved in water, is ﬂylcd liguor qf

ﬁmt.r (Liguor filicum).
. § 112,

Every acid precipitates the filiccous carth from
the liquor of flints (§ 311); and the precipitate
‘has the appearance of a jelly, as long as it continnes
moift. ¥ the liquor of flints be diluted with a
great quantity of water, as for inftance, in the pto-
portion of 24 parts to one of the vitreous matter,
and 1n this ftate an acid be; potred 'upen it, no
perceptible precipitate will fubfide, but the filiceous
earth continues: fulpended in the fluid, 2nd is in-
vifible om account of its tranfparency. It may be
made to appear. by cvaporating part of the water.

‘ The
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The liquor of flints, on account of its affinity with
the carbonic acid, is alfo, in courfe ‘of time, de-
compofed by mere contact with air.

or Calearcous Larth.

§ 313
Calcareous earth (Calz), or lime, 1s in nature
never met with pure, but always combined with an
acid, and very frequently with the carbenic, as in
chalk, common lime-ftone, marble, and calcareous
fpar; hence the carbonat of lime 1s ufually called
crude calcarcous earth. Since the carbonic acid
may be feparated from it by ignition, this becomes a
means to exhibit the calcareous earth in its pure
ftate.
§ 314
For this purpofe an. earthen retort is filled with
clean powdered marble, or other pure lime-ftone,
and being firft joined with the pneumatic appara-
tus, it is heated by degrees till the whole mafs is
red-hot—A quantity of carbonic acid gas is dif-
engaged. The fire muft be kept up till no more
gas “comes over. The remainder of the calcareous
.carth in the retort is now remarkably altered; it
effervefces no longer with acids on folution, as it did
before 5 and it has an acrid, burning, alkaline ‘tafte,
which it did not poffels before ignition. In this-
ftate it is called burnt, or quick lime (calx viva, ufia).

§ 313
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§ 315

This quick-lime is to be looked upon as pure
calcareous earth ; now freed by burning from the
carbonic acid and water, with which 1t was naturally
united. Burnt lime produces a ftrong heat with
the water by which it is flacked; it imbibes and
fixes it very firmly ; on adding more water it is at
laft compleatly diffolved, but requires 680 times its
weight for folution. This folution is called Zime-
water (aqua calcis vive), poflefles a pungent
alkaline - tafte, and acts on vegetable pigments
(§ 279) like an alkali.

§ 316.

Lime-water remains unchanged in well-clofed
_veflels ; but when expofed to open air, it is covered
_ with a thin pellicle, called cream of lime, which on
becoming thicker breaks and falls to the bottom,
making room for another new cruft, till at laft all
the lime is feparated. |

¥ 347

This cream, formed on the furface of limewvater,
is again a crude calcarcous carth; 7. e. a carbonat
of lime, of no tafte, infoluble in water, and again
effervelcing with acids.  The caufe of the alterations
undergone by lime-water expofed to air, criginates
from the carbonic-acid of the atmofphere, which is
powerfully attracted by the pure earth of the lime-

water,
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water, and whereby the earth 1s reduced to lfﬂ
formcr “ftate of crude lime. g

.

§ 318, s

~ The fame changes take place: s with qulck-hnw

itfelf when in conta& with' common * air. . It

gradually attracts not ~only fixed air, but alfo

moiftare {from the atmofphere; and being thereby

gradually flacked, it falls to powder, and 1ofes its
tharpnefs..

§ 319 R
Calcarcous earth is infufible without addition,
even in the ftrongeft fire. Added to glafs-frit it
may be melted, and yields with it a milk-white,
peliucid glats.
3 320
he nature of mortar, or pafte of lime, fand, and
water, whofe* hardenmcr is a fpecies of cryftallization,
depends on the abforption of water by quick-lime,
which not only imbibes, but alfo fixes, or tranf:
. forms it into water of cryftallization. A well-pro-
portioned addition of fand increafes the firmnefs of
the mortar by adhefion to the calcareous earth. The
mortar, to be of good qna_lﬂy, ought to be made
of lime properly burnt, which after flacking has
been carefully excluded from the accefs of air, and
prevented from drying, before it be worked up with
fand. It is only by a thorotgh drying, after the*
abforption of carbonic-acid, that mortar acquires
e e
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% xﬁ,,hafﬂnefs Before drymg it is greatly injured by

froft. y : ¢

Magnefia, or Talcum.

LT R

'Tbe'vmagneﬁan;mrth (mag:éq/ia}* is a confti
tuent part of talc, foap-rock, fteatites, ferpentine,
afbeftus, &c. and is never fomd pure in nature.
It exifts-befides, neutralized, in the Epfom or bitter
falt, in the mothcr-lyc of moft brine-fprings, and
in fea-water.

o (Terra muriatica, ma_gmﬁa Jalis Evyémwgﬁ: ). The au-
thor, as the reft of. Germins, at prefent, calls ig
» earth of tale. —Edlr

§ 322.

The ufual method of précuring pure magnefian-
earth is to precipitate it by means of pot-ath from
Epfom falt, wherein it is ‘combined with " the ful-
phuric-acid into a middle falt, -and is thrown down
by the alkali asa Carbonat of tale, or aérated mag-

? r?f]lan 1

To effett this any port:on, at pleafure, of Epfom
falt is diffolved, by boiliig in a large quantity of
clean water, and to the ftrained folution a Izivium

of purified Pot -afh is fucceffively added, till no more

precipitate is afforded, The néxt ftep is, to boil
; ' - the
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the whole mafs, and to let its fluid parts run through
a linen-cloth fewed in a conical form (the manica
Hippocratis- of former chemifts). The earth re-
maining behind in the cloth is onee more boiled
with much clear water, and returned on the filter.
After which it is freed, by edulcoration (§ 13);
from all adhering faline pa'{'!;‘icles, and laftly dried.

Magnefian-earth thuys=obtained 1s ftill combined
with carbonic-acid, taken ‘up from the alkali, and
which is expelled by ignition in a covered crucible.
It is now called burnt or calcined magnefia (mag-
nefia ufta); and in this ftate only, whén no longer
effervefcing with acids, it may be confidered as pure
magnefian-earth, :

§ 323

Burnt magnefia is neither canftic nor acrid, like
burnt calcareous earth (§ 314); it is neither foluble
in water, nor becomes hot when added to it. It
abforbs again the carbonic-acid gradually from the
atmofphere, and is thercby again rendered effer-
vefcent with acids. By alkalis it 1s not diffolved in
the humid way. When alone it does not melt in
common fire. Mingled with filiceous and calcare-
ous carths, 1t melts in a ftrong heat.

Of
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Of Alumine, or Argilluceous-Earth,

§ 324

Argillaceous earth, or alumine (argilla), is a
component part of argil and every {pecies of clay;
but ought not to be confounded with the clay it-
{elf, 1n which it is always united to filiceous-earth.
Hitherto it has not been found pure any where, e‘x: !
cept in the gardens of the Pedagogium (public
{chools) at Halle. 3

Synonyma : Aluminous-earth (ferra aluminis); pure argil,
pure clay (argilla pura).

§ 325

Though argillaceous-carth may be diffufed, ful-
pended, or divided in water into ~uncommonly fine
particles, it 1s, however, not foluble in it. With
a fmall quantity of water it forms a tenacious,
ductile, kneadable pafte, which fhrinks very much
by drying, and proportionally in all its dimenfions ;
and when {uddenly brought into ftrong fire, before
it is completely dry, it cracks, burfts, and flies in
pleces. If, after being thoi‘oughly dried, it be
baked in the fire, it contrals a great deal, and re-
ceives by burning fuch a degreec of hardnefs as to
firike fire with fteel. Clay, when baked, however

"VOL. 1. 0 . finely
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finely pulvcnzed, is no longer capable of bcmg_
kneaded with water into a ducile pafte.

§ 326.

With carbonic-acid the aluminous-earth has no
affinity.  One of its moft characteriftic properties is»
that it is diffolved by alkalis in the humid way, and
conftitutes with them feveral compounds, which

again are decompofed by acids, though fome of
them only in part. '

To thefe belong

V. drgillaccous por-aff;
2. Argillaceous foda;
3. drgillaceous ammomiac.

‘ § 327 :
Alumine pofiefles a powerful attration to calca-
reous-carth, fo much fo, that it deprives lime-water
of it entirely, if, when recently precipitated and
pure; it be mingled and agitated with it.

§ 328.

- The moft intenfe heat of a furnace is not able

to melt argillaceous-earth alone; but it becomes fu.
fible when lime is addad
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Ufe of Clay for Pottery-Ware.

$ 320

Clay is indebted to the argil which it contains for
fome of its principal charatters, fuch as its {oftnefs
and greafy feel, its dudility or clamminefs on be-
ing worked up with water, its fthrinking and con-
traction while drying and baking. It is always
united with filiceous-earth, which, even without
exception, is its predominating conftituent part.
Pureé elay confifts only of argillaceots and filiceous»
earth; it is fafter in proportion as it contains more
of the firft,~and poorer or more meager according
as the filex abounds. By itfelf it is not fufible in
“fire, does not effervefce with acids, and turns coms
pletely white' by burning. Lime, magnefia, gyp-
fum, fparry fluor, and ponderous fpar, promote its
fufion..

§ 330

Clay is commionly mingled with more or lefs
of calcareous, filiceous, ferruginous, and alfo’ fine
bituminous particles; and for this reafon all forts
of clay are not infufible and colourlefs. The yel-
low or red colour, after baking, always proves the
prefence of iron. Clay may be purified from fand
and groffer filiceous parts by elutriation (§ 12)-

What is the caufe of the odour of fome fpecies of clay
on breathing upon them# '

0 2 - § 331.
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& b § 331 ;

: In common life clay is ufed for a variety of pur=
poles, according to its greater or lefs purity ; and;
what depends on this, according to its colour and
capacity, or incapacity of fufion.

§ 332

The bafer forts of clay, efpecially the coloured
-ones, are employed for making files and bricks.
With this view the clay is wrought with water, in-
terfperfed and mingled with fand, fhaped 1n moulds;
dried in the air, and burnt either in particular brick-
kilns, or in fuch as are united with lime-kilns. ' In
bricks that are commonly fold this great defe& oc-
* curs, that they are manufattured of clay containing
too much calcareous-earths which, therefore, melts
m the fire. For this reafon thefe bricks are but
ihightly burnt; whence they do not refift moifture
and the decay produced by the influence of air. -

§ 333 _

“The common fire-proof, or refra®ory clay, is
ufed in the manufadtures of common pottery.  After
having undergone the proper preparations by wafh-
ing; ‘and kneading with water to a due confiftence
and finenefs, it is formed on the wheel into veffels,
which, after being gradually dried in the fhade, are
coated with oxyds of lead, as litharge, on fuch-
parts as are intended to be glazed, and finally baked

n
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in the potter’s furnace or kiln; where, at the fame
time, the calces of lead melt to a glafs, which
covers the furface of the vefiel like a varnith. The
common_fault found with fuch goods is their not
having been {ufficiently burnt.

Of glazing with. lead in regard to héalth,‘ and its
remedy.

§ 334
Good refratory clay, with an addition of {and,
15 likewife the material for melting-veffels (§ 101).
Pure, uncoloured clay,- which is not tog -meager, is
employed for making tobacco-pipes.

§ 335
Such pottery-ware as is manufa&ured of purer
and finer clay, and coated with better glazing, is
what is termed fayence, or fpurious porcelain. For
this-manufacture the clay is firft properly prepared
by wathing and kneading., The veflels formed of it
are then fully dried in’ the air, and firft flightly
burnt, to be afterwards coated with the glazing-
powder. This laft is done by dipping the veffels
. into water, which holds the ﬁncly—pulveﬁzed glaz-
ing materials diffufed; the veflels, when withdrawn,
imbibe the water, and the glazing materials remain
upiformly fixed on-their furface. When again com-
pletely dry, they are placed in earthen Jaggars
{cafetles), or covered pots, and once more expofed
-6 3 _ -to
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to a heat {ufficiently ftrong to flux the fufible parts
of the glazing marcdlents, while, at the fame time,
the clay-veflel under them is burnt to hardnefs. The
glazing of pottery, owmg to its calx of tin, is not
tranfparent. .

The ufual compofition for glazmg 1 part of quartz-fand,
% parts of pot-afh, 2 parts of calx of lead, and 1 to
1} part of calx of tin, -

S 336.

The genume ﬁane ware, Or ﬁone-porcelam, 1s
compofed of that kind of clay which in a firong
fire, either by its own nature, or by virtue of fome
additions, 'gently fhrinks, but without abfolutely
melting. The furface of thofe wares is glazed by
volatilizing, in the white heat of the furnace, a
certain quantity of common falt, the vapours of
which produce a kind of gla.zing on the furface
of the clay. The faggars in which this manufac- -
ture is burnt are perforated. If the clay be too fat,
or contains too much :irgil to make it fit for ftone-
ware, it 1s corre@ted by adding powdered flint, or
{fometimes marle, fluor-fpar, or chalk. = A great
deal of what is at prefent fold for porcelain, is no-
thing but flone-ware. It is eafy to difcern thefe
two fpecies by their frature. The bottles intended

for holding Seltzer-water are true flone- -ware, though "
of an inferior kmd

'§ 337
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By genuine, or true porcelain, fuch pottery-ware
is underftood as is infufible in the ftrongeft fire
excited in furnaces, is hard, but not fo brittle as
glafs; proof againft any fudden and great changes
of heat and cold; finely grained, denfe, and with-
out glofs on the frature, not glafly, and of a pecu- -
Jiar tranfparency. :
| § 338
~ Several compofitions of mingled earths may yield
-a true porcelain by being burnt; and the porcelains
of various countries differ really in their mixtures.
But the principal bafis of any true porcelain is that
kind of clay which becomes white by baking, and
which, either by intermingled heterogeneous-earths,
or by particular additions, undergoes in the fire an
incipient wilrifaction, ip which the true nature of
porcelain confifts. Feld-fpar and gypfum, if added,
may give that property to infufible clay.

§ 339.

When porcelain is to be made, the clay is pro-
perly felected, carefully elutriated, and amain dried,
It is then finely fifted, and moft accurately mingled
with quartz, ground very fine; to which there is
befides added fome burnt and finely pulverized
gyplum.  This mafs is worked with water {o a pafte,
and duly kneaded; ®it is ufually fuffered to lie in
this fiate for years; and is, befides, wetted with
€ertain ( perhaps quite unneceffary) corrofives, that

: o4 are
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are kept fecret. - The veflels and other goods formed
of this mafs are firft moderately burnt in earthen
pots to teceive a certain degree of compacinefs, -and
to be ready for glazing.—This glazing confifts of an
eafily melting mixture of fome fpecies of carths, as
the petrofilex or chert, fragments of porcelain, and
gyplum, which, when fufed together, produce a
cryftalline, or vitreous mafs, that after cooling. is
very finely ground, and fufpended in a fufficient
quantity of water. Into this fluid the rough ware
is dipped, by which the glazing matter is depofited
uniformly on every part of its furface. After dry-
ing, each article is placed in a feparate caffétte; and
- thoroughly baked or burnt in the violent heat of
the porcelain-furnace~It is ufual to decorate por-
celain by paintings; for which purpofe enamels or
paftes, coloured by metallic oxyds (§ 309), are
ufed, fo caly of fufion as to run in a heat lefs .
intenfe than that in wlnch the glazing of the ware
mclts
§ 340.

To the above the porcelain invented by Beaumur,
is analogous, which may be made of gla[é by a kind
of devitrifac fon ;5 that 1s, by deprivi ing it in part
of its yitreous qualities. For when glafs, beft of
all hard and green glafs, 1s_put into a veflel, and
tovered all over with burnt g)pfum, or fand, or
‘ fl\.!\i.ltb(' afhes, or calcmcd and pulverized bones,
or lime *, and n ths htuatlon exPofed to ﬁre, 1n-

crcaﬁng _
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creafing its vehemence gradually till the glafs be
thoroughly ignited, firft for a fufficient time in red-
heat, and at laft in white-heat; it will then be
found converted into a fpecies of porcelain. :

* Thefe bodLes’ are in this cafe called ce}m;::mg fub~
fances, not to be confounded wuh the cementing
powders (§ 82) —Edit. ;

¥ 341
 To explain the caufe of the formation of this
porcelain, we muft recollect that glafs is a com-
pound of fixed alkali and filiceous earth (§ 306, "
feq.) When, therefore, in the above procefs (§ 340)
the red-heat is long continued, part of the alkali
- melted by heat exfudes, and the remaining part 1s
incapable of effefting a total vitrification of the
filiccous-earth 1n the glafs ufed for the experiment.
Hence the glafs is compelled to affume the flate
of porcelain, or femi-vitrification. The cementing
{ubftances are, in this cafe, of no other fervice than -
that of preferving the figure of the body intended
to be devitrified. ;

Ponderous Earth, or BARYTES.

G § 342
 Ponderous or heavy carth (barytes)* is always
“found in combination with acids; as with the ful-
phmc (ponderous fpar), or with the carbonic
(witherite)..
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{witherite). To procure it pure-, art muft be em-
ployed.

o Terra ponderoja officin,

§ 343

For this purpofe one part of white and pure
ponderous fpar, reduced to a fubtile powder, ‘is ac-
curately blended with three parts of falt of tartar,
and together with this addition kept in a covered
crucible for fome hours in a red-heat. After the
concrete mafs has grown cold, it is ‘pulverized, and

“ boiled in diftilled water, till the filtered lyc abfo-
utely ceafes to give any faline tafle: Tlie earth re-
maining in the. filter is then diffolved in muriatic-
acid, and fuffered to cryftallize. The tabular cryf-
“tals are feleCied and diffolved in diftilled water, and
precipitated from the folution by means of pure
carbonated alkali; whereupon the precipitated earth
1s properly edulcorated. It is now pure ponderous
earth, combined only with carbonic-acid, of which
it may be freed by continued ignition. :

The beft method of obtaining ponderous earth in its
utmoft purity feems to be that of Vauguelin and
Fourcrey, in the Aunales de Chimic, Teme XXI. page
276, by decompofing nitrat of barytes (§ 489) by
the altion of fire. Nicholfin has given a tranflation
of that method in his excellent. Fournal of Natural

Philofophy, Chemifiry, and the Aris, Vol. L. page 535
¢ —Edit. v
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§ 344

This pure and burnt barytes is not fufible by it-
felf. Water diffolves it in but very fmall quantity;
one part of the earth requiring yoo parts of water
to be diffolved *. The folution is pungent to the
taﬁc, and aéts as an alkaline {ubftance on vegetable
colours. By expofure to the air- it is rendered tur-
pid, becaufe the ponderous earth attrals the car-
bonic-acid, and is rendered thereby infoluble.

* Yet, when prepared in the manner of Pauguelin (§ pre-
ceding, note,) it abforbs water with extreme avidity,«
melts with a hifing noife, heats confiderably, folidi-
fies the water, and forms compages like beaten plafter.
Cold water diffolves one twenty-fifth part of its
weight; hélling water more than half.—Edit.

Strontian-Earth.

: § 345
The Strontian-earth-exifts in a fofiil, which, from.
its native place Strontian, in Scotland, has obtained
the name Strontianite, and in which this earth is
~ combined with carbonic-acid. But it is likewife
one of the conftituent parts of ponderous {par,
from which it may be-feparated, if the fluid muriat
of barytes, made for obtaining this earth according
to § 343, be farther cryftallized after the firft cryftals
in the fhape of tables, which are the cryﬁalhzed
muriat of barytes, have fhot, and been removed.
Sl i Far
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For then new cryftals, needle-fhaped and radiated,
- will be formed; and thefe are the muriat of Stron-
“tian-earth. From this {olution in muriatic-acid the
Strontian-earth may be precipitated by aérated or
carbonated alkali. Tae

§ 346.

The natural carbonat of Strontian-earth does not
part with its carbonic-acid even in a very frong
calcining fire but with exceffive difficulty. If this
acid be artificially combined with it, it may be more
cafily feparated. This Strontian-earth, when pure,
and confequently deprived of carbonic-acid, pof-
fefles a corrofive or cauftic tafte. It is foluble in
a large quantity of boiling water, viz. in 250 times
its weight’; but it requires more of cold water to be
diffolved. The folution taftes like ftrong lime-
water, and lofes its clearnefs in the air by attracting
from it carbonic-acid. The faturated folution of
Strontian-earth made in boiling water, if, after fil-
tration, it be immediately and carefully preferved in
a glafs-bottle, fhoots into clear, pellucid cryftals, of
a rhomboidal form and cauftic tafte; which, how-
ever, lofe their tranfparency on expofure to air.

§ 347 .
Strontian-earth is, without addition, infufible even
in the moft violent fire; but in a crucible made of .
clay, it melts with the argil, forming with it a glas.

. Circon~
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Circon-Earth.

§ 348. . |
The Circon-earth (circonia) was difcovered by
Mr. Klaproth firft in the circon (jargon of Ceylon),
and afterwards in the hyacinth, as a predominant
principle and a peculiar [pecies of earth. It is not
foluble in water. Acids diffolve it; yet with the -
carbonic it has no afﬁn;ty. By cauftic alkalis it is
not diffolved in the humid way; it does not melt
by itfelf, nor with fixed alkalis; yet with borax it
melts, and is converted into glafs.

Aufiral-Earth.

§ 349

The dufiral-earth (Cambria) was difcovered by
the late Mr. Wedgrwood in a kind of earth from New
South-Wales. It is infoluble in water, in cauftic
lye, and in acids, with exception of the concen-
trated muratic-acid, aflifted by heat. Simple water
precipitates it again from this folution. Without
addition, the ftrongeft fire will not fufe it.

Terra Sydneia Aufiralis are other appellations for this
earth. Itisat prefent no longer confidered as a dif-
ferent {pecies of earth, fince Mr. Klaproth has by his
analyfis found that it is not fo. Mr. Charles Hateher
has alfo examined two fpecimens, received from Sir
Tofeph Banks, Prefident of the Royal Society; and
the refult of his ingenious refearches is, that #his
earth bas not the properties amnounced by Wedguood, but
ontaing muck filex with alumine, carbivat of iron, and a

Jmall



‘206 OF Earths. [Chap. IV
fmall pertion of wwater; or wolatile matter, But no other fub-
Rance. His papet on this head is inferted in the
Philofophical Tranfadtions for the year 1798, and
alfa in Nickolfon’s ?ournal,. Vol. II. page 72. 3
Tranflator.

Glucine-Eartii.

To the above earth glucine is at prefent added.
It 1s white, infipid, infoluble in water, but foluble in
moft of acids, and likewife in fixed alkalis; adhefive
to the tongue, infufible per /e, but with"borax fufible
into a tranfparent glafs.—The following are faid to
be its /pecific characters : 1. Its falts are faccharine ;
2. it is very foluble in the fulphuric-acid by excefs ;
3. it decompofes the aluminous falts; 4. is foluble
in carbonat of ammoniac; 5. is completely precipi-
tated from its folutions by ammoniac; 6. and its
affinity for the acids is intermediate between mag-
nefia and alumine.

- As none of the known earchis unite the laft-mentioned fix
properties, Jaugielin confiders it as a diftin@ earth. He
difcovered it on analyfing the beryl, and called it carsb
of beryl, of which it conftitutes 16 parts in 100. He
alfo found it in the emerald of Peru. Tt has finee been
called glucire, fr®m the Greek word yhvxoe ({weet), on
account of its moft chara@eriftic property of forming
faccharine falts. TFuture experiments muft thew whe=
ther this fubflance may maintain its place among the
earths as a diftin& fpecies.—See Annales de Chimie

XXVII. page 155 and 170-eq. ; or Nicholfen’s Fournal,
Vol. 0. p. 358 and 39;.—Edit.

CHAPTER



s *_\i __A. & E, 207 ] 2 ‘ ""“‘Z:
CHAPTER V.

Mineral Acids, dnd their Combina-
tions with Alkalis and Earths.

Carbonic Acid.

§ 350

WE have already (§ 227) become acquainted with
the carbonic acid, as the bafis of carbonic acid gas.
This acid is always in the aérial ftate, at any tem-
perature and at any preflure of the atmofphere
which we know of, and cannot be produced, or ex-
hibited by itfelf in a denfe, concentrated, fluid ftate.

Dr. Black, of Edinburgh, in the year 1755, firft noticed
this air in crode lime. Mackride, in 1764, and Facquir
confirmed it by new experiments. Prigfley fet the
matter in the fulleft light, and Bergman, in 1772, de~
monftrated that this gas was of an acid nature, and
called it aérial acid.—FEd. -

§ 351
The aériform carbonic acid is procured, in the
cafieft way, by diffolving chalk or marble in di-
luted fulphuric acid ; and the procefs is performed

in a difengaging bottle (128) placed in conjunétion
with the pneumatic apparatus.

§ 352,
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£ § 352

Fixed axr, or -carbonic ac;d gas, Is abforbed by
cold water ; that is to fay, cold water deprives the
caloric of its bafis \(§ 227), and confequently dé-
compofes the carbonic acid gas. Water imbibes, at
the temperature of 50° Fahr. about an équal volume
of this-gas. This kind of folution is promoted by
{haking. By warmth and heat the attraction of car-
bonic acid for caloric is made ‘fironger than for
water ; and hence the acid is again extricated from
the water, in the formi of bubbles. Carbonated
waler *, or water impregnated with fixed air, thefe-
fore lofes, by boiling, all its carbonic acid ; which,
befides, is fcparated from it by freezing, or by the
- acuon of the air-pump.

* Alfo called aEr_aéedr water (agia i )«

§ 353- _

The fournefs or acidity of carbonic acid, in water
faturated with it, is but weak ; and the acid fhews
its prefence by turning the blue tindture of litmus
red. The acidulous mineral z&aters,— as that-of Eger,
Seltz, Pyrmont, &c. are natural folutions of car-
bonic acid in water; which, by virtue of this acid,
hold fome other matters in folution, whmh could
not be diffolved by pure water.

Artificial preparation of agrated acidulous waters.

§ 354.
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: Scliid o a0

Carbonic acid combines with alkalis and earths
to form neutral and middle falts called carbonats, or
carbonated falts ; whofe diftinguifhing characters are,
to effervefce with thofe acids which are poffeflied of
greater affinity with alkalis than carbonic acid.
Alkalis neutralized by carbonic acid have alfo been
called mild, in eontradiftinction to pure or caufiic
alkalis.

§ 355

It is on account of this ftronger attraction to cat-
bonic acid, that this gas 1s more rapidly decompofed
by alkalis and alkaliae earths than by fimple water
(§ 352). If therefore cauftic lye, or lime-water, be
poured into a glafs containing this gas, and the
veflel be corked ‘and well thaken, a vacuum im-
mediately takes place. In this way it is eafy to fa-
turate cauftic lye with carbonic acid, and ftill more
commodioufly by the apparatus of Pelletier *.

* Neues Fournal der Phyfit, Vol. L. page 265. (Publifhed
by the author).—~Welther has defcribed an apparatus
for faturating pot-afh and foda with carbonic acid.
The intention of this apparatus is to afford an unin-
terrupted contadt between the alkaliand carbonic-acid
gas, and to proportion the difengagement of the gas
to its fixation.—Welther’s paper has been given tranf-
lated from the Admmales de Chimie XXVIL p. 53. in
Nicholfon’s Journal, Vol. IL. p. 369.—Ed. 2

§ 336 .
1. Carbonat of Potafk,-or the mild vegetable

alkali, cryftallizes in four-fided oblique columns,
VOL. I. i terminated
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terminated by two {urfaces obhquely truncated.
The cryf’cals do not deliquefce, or decay in air.
Their tafte is alkaline, but not cauftic. They fill
a& on vegetable pigments as if they were mere
alkali, Water diffolves at 50° Farenh. 2 of its own
weight of them, but in heat 3. The cryftals of this
falt contain, according to Pelletier, 0,40 parts of
pure vegetable alkali, 0,43 of catbonic acid, and
o,17 of water.

Synonyma: Aérated vegetable alkali (alkali wegetabile
acratum ). :

L3

§ 357.

Commen pot-afk (cineres clavellati) or mild ve-
getable alkali, obtained by lixiviation from the
afhes of plants, is already by nature combined with
carbonic acid, becaufe that acid is produced in the
combuftion of plants (§ 230); and for that reafon
it effervefces with acids. Pearl-gfhes, or depurated
pot-af (cineres clavellati depurati), and falt of
tartar (fal tartari), are enly in part carbonats ; and
hence are deliquefcent in the air, (oil of tariar,
oleam tartari per deliquium) and, befides, of a more
acrid tafte. ;

§358

Qur atmolphere .is always impregnated with a

portion of carbonic acid gas; hence a lixivium or

lye of pot-ath is, by long expofure to air, converted
into a carbonat, and becomes cryftallizable.

§ 359-



Chap. V.] Carbonic Acid. 28 -

§ 359:

By hcat the carbonat of pot-afh is deprived of its
carbonic acid, and water of cryflallization. "Never-
thelefs it is difficult totally to difcharge the alkali
of that acid by a mere red-heat. b

§ 360.

2. The capbonat of foda, or the mild mineral
alkali, forms. cryftals of four-fided columns, having
their ends,in oppofite dire€tions, obliquely truncated.
By this, all the lateral furfaces of the column are
pentagons. According to Bergman’s ftatement;
they contain 0,20 of mineral alkali, o, ,16 of carbonic
acid, and 0,64 of water; they efflorefce in dry and
warm.air, or fall to a white powder; they excite an
alkaline ‘tafte on the tongue; are re-agents with -
vegetable colours; and require, at the temperature
of 50° Farenh. 2,4 parts of water for {olution, but
fcarcely an equal quantity of it when bmlmo*—-The
propertics of this neutral falt, when expofed to fire,
are like thofe of the laft § 359.

Synonyma : Salt of foda (/al fidez ) aérated mineral allcali

(alkali minerale aératum ).

§ 361. 3 :
The carbonat of foda (watrox, Trona of the

- Egyptians) * is found ready formed by nature in
' Pz various
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various countries: in upper Hungary, Egypt, Fezzan,
Perﬁa, the Eaf Indies, Siberia, and efpecially at
the bottom of falt-feas, dried up by the fun’s heat ;
and alfo in fome mineral waters, as in that of Eger
on the frontiers of Bohemia. It is, befides, obtained
by lixiviation from /oda, or the athes of various
Plants growing on the fea-fhore and impregnated
with falt.
By the word natron; the aneients probably underftood the
fame fubftance; and this name of watron preparatum,

procured from the lye of the Barilla, is:given to it in
the Lend. Pharmac.—Edit.

§ 362.

According to Bergman, the carbonic acid has not

fo near an affinity with the mineral as with the ve-
getable alkali.

§ 363

When ammoniacal (§ 28%) and carbonic acid gas
are mixed over mercury, in the pneumatic ap-
paratus, both gafes quit their elaftic ftate, and their
bafes unite into a concrete falt, the carbonat of
ammonigc; while at the fame time their fixed ca-
loric is {et free. If very firong liquid ammoniac
(§ 287) be poured into a bottle filled with carbonic
acid gas, and afterwards ftopped up, a carbonat of

ammoniac will be formed, thooting into cryftals, and
the gas difappears.

Synonyma :
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Synonyma : Aérated volatile alLah (alkal; wolatile aératum),
volatile {alt of ammoniac [/zl wolatile falis ammoniaci ).
The London College of Phyficians orders this falt to be
prepared by depriving muriat of ammoniac of its
. marine acid by chalk ; which in the procefs exchanges

for it its carbonic acid. It calls the produd, ammonia
preparata.—Edit,

§ 364. ’
The cryftalline figure of carbonated ammoniac is -
not well decided : Romé de Lifle aferts it to be
a four-fided, comprefled, truncated column, termi-
nated by a dihedral fummit. Thefe cryftals have a
ftrong, pungent tafte and odour ; vegetable colours
are affeted by them ; and they contain, as appears
by Bergman's analyfis, 0,43 ammoniac, 0,45 car-
bonic acid, and o,z of water. This falt is volatile
in heat ; yet without being decompofed.

§ 365
Ammoniac has not fo ftrong an attraction for car-
bonic acid, as the two fixed alkalis have.

§ 366.

The carbonic acid gas is no lefs decompofed by
lime-water. than by cauftic alkalis, fince the carbonic
acid combines with calcareous earth. And becaufe
the carbonat of lime ariting from this combination
is infoluble in water, the lime-water muft, of courfe,
be thereby rendered turbid (§ 317.)

g

r3 : § 367.
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: § 367.

s This carbonatqd calcareous earth, known like-
wife by the name of crude calcareous earth (calx
cruda) abounds in nature, in the various forms of
chalk, lime-ftone, marble, calcareous {par, &c. Itis
devoid of tafte, and infoluble in water. It 1s therefore
beyond the power of art to exhibit it in the cryftal-
line form, as is often done by nature. The com-
ponent principles of the tranfparent calcareous {par
are faid by Bergman to be o,54 calcareous earth, -
0,36 carbonic acid, and o,10 of water.

Synonyma : ~Atrated calcareous earth,-or aérated lime
(calx aérata); mild calcareous earth. 5

§ 368.

Carbonat of lime may become foluble in water,
by an excels of carbonic acid ; as alfo for this reafon,
water impregnated with fixed air diffolves the cal-
carequs carbonat.; This folution Is again decom-
pofed by boiling; as the fuperabundant carbonic
acid is caufed, by heat, to fly off in the form of gas
{§ 352).—On this ground depends the formation of
calcareous fediments or incruftations on the bottom
and around the infide of veffels, wherein water hold-
ing calcareous particles is‘often boiled.

§ 369.
The carbonat of lime in a continued red-heat,

parts with its carbonic acid, and - is thus converted
into burnt or quick-limé (§ 314).

§ 370
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§ 370.
The carbonic acid has a greater affinity with cal-
* careous earth than with alkalis ; and hence the latter
are deprived of their carbonic acid by lime. For
this reafon a turbidnefs direCtly takes place in clear
lime-water, when mild, or carbonated alkali is
added. '

§ qar.

Upon this principle refts the preparation of cauftic
alkaline lyes, and of cauftic alkali. For this purpofe,
one part of depurated pot-ath is boiled with two
parts of lime recently burnt, and previoufly flaked in
a f{ufficient quantity of water, and the hot lyé: is
ftrained through a white linen cloth. This lye thould
not effervefce with acids, or caufe a cloudinefs in
clear lime-water, otherwife it ftill contains a portion
of carbonic acid.—As a general rule, the proportion
of burnt lime to the alkali ought to be regulated by
the greater or lefs portion of fixed air contained in
the alkali.

The vegetable alkali thus rendered cauftic is the Fali
ferum of the London College of Phyficians, to diftin-
guifh it from common potath (§ 357), or the £ali im-
purum, which, befides; is in moft cafes contaminated
with vitriclated tartar.—Edit.

§ 372.
Cauftic alkali precipitates the carbonat of lime,
* diffolved in water impregnated with carbonic acid ;
2 P4 but
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but the precipitate is what it was before the fo-
lution (§ 367), carbonat of lime, or crude calcareous
earth.
§ 373 :

5. The carbonated talc or magnefia has an earthy
appearance, is taftelefs, and {carcely, if at all, {oluble
in water. It is procured by the method ftated
above (§ 322), viz. by precipitating a folution of

Epfom-falt by means of a carbonated fixed alkali.
On being burnt, it lofes its carbonic acid (§ 322
like calcareous earth. :

Synonyma : Agrated talc, or agrated magnefian earth
(magnefia aérata) magnsfia alba offic.

§ 374 )

By an-over-proportion of carbonic acid, the car-
bonat of magnefia acquires a greater degree of folu-

: bility in water.  When fuffered to evaporate flowly
and imperceptibly, this middle falt Teparates from its
folution in cryflals of hexagonal prifms, with hexa-
gonal pyramidal terminations, pellucid and tafte-
lefs, and efflorefcing in a warm air. Their ingre-
dients, according to Fourcroy, are o,2 5 water, 0,25
earth of talc, and 0,50 of carbonic acid. At a mo-

derate temperature, water diffolves no more of them
than % of its weight,
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§ 375
The fixed alkalis, and calcareous earth, exert a
ftronger attrattion for the carbonic acid than is
fhewn by magnefia. But vice verfu, the attractive
. power of ammoniac for that acid is weaker than that
of magnefia. ;

§ 376.

6. Carbonated ponderous earth, which may be
obtained by ptecipitating it from its folution in
oz'&ygenatcd muriatic acid, by the carbonat of pot-
afh (§ 343), 1s earthy, hardly {oluble in water, and
without tafte. It is likewife found ready formed
by nature (Witherite, from Dr. Withering, who firft
analyzed it. * Philof. Tranfa&. Vol. LXXIV). [t
is only with extreme difficulty that carbonat of
barytes is deprived of its carbonic acid by fire alone.
That which is combined by art is eafier deprived of

it. -An excefs of acid renders it more foluble in
water.

Synomyma : Aérated ponderous earth (daryta airata, terra
pondersfa aérata).

§ 377
The carbonic acid poffeffes a greater affinity with
. barytes than with alkalis, calcareous earth, and
magnefia,
‘ § 378 ,
Carbonated Strontian-earth has an earthy texture,
¥ not at all diffolved by water, and is deftitute of
tafte.
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- tafte. This middle falt is likewife procured by fo-
lution and precipitation, The folvent employed is
oxygenated  muriatic acid, and the precipitant is

 mild vegetable alkali. It is found native (Stron-
iantée (§ 345) in granite rocks ; and according to

Klaproth, it has for its conflituent parts 0,693
Strontian-earth, o,300 carbonic acid, and 0,003
water.  Like the natural carbonat of barytes, in a
calcining fire, it parts but with difficulty with its
carbonic acid; yet from an artificial combination of

thefe two fubftances, the acid may be feparated with
lefs difficulty.

§ 379-

The = Strontian-earth {eems to have a nearer
affinity with carbonic acid than the alkalis, lime
and magnefia.

§ 380.
The carbonic acid does not combine with alumine

or argilliceous earth, with the filicecous, circon, and
aufiral earths. *

* This laft falls off, of courfe. Vide note to § 349.

§ 381
If we had a fubftance poffeffing a ﬁrongel afﬁmty
with oxygen than that which carbon has with this

aczdtt}mg principle, we fhould then be enabled to
decompofe, by means of that fubftance, the carbonic
acid, and to educe from ity or exhibit fcparately, the

carbonic
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carbonic radical.- For the prefent, we know mno
fuch fubftance. Yet Mr. Tennant and Dr. Pearfon
have fo far fucqéede?d, as to decompofe the carbonic
acid by means of double affinity (§ 50).. For that
purpofe they expofed phofphorus with carbonat of
lime, or with carbonat of foda, in a glafs tube; to
a ftrong red-heat. - The refult was, that carbon was
formed; and, befides, phofphat of lime, or phofphat
of foda. The experiment deferves well to be far-
ther examined.
§ 382.

Is there fuch a thing in nature as imperfect car-
bonic acid, or oryd of carbon 2 * 1 fufpe its éx-
iftence in the venous blood of warm-blooded ani-

mals. :
* Charcoal feems to be fuch an oxyd, in the opinion of
" Guyton. Sge note to § 1163.—Ed.

Sulphur.

§ 383
Sulphur is a fimple, inflammable, acidifiable {ub-
- ftance, of a yellow colour, infoluble in water, with--
out odour, except by friction, or on being heated,
and of a peculiar, faint tafte.

§ 384.

All the brimftone, or fulphur, of commerce, 1s
the produét of nature, and merely feparated by art
from other extrancous matters. Befides, that now
and: then pure native fulphur (fulphur natioum
virginewn) is found, it is frequently met with

5 combined
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‘combined with metallic fubftances that are mi-
neralized by it; more efpecially 1n pyrites (pyrite),
from which 1t is extratted by a particular kind of
fufion or diftillation. By another method 1t 1s alfo
obtained, as an acceflory produdt, on the roafting
of other minerals, in which it is an ingredient.
Sulphur, whatever.way procured, is caft into rolls -
for fale, and then called roll-brimfione (fulphur
COMMURE, cztrmum)

iy e :

 Sulphur, when heated, becomes firft foft before
it melts, and its fufion commences at 224° Farenh.
At this degree of heat, and fomewhat higher, it
begins to rife in vapours, which readily kindle, as
may be eafily perceived in the dark. When melted
fulphur, in maffes of not too fmall a fize, cools
undifturbed, it readily cryflallizes in the fhape of
thin needles. Native brimftone -is moftly found
in oltahedral cryflals, though with fome variations
of figure,

§ 386,

In the beginning of fufion fulphur is very fluid ;
but, by continuing the heat, it grows tougher, and
of a red-brown ~colour; in which ftate it has al-
ready taken up a portion of oxygen, and pafles
with it into the flate of beginning oXygenation
{oxyd offu!pfzzzr) If, in this condition, it be
poured into water, it remains as foft as wax, and

yields
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yields to any impreffion. In time it hardens
again, and recovers its former confiftence and
colour, ;

§ 387..

If, to prevent inflammation, melted fulphur is
debarred from the accefs of external air, i fublimes.
in vapours, adhering to the veflel in the form of
flender needles, which have obtained the name of
- flowers of fulphur (flores fulphuris). But they
are feldom quite free from fulphuric acid, which
has been gencrated in the fubliming-veffel by the
decompofition of vital air.

§ 388.

- If melted fulphur be expofed in open air to an
increafed heat; it takes fire, is entirely confumed,
.and burns with a flame, and an acid, fuffocating
vapour. The fulphur is by this combuftion changed
to an acid. If the heat by which burning ful-
phur is confumed be only weak, its flame is blue,
and the acid then generated is imperfect (§ 276),
very volatile, and aériform. This imperfect ful-
phuric acid we thall prefently examine more clofely
under the name of fulphureous acid. ' But if the
heat be ftronger, the flame of the fulphur is white-
and lively, and a perfect Sulphuric acid, n the va-
porous ftate, is formed.

§ 389.
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gereie: : § 389.

Put fome threads, previoufly, dipped in bnm-
ftone, into a capfule, or fmall fhallow veflel made
of tin, and placed in a cup floating on water; fet
fire to the threads, and cover the whole with an in-
verted gls.fs-bell filled with vital air. A part of the
fulphur only will be burnt; the oxygen gas will be
decompofed, and the water will rife in the bell. The
oxygen gas, though abfolutely pure, is not, how-
ever, all decompofed; becaufe, bj the vapours of
the acid, and the fulphureous gas thus ‘generated,
the {ulphur is extinguithed before it can be totally
confumed. The water that has rifen in the bell is
now four, and reddens the tin&ure of litmus in the
moment of contact. It is, however, impregnated
with imperfect, as well as perfe&, fulphuric-acid
(§ 388); the former of which, if expofed to air, is,
after fome time, transformed into the latter.

Of the iritus fiipburis per campanam.

§ 390.

According to Berthollet, 6g parts of fulphur ab-
forb on combuftion 31 parts of oxygen, and form
with it 100 parts of concentrated fulphuric acid;
that is to fay, as free from water as its nature will
allow. This ftatement, however, is not quite un-
queftionable. It appears from this, that the ful-
phuric acid is compofed of fulphur and oxygen.
The firft takes up the latter from the vital air dur-

- - ng
] 3
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ing the heat of inflammation; thus decompofcs the
oxygen gas, and dlfengages its caloric.

; 'Sz;'lp'kuriééﬁqid.‘ -

-§ 391, "

- The fulphiric-acid, which is alfo called vifriolic-
acid (acidum vitrioli), is likewife frequently ob-
tained, in great quantities, by the combuftion of
fulphur. In this way it is principally prepared in
England ; for which purpofe peculiar apartments,
with their infides lined all over with lead, are con-
ftrutted, in order to inclofe the burning fulphur.
- But becaufe the fulphur would in that fituation be
foon extinguifhed, and never burn with due viva-
city, about the eighth part of its weight of nitre is

 * mingled with it to fupply the vital air, without

which no combuftion can exift (§ 196).—Both the
water at the bottom of the chamber, and alfo the
aqueous vapours conveyed into ity imbibe ‘the ful-
phuric-acid as it forms.—The weak or diluted acid
thus ebtained is collected and concentrated, by eva-
porating the fuperfluous water in glafs-veflels.

§ 392. :
Sulphuric acid, concentrated in this manner, is
{old under the name of eil of vitriol (olewm vi-
triok) *, "and pantlcul:xﬂ) with the appellation
Enc«'lz k, to,diftinguith it from another {pecigs that
is
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is called Saron oil of vitriol, or of Nerdhaufen, and
which is obtained from green vitriol by diftillation.
Every kind of concentrated fulphuric acid, formerly
found in commerce, was prepared in this laft me-
thod ; and it is on this account that the fulphuric-
acid is generally called vifriolic-acid.

#* The unftuous and oleagineous appearance exhibited
by this acid, and the little noife which it makes when
poured from one veflel into another, together with its
produdion from vitriol, have been affigned, for the
caufe of the denomination, o/ of witrio)/—Edit.

§ 393 .
The vitriol itfelf, from which fulphuric acid is
{till occafionally extracted, 1s a metallic falt, com-
pofed of calx of iron and fulphuric acid, with or
without calx of copper; it has a green colour,
forms rhomiboidal cryftals, and excites an aftrin-
gent, bitter tafte. It is commonly named green
wvitriol, or copperas, though in its pure ftate it con-
tains no copper.

The fulphuric acid of this, as well as every other
kind of vitriol, derives its origin from fulphur, fince
this vitriol is obtained from pyrites, a combina-
tion of fulphur and on, at times interfperfed with
copper. This pyrites, efpecially when roafting, de-

- compofes, even at a moderate warmth, the‘oxygen
gas .of the atmofphere. For its fulphur abforbs
oxygen from the atmofphere, and is converted into

: ful-
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fuiphuric-;icid; while the iron, on the other hand,
likewife takes mp pait of the oxygen, is thereby
oxyded, and unites with the {'ulphuncuamd to form
with it the metallic falt, vitriol. The pyrites lofes
by this procefs its hardnefs and metallic {plendour;
it is reduced to a pulverulent ftate, and now ex-
hibits a barth tafte. The vitriol is laftly procured
from it, ready for ufe, by lixiviation with water and
. eryftallization.

— § 394 :

This vitriol, or fulphat of iron, is {eparated by
heat from its {ulphuric acid. But as in the cryftal-
line ftate if contains a large quantity of water of -

- eryftallization (§ 239 ), this laft would greatly
weaken the acid to be obtained by diftillation, and
the operation would unneceflarily be prolonged.
The water is, for this reafon, firft expelled by roaft-
ing the vitriol in iron-pots till its colour is red;
which when done, it is diftilled from large earthen
and coated retorts by a reverberatory fire (§ 59).
Strongly concentrated fulphuric-acid (partly in
fmoke-grey vapours, partly in drops) paffes then
over into the receivers, which are fitted and well
luted (§ 122) to the retort.

§ 395-

Oil of vitriol is a very ftrong acid; it burns and
corrodes the fkm. When pure, it has nezther co-
lour -nor {mell, but is very apt fo turn more or

YOL; 1. e lefs
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lefs brown, and of a fulphureous odour, by com-
buflible, animal, and vegetable matters, as is ufually
the cafe with what is fold in the fhops. Its fpe-
cific gravity is from 1,800 to 2,000. It is of con-
fiderable fixity dn fire, and requires a ftrong heat for
ebullition. On account of this property a weaker
oil of vitriol may be made ftronger, by evaporat-
ing part of its water. Notwithftanding this, the
firongeft fulphuric-acid always contains {ome
water. '

§ 396
Sulphuric-acid procured from vitriol, or the
Saron oil of vitriol, emits whitith grey vapours,
which is not the cafe with the Englith, prepared by
burning {ulphur.

It the firft be fubjeted to a gentle fand- heat,
in a retort of glafs having a very dry recipient~
luted on, a ftrong white {moke comes over, and
15 there, efpecially in froft, concentrated to a con-
crete glofly fubftance, which adheres to the veflcl
in a ftar-like or radiated figure ; {mokes exceed-
ingly much in a warm air; produces great heat with
water, forming with it diluted fulphuric-acid; at-
tracts the moifture of the atmofphere; and liquefies,
becoming thereby commeon fulphuric-acid. What
remains of the oil of vitriol in the retort has now
loft its fuming qualities; and on this volatile fub-
flance depends the property ‘of the Saxom oil of

vitriot
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ntrlol to congeal in a moderate cold to a cryftalline
mafs, (glacial oil of vitriol).

By evaporating that volatile matter the oil of
vitriol is deprived of this property; and pure white
{ulphuric- -acid does not freeze, unlefs in a confider-
able cold. 'The volatile fubftance juft mentioned is,
according to late experiments, a combination of
concentrated fulphuric with {fulphureous-acid; which
laft we fhall farther make an object of our en-
quiries.

§ 397

‘Sulphuric-acid has a ftrong tendency to unite
with watef, and it atfracts moifture from the air.
Smoking oil of vitriol lofes, for this reafon, its fum-
ing property, as well as its icy or glacial appear-
ance. The fulphuric-acid produces, on being mixed
with water, an inftantancous and very great heat;
and for this reafon, when it is to be diluted, it
fhould be dropped little by little into the water,
and not the water poured upon the acid. The
fulphuric-acid thus weakened is called in the fhops
Jpirit of vilriol.

' § 398.

Oil of vitriol, as it is fold, is not entirely pure
fulphuric-acid. Though by boiling in open veflels
it may be freed from its brown colour, and thcreby
made whiter; however, this is by no means compe-

tent to purify it completely, but it requires to be
Q2 reftified
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re@ified (§ 115). This re&ification, in fmall quan-
tities of about half a pound, is performed in the
beft way in fmall glafs-retorts, placed in the crucible-
or fand- bath (§ 63). The heat applied in this cafe
muft be moderate and well regulated ; and the re-
ceivers are joined without any lute.
- § 399- :
With alkalis and earths the fulphuric-acid affords
fome peculiar combinations of the neutral and mid-
dle faline kind, called Julphats. Of which,

1. The fulphat of pot-ath, or fulphated vegefable
alkali, Thoots into fmall criﬁals, which in their re-
gular ftate are a {ix-fided column, or prifm with
fix-fided pyramidal terminations. Yet commonly
it forms only a cohering lump or cruft of falt, on
whofe furface the polyedral ends of the cryftals pro-
tuberate. This neutral falg,g of a bitterith tafte,
‘'of difficult folubility in water, and requires for fo-
lution, at a moderate' temperature, 12 parts by ‘
weight, and of beiling water 4,120 parts. . Ac-
cording to Bergmaw’s analyfis, it contains in the
cryfialline flate 0,40 of concentrated fulphuric-acid,
0,52 of ‘wegetable alkali, and 0,08 of ‘water of cryf-
tallization. - The eryflals are permanent in the air.
By mere heat, without conta&t with coal, the ful-

phuric-acid cannot be {eparated from them, =g -
melts only in a white heat.

Synonyma -
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~ Synonyma: Fitrislated tartar (tartarus vitridatus); jfal
de ducbusy ercanum duplicatum, fal polychreflum Glaferi ;
kali witriclatum of the Loandon college.

§ 400.
The ﬁﬂphat of pot-ath, in commerce, is not pre-
pared by dire& combination of its two principles;

but is moftly obtained accidentally, as on the de-

compofition of faltpetre by fulphuric-acid, and the
like ; and fometimes alfo on decompofing {ulphat
of iron, or vitriol, by means of pot-afh. ~ This
neutral falt is but feldom found ready formed by
nature. It is, indeed, frequently an ingredient in
the athes of various plants, and hence met with in
pot-athes; but it does not follow from this, that 1t
had pre-exifted as fuch in the plant.

§ 4o1.

. The vegetable alkali may be over-charged with
{ulphuric-acid, if that acid be diftilled upon it with
a continued heat fo as to render the alkali red-hot
and completely dry.

. § go2.

2. 'The fulphat-of foda, or fulphated mineral al-
kali, forms large, well-fhaped, tran{parent, flattened
cryftals, of fix-fided columns, with ftriated {urfaces,
and fix-fided- pyramidal terminations. It excites a
cooling, bitterif}i {enfation on the tongue; Is very
foluble in water, requiring, at a moderate tem-

AR e perature,
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perature, hardly three times, and of boiling water
hardly its own weight, for folution, Thefe cryftals
efflorefce in warm dry air, falling to a white powder;
and, when in-a perfec ftate, contain, as Bergman
ftates, o,15 of mineral alkali, 0,27 of {ulphuric-
acid, and 0,58 of concrete water. This laft caufes
them to melt in heat; but after the water has gone
off in vapours, a white heat is required to fufe the
falt in the ftri& fenfe. Nor is heat alone fufficient
to expel from it the fulphuric-acid.

5ynonyma Glauber’s falt (fal mirabile Glavker:) natron
witriolatum of the London college.

§ 403.

We certainly find this neutral falt in the foffil
kingdom formed by nature; fuch, however, as is
fold, is the produc of art, and is either obtained
from the crufty fediment of fuch brine-fprings as
contain Epfom-falt, by lixiviating that matter, and .
eryftallizing the fltered lixivium in a freezing cold ; -
or it is obtained in great laboratories as a profitable
refufe matter, after the preparation of other falts,

§ 404, L :
Soda, or mineral alkali, has with the {ulphuric-
acid an affinity inferior ‘to that of pot-afh; hence

the fulphat of foda is decompofed by the latter in
the humid way.

§ 403
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’ § 405 :

3. The fulphat of ammoniac, or fulphated volatile
alkali, likewife cryflallizes in comprefled fix-fided
prifms, with fix-fided, more or lefs regular, pyramidal
terminations. Its tafte is of the bitterifh, acrid
kind ; it eafily diffolves in water; and, in the cryf-
talline ftate, it"is faid by Kirwan to be compofed
of 0,40 of ammoniac, 0,42 of fulphuric-acid, and
0,18 of water. Thefe cryftals do not decay in air
By heat this neutral falt is decompofed.® It has
~been found native in the neighbourhood of fome
volcanos. ;

Synonyma: Glauber’s fecrer falt of ammoniac ( fal am-
moniacum. fecretum  Glauberi ) 5 witriclic falt ammoniac

(fal ammoniacum witriolatum, <itriclun ammoniacale ).

§ 406.
Sulphat of ammoniac is decompofed by both the
fixed alkalis, {foda amd pot-ath, thefe having a
ftronger attraction for the fulphuric-acid.

§ 407

4. The combination of fulphuric-acid with lime

is of very difficult folubility, fo much fo, that if the
acid be not largely diluted with water, all the dif-
dolved mafs 1s direétly: thrown down again as a
white precipitate. This fulphat of lime is of the
fame nature with native gypfum, or plafier of
Paris. Art cannot produce it in {uch cryftallive
QA forms,
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forms, and with that tran{parency as nature fre-
quently prefents it to our view in the ﬁlem’éicﬁ)ar
( lapis ]'pz—c;uldris, glacies marie). -

Synonyma: Gypfum, felenites, calx-vitriolata.

§ 408.

Sulphat of lime, to be diflolved, requires nearly
470 parts of boiling water; and this very difficult
folubility is the caufe why chemifts are unable to
exhibit their artificial fulphat of lime in fo large
and beautiful cryftals, as are frequently prefented by
the natural felenitic-fpar. This laft, when eryftal-
lized, contains, after Bergman, 0,32 of calcareous
earth, 0,46 of fulphuric-acid, and 0,22 of water of
cryftallization.

§ 409. :

If gypfum be burnt, its water is driven out, and
1t is then called burnt gypfim. In.this ftate it im-
bibes water, and completely cryftallizes with it ; and
on this property depends the ufe of burnt gypfum
for a fpecies of mortar, called plafier-moriar, and
in fucco-works. : '

§ 410.

Heat alone is not fufficient to expel the fulphuric-
acid from gypfum; yet, when expofed to a white
heat in 2 crucible made of clay, this fulphat of
lime melts at laft, and vitrifies.

§ 411.
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. § 4.1 l-

The {ulphuric-acid is not fo ftrongly attra&ted by
alkalis as by calcareous-earth.  Sulphat of lime may,
indeed, be decompofed by carbonated alkalis; but.
this is effeted by double affinity.

3 § 412. :

5. Magnefian-earth is eafily diffolved by ful-
phunc acid, and affords with it, though but mo-
derately diluted with water, a clear folution. By
this property it is eafily diftingvifhed from cal-
careous-earth (§ 407). The fulphat of magnefa,
or bitter falt (fal amarwm), taftes bitter, cryf’ta.l-
lizes in regular four-fided columns, whofe ends are
obliquely truncated, but whofe furfaces are not
ftriated. In time, and by warnith, its cryftals give
out their water, and eflorefce. Their conftituent
parts are o,19 of magnefian-carth, o,33 of ful-
phuric-acid, and 0,48 of water, as Bergman afferts.
To effe ‘their folution, at 50° Farenh. about twite:
their weight of ‘water, but of boiling water only
%-are neceflary. /

Synonyma : Epfom falt 5 witriclated maguefia.

§ 413 : :

The. fulphurlc acid cannot be dlfengaged from
Epfom-falt, or fulphat of magncfia, by fi imple ap-
nhcanon of heat; yet this middle falt is decom-
“pofed



254 }l{mfml Aads &c [Chap. v,

pofed by the fixed alkalis, as well as by lime-water,
by whofe ftronger affinity with fulphuric-acid . this
laft is feparated from magnefia. ~From the fulphat
“of foda this falt is readily diftinguithed by the tur~
bidnefs which it caufes if one of its cryftals be dif-
{olved in lime-water. Ammoniac decompofes but
a {mall part of Epfom-falt; there rather arifes from
their mixture a triple falt (JMagnefia ammoniaco-
Julphurica), :
§ 414,

The fulphat of magnefia s found native in fe-
veral places, partly as a concrete faline efflorefcence,
partly diffolved in mineral waters, as in ditter fuline-

- Jprings, and fometimes in other {alt-fprings, from
the mother-water of which it is extratted with pro-
fit..  Much of the bitter-falt of commeige 15, how-
gver, the product of art, -

: § 413.

When concentrated fulphuric-acid is poured upon
magnefia recently burnt, it produces with it fo
firong a heat, that in a dark piace it is perceived
to throw- out fparks,

Confult § 174, note 8.

§ 416,

6. The refult of the combination of fulphuric.
acid with pure argil (§ 324).1s alum, or fulphat of
alumine (alumen). 'This middle falt has a fw eetly-
auftere and aftringent tafte; it.forms octahedral
cryltals, of which feveral are bundled together in

groups,
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groups, in fuch a rmanner as to reprefent a notched
or indented column. It is not very foluble in cold
water, and requires miore than 18 parts of it to be
diffolved; of boiling water not quite two parts are
neceflary.  Alum, perfeétly pure and in the cryftal-
line form, contains, according to Bergman, 0,18
of alumine or pure argil, 0,38 of fulphuric-acid,
and 0,44 of water. The cryftals do not eafily decay
in the air, = :

Synonyma: Viiriolated argil,

§ 417.

Alum, when on the fire, melts in its own water
of cryftallization. While this Iaft is evaporating,
the fluid alum gets tougher; froths and fiells up
exceedingly; and, when completely dry, it affords
a loofe white and very friable mafs, called burnt
alum ( alumen wfium ). By a red-heat, part of
the fulphuric acid may be driven out of the alum,
but not the whole.

§ 418.

Sulphat of alumine 15 a middle falt over-loaded
with acid; and for this reafon 1t not only reddens
the tintture of litmus, but alfo takes up more argil,
if an aqueous folution of that falt be boiled upon
clay newly precipitated. The {ulphat of alumine is
then completely faturated, and conftitutes a falt
(the glafs-felenite of Baumé) almoft infoluble, of
hardly any tafte, and exhibiting cubic cg‘y{‘fa]s.

§ 41q:
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-3 The.:more fulphUric;acid is added to alum, the
Jefs it is capable of cryftallizing.

§ 4zo0.

Alum is certainly found ready formed in fome
mineral waters, in coal-mines, and in the lavas of
voleanos; yet the greateft part of what is fold is
made bg; art:

The moft ufual foffils from which it is obtained
in large quantities are the aluminous fhifél, which
do not contain this falt ready formed, but are a
kind of bituminous argillaceous flate, interfperfed
with pyrites. By the decay of this laft only, the
fulphuric-acid is formed, which unites with the
argil to form alum, and with the calx ‘of iron to
form vitriol, If the argillaceous f(hifti are impreg-
nated with much bitumen, they are firft torrefied 5
‘but, if otherwife, they are fimply left to moulder in
the air, and afterwards are lixiviated, when this de-
cay has reached the due degree. Such of the raw
lixivia as, by its faline contents, is thought worth
boiling, is evaporated in leaden pans; and 1 hen, by
cooling and agitation: in wooden cifterns, caufed ta
precipitate in fmall cryftals, 5
~That part which remains of it, or the mother-
_seatery is mixed with frefh lixivium, and again
eva-
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evaporated -and cryftallized as before. But as the. :
aluminous lixiviem always contains fome green
vitrioly and as, befides, by the very treatment of
the lye, the iron is completely oxydeds and hence
decompofed, there is in this procefs always an over-

plus of {ulphuric-acid generated, which is unne-

ceflary to faturate the alum, and which prevents it

from fhooting into cryftals (§ 419). To remedy

this inconvenience, the infpiffated lye is combined

with “muriat of pot-ath, called foap-maker’s fluz;

whereby the redundant fulphuric-acid, which pre-

vents cryftallization, is taken off, and combines with

the vegetable alkali to fulphat of pot-ath; which

laft does not cryﬂa.lhze fepamtely, but enters into

the cryftals of alum.

For this reafon the alum of commerce is a triple
falt, confifting of fulphuric-acid, argil,” and” pot-
ath. In moft cafes it is alfo contaminated with
iron. The pulverulent cryflals that are obtained
by the firlt refrigeration and- agitation’ of the alu-
minous lye are ftyled flour of alum; and, being
firlt purified by walhing, made-to form larger cryf-’
tals by a fubfeqLent folution, and a gradual tran-
quil (.oohng

§ 421.

With the argillaceous (hifti the fidero-pyritous-:
clay agrees {o far, that alum is likewife generated
by the mouldering of its pyritous past, and ex-
tralted from it ‘in the {ame manner as from the

3 ] alu-
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aluminous Mifti ‘(§ 4.20) The aluminous -rock,
" from which, at La Tolfa near Civita-vecchia, the.
Roman alum, or rock-alum, is obtained, is a ful-
phurated clay, whofe fulphur, by roafting and fub-
“fequent decay in the air, 1s firft converted into ful-
phuric-acid; and this laft uniting with the argil,
forms the {ulphat of alumine, which, by lixiviation
“and cryftallization, is afterwards {eparated from ex-
trancous matters. The cryftals of this alum are
covered with a reddifh cruft. Laftly, the alum of
Solfatara is extraéed by lixiviation from a white
carth that contains alum ready formed, and originates
from a black lava, which has been penctrated by
fulphuredus vapours.

§ 422.
Alumine, or-argillaceous-earth, has not fo great
an affinity with fulphuric-acid as the alkalis, the
calcarcous, magnefian, and other earths, poflefs.

§ 423 X

7. Ponderous earth and fulphuric acid have a
very firong attraction for each other. Neverthelefs,
this earth affords no clear folution with that acid,
even when diluted with a very great quantity of
water: on the contrary, the whole compound finks
to the bottom as an infoluble fediment. This pre-
cipitate is called fulphat of barytes, or native pon-
derous fpar ( fpatum ponderofum). It is found in
cryftalline thapes of great diverfity; which, how-

: I ever,
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ever, on account of the above-mentioned infolu-
bility, we_are not able to produce by an artificial
combination of thefe two fubftances. Ponderous
fpar is taftelefs, and of a remarkably great fpecific
gravity. In fire it parts with its water of cryftal- -
lization; but the fulphuric-acid cannot be driven
out from it by heat alone. When put into a cruci-
ble made of clay, and fubjeted to heat of fuch in-
tenfity as to ignite it to mcandcfcence, this {par runs

into glafs.

Synonyma: Fitriolated ponderous earité.

§ 424
Neither the alkalis, nor the calcareous, nor any
other earth, decompofe the fulphat of barytes. Of
all fubftances, barytes poflefles the neareft affinity
with. fulphuric-acid. The decompofition of pon-
derous {par by carbonat of pot-ath (§ 343) 1s the
effe® of double affinity. '

§ 425.
Concentrated fulphuric-acid, affifted by heat,
diffolves a portion of ponderous fpar; yet the folu-
tion is decompofable by a {mall quantity of water.

§ 426.
8. The fulphat of Strontian-earth is likewife

earthy, hasmno tafte, and is fcarcely foluble in 1000
; times
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times its weight of boiling water. - If an excefs of
:(ulphunc-aad be poured upon Strontian-earth re-
duced to an impalpable powder, it will diffolve it
‘totally But as foon as a little water is added to
the folution, the fulphat of Strontian-earth is again
precipitated.—The attraction of Strontian-carth - to
fulphuric-acid feems to be not much lefs than that
of barytes. s

§ 427.

9. The fulphat of Circon-earth is, like the for-
mer {ulphat, ezrihy and taftelefs. It becomes fc-
luble by a furplus of fulphuric-acid, and forms, by
infenfible evaporation, cryflals of four-fided columns,
accumulated in clufters, and poflefliag an afiringent
taltes This combination wants yet a farther in-
veftigation. !
A © R 428,

In the graduated arrangement of the affinities of
alkalis and earths, the carbonic-acid is far exceeded
by the fulphuric.—Of the reciprocal decompofitions
of the fulphats and carbonats, we mention in this
place only. that of the filphat of fuda by carbonat
of poteath; that of gypfin by carbonated alkalis;
that of Epfom-falt by carbonat of pot-ath; that of
* ponderaus fpar by carbonat ‘of pot-ath; and, in
- general, the decompoﬁtmn of all the fulphats by a

folution of w1thentc, or carbonat of ponderous earth,
in water impregnated with carbonic-acid (§ 376);
‘which folution may, in this refpe& ferve as a very

5 fenfible
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fenfible re-agent for difcovering the fﬁ!phhric-ﬁcid,
whether free or chemically combined with other
{ubftances.

Sulphureous-Acid.

: ' § 429.

Sulphur is capable of being oxygenated in dif-’
ferent degrees (§ 276). In the fulphuric-acid it is
faturated, or nearly faturated, with oxygen; and

. this is therefore to be reckoned a perfect acid. With
a finaller portion of oxygen it exhibits an acid of a
different nature, and of different properties, which
ought to be regarded as an Zmperfect fulphuric-acid,
and to which we give the name of fulphurcous-
acid.

Synonyma : Pb!agyj;‘imt_d witrislic-acid; wal.an'l; Sulphuric-
acid; fvafazife-ari.{ of witriol. -

§ 430

This fulphureous-acid is obtained by a flow com-
Jbuftion of {ulphur, when it burns enly with a blue
flame. The acid gencrated by this procels is of
‘much lefs acidity than fulphuric-acid (§ 388, 391);
and it is at the fame time exceedingly volatile, as is
apparent from the very fuffocating fmell iffuing from
the combuftion, and even affuming the aerial form,
if moifture is excluded. :

VoL. 1. R § 431
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' § 431. .

Befides, this {ulphureous-acid is alfo procured,
when to {ulphuric-acid a body is prefented that, by
its attration for oxygen, deprives the fulphur of
part of that acidifying principle, in combination
with which it conflituted the fulphuric-acid. If
fome olive-oil be brought in conta® with oil of
vitriol, a fulphureous-acid is immediately generated;
and an odour is given out like that of burning brim-
ftone. The fame thing happens if a red-hot coal be
quenched in {ulphuric-acid. In both cafes the acid
1s robbed by the carbon of part of its oxygen, and
carbonic-acid gas is at the fame time generated.

3 432

The fulphureous-acid is produced, in the pureft
gate, upon the folution of feveral metals in ful-
phuric-acid, affifted by a boiling heat.—By ‘way of
experiment, pour together equal parts of mercury
and oil of vitriol in a retort of glafs, conneéted
with the pneumatic quickfilver-trough (§ 127), and
heat the mingled fluids in a fand-bath to 21-%
Farenh. In that heat the mercury deprives' the
fulphuric-acid of a portion of its oxygen, and is
thereby oxyded; on the other hand, the fulphuric-
acid is changed"to fulphureous, and comes over inte
the receivers in the flate of gas.

§ 333.
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_ § 433

This gas has been called /fulphureous-acid gas.
It is fpecifically heavier than common air; one
cubic Parifian inch of it weighs 1,03820 French
grains, at 10° Reaum. and 28 inch. Barom. Tts
{fmell is fuffocating, and its tafte feebly four; it is
improper for refpiration, and incapable of main-
taining combuftion. It cannot be confined by
water, being abforbed by it; ors more properly
{peaking, it is.decompofed by water, which takes
~ away the fulphureous-acid from the caloric.

Synonyma : Fitriolated air; fulphureons air.

§ 434.

Water, that has diffolved or abforbed {ulphureous-
acid, is to be looked upon as liquid fulphureous-
acid. It poffefles a {ulphurecus {mell, and an acidu-
lous tafte. Though at firft it only reddens the
fyrup of violets, yet at laft it totally deftroys its
colour. The tinffure of rofe-leaves, and feveral
other pigments, lofe by it all their colour. On this
.property refts the procefs of ftoving filk with brim-
ftone, for the purpofe of making it white.

§ 435-

When expofed to air, the fulphureous-acid gra-
dually takes up more oxygen from the vital air,
lofes thus its charateriftic marks, and is converted
into {ulphuric-aad, ‘

R 2 - § a36.
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§ 436-

 The neutral and aiddle falts, which the ful-
phureous-acid forms by combination with alkalis
and earths, or the falphites, are very ftrikingly dif-
ferent from the fulphats, or thofe that are formed
by fulphuric-acid with the fame fubftances. Such
falts are obtained in another way, if linen or woollen
cloths are foaked in an alkaline lye, and afterwards
hung up extended over brimftone buming weakly
and flowly; though, in this cafe, there is always
along with the fulphureous fome fufphunc acid
produced. -

§ 437
As no ufe is made of the fulphites in arts and
trades, it will in this place be fufficient-juft to men-
tion their names:
1. Sulphite of pot-afb, or of vegetable alkali.
Syno‘nyﬁl‘a: 1Stabls fulpbureous jalt (fal weutrum ful-
. pharis Stablii ) ; fulpbureous tartar ; wolatile witriolated
tartar.

2. Qulphite of foda, or of mineral alkals.

3. Suiﬂrm of nmmma:, or of volatile alkali.

4. Su]ffnu of hime, or of calcareous-earth.

5. Sulphite of magnefia, or of magnefian earth.

6. Sulphite of barytes, or of ponderous earth.

7- Sulphite of Strontian-carth. :

8. Sulpbite of alumine, or of a.rgd

9. Sulphite of C':rm-mrtb or of jargen of Ce) loa.

§ 438.
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§ 438.

By fulphureous-acid the carbonic is expelled from
carths and alkalis; but the firfk is itfelf difengaged
from fuch combinations by the fulphuric as well as
by moft other acids.

3§ 439 ,

“Concentrated fulphurtc acid imbibes the ful-
ph}xreous gas; receiving thereby, if the air find ac-
cefs to it, the property of emitting white fumes,
and the glacial nature of the oil of vitriol of Nord»
haufen (§ 396).

- Sulphur, with fome other Subfiances.

§ 440. 5
Water and brimftone are not reciprocally acted.
upon by each other; nor is there any probability
that fulphur alone is able to decompofe water.
Hence oxygen has a nearer affinity with water than
with fulphur,
§ 441.
Azot and carbon have likewife no apparent at-
traftion to fulphur. Hydrogen may enter into com-
bination with it, as will foon be farther explained.

; i § 442.
Alkalis’ are eminent folvents of fulphur in the’
humid as well as the dry way. If one part of cauftic

R 3 b pot-
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pot- a{h or of foda, and one part of fulphur, be °
-melted in moderate heat in ‘a covered pot, a
- mingled mafs is obtained, which, after eooling, ex-
hibits a liver-brown colour, and gives out no odour
fo long as it remains dry; but which, on being
moiftened, immediately fends forth a naufeous finell,
like that of rotten eggs; deliquefces in the air;
and is entitely diflolved by water, the folution ex-
hibiting a yellow gold-colour. -This combination
has been called lver of fulphur (hepar fulphuris).
{ts gencral name i1s, by the new methodical no-
menclature, “alkaline fulphuret; and I fhall treat
here firft of the fulphuret of pot-afh, and of thc
Sulphuret ofﬁ)da

The modern French Chemifts ityle fuch combinationﬁ
by the general term faifure, which is fufficient to dif-
criminate it from fufre, by which laft they tranfate

“ the Latin word Jfulghur; but Dr. St. John properly
fubftituted the word ﬁz{pbuwt for that of fulfire.——s
Edit,

- § 443,

" Thefe (‘ombmatlons are alfo effected by boﬂmg

powdered fulphur in a lye of the cauftic fixed
alkali.

§ 444

If to a folution of alkaline fulphuret in water
~any. acid be added, the fulphur is feparated by -it,
becaufe of the” ftronger attraGion of the alkali
for the acid ; and the fulphur is thrown down 1n
; - the
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the form of a fine white powder, called milk of

- Jfulphur (lac, or magifierium fulphuris).—The car-

bonic-acid likewife feparates the fulphur.

e § 445

By pouring the acid into the alkaline fulphuret,
the difgufting {mell which the folution already pof-.
feffed by itfelf becomes ftill ftroneer and truly in-
fupportable. If dry fulphuret of alkali be employed,
an effervefcence takes place that cannot be perceived
when the acid is added in the cold to the folution
_of pure alkaline {ulphuret in water. The fetor men-
tioned before arifes from the extrication and ex-
panfion of a peculiar gas, which deferves a clofer
confideration.

; § 446. : :

Take alkaline fulphuret, recently prepared and
pulverized; put it into a tubulated glafs-retort
(§ 120) lodged in a warm fand-bath, and whofe
neck is joined to- the pneumatic apparatus; next
pour upon it fome diluted fulphuric-acid, and urge
the heat, by degrees, till the contents of the retort
are boiling. If the hydro-pneumatic apparatus be
made ufe of, it is advifable to put warm water in
the trough.

§ 447

The gas obtained in this manner is called /ul-
phurated hydrogen -gas. It 1s diftinguifhed by a
very difagrecable {mell; it is not refpirable; it ex-

R 4 tinguifhes
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tinguifthes a lighted candle immerfed in it; is, how-
ever, itfelf inflammable, and burns after ignitien,
if mixed or in conta& with oxygen-gas. This mix—
ture may alfo be fet on fire by the ele@ric fpark.
If fulphurated hydrogen—, mixed with oxygen-gas,
be kept in a bottle well ftopped, the fulphurated
hydlogen gas will, after fome time, be found de-
Compofed, and the fides of the veffel cafed w1th a
thin lining.

Synonyma: Heparic gas by Bergﬁwu, and ﬁ:{pbm‘eom aj-

kaline air.

§ 448.

Cold water abforbs the fulphurated hydrogen-gas,
by degrees, and becomes poflefied of its tafte and {mell.
Water faturated with this gas is of the fame nature
as the mineral fulphureous or hepatic waters (ther-
me lepatice) ; for inftance, that of Aix-la Chapelle.
Such waters may artificially be imitated by means
of Parker’s apparatus (§ 130). Expofed to the
air, they become cloudy, depofite fulphur, and
change the blue colour of fyrup of violets to a
green.  Lime-water is not rendered turbid by them,
provided they arc not alfo impregnated with car-
bonic-acid. By boiling they are deprived of their
frncd and tafte, and of their fulphur.

§ 449.
The bafes of the gas now defcribed are hydrogen
and fu]phur, or fulphurated hydrozen; for® fu]phu:
obtairs,



-Chap. V. Sulphur, with other Subfiances. 249

- obtains, by being combined with alkalis and earths,
the faculty of decompofing water by attrating its
oxygen, which it cannot do uncombined (§ 440).
As foan, s therefore, as the alkaline fulphuret en-
counters water, it robs it of oxygen, which, with
part of the fulphur, generates fulphuric-acid, that
comnbines with the alkali. The hydrogen, difen-
gaged 1n'this procefs, takes up another part of the
fulphur, and forms with it fulphurated hydrogen,
the bafis of this gas, but which is retained by the
{eparated portion of alkali; and it is only by the
addition of an acid, and affiltance of heat, that it
is extricated from the alkali, and flies off in the
form of gas. .

Thus an alkaline fulphuret diffolved in water
_ contains fulphuret of alkali, -properly fo called, be-
fides fulphated alkali, and fulphurated hydrogen, -
diffolved by the alkall. When dry alkaline ful-
phuret is diffolved in water, a decompofition of
water enfues, but no longer than until the alka-
line fubftance is faturated with the fulphurated
hydrogen. If a diluted acid be poured upon al-
kaline {ulphuret while in the dry flate, it is then
the water of the acid only that has a fhare in
the formation of this gas; and the acid ads no
other part than that of extricating the bafis of the
gas from the alkali, by which it is diffolved.

The
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+ The decompofition of lepatic, or fulphurated
hydrogen gas, by vital air, may be explained by
- the mutual attrattions of oxygen and hydrogen
then taking place; whereby water is fornted, and
- the fulphur precipitated. ‘This is likewife the rea-
fon why water, holding fulphurated hydrogen gas.
in folation, lets fall the fulphur on expofure to
open air.
§ 450. ;

When hepatic air is inclofed with cauftic alkaline
lye, it is rapidly and in great quantity abforbed;
and fulphuret of alkali, or liver of fulphur, is
again produced by this combination.

- § 451.

Alkaline fulphuret, diffolved in water, undergoes,
when expofed  to the atmofphere, a total decom-
pofition. . The {folution, which was clear before,
grows turbid; fulphur is precipitated, and the re-
maining "lye contains at laft nothing elfe but ful-
phated alkali, mingled with more or lefs car-
bonated alkali. Dry alkaline {ulphuret likewife
decays in open air, lofing all its peculiar properties
fo far that, finally, nofhing elfe remains bnt ful-
phur and fulphated alkali, together with carbonated
alkall in different proportions,

§ 432,

If a cup, containing alkaline fulphuret, be placed
under a bell of glafs, filled with oxygen gas confined
4 < i hy

2 J



£h-ap-.n‘V.'f| Sulpler, with -oﬂze—r Stiifgﬁ(l}zces. 251

by water, it will be found that the vital air gra-
. dually difappears, while the fulphuret of alkali en-
dures the changes mentioned before. "It was on
account of this property of the alkaline fulphuret
upon ‘oxygen gas, that Scheele emponcd it for
.cudlometr‘:ca'l pfurpofés (8 zzo)

Y e ..

The ground of the reciprocal actions of liver of
Aulphur and-vital air upon each other lies in the
attraltion which both fulphur and hydrogen have
for oxygen; and by this it 1s ealy to explain why the
atkaline fulphuret is after fome time' converted into
a {ulphat.—Another caufe of the deftruction of the
fulphuret of alkali in common air is to be fought
for im the carbonic acid. The alkali attracts this
acid, met with in the atmofphere; is by it tran{-
formed into a carbonat; and hence rendered inca-
pable of holding fulphur in folution, which of courfé
muft precipitate.

§ 454-

When dry fulphuret of alkali 1s roafted over a
gentle’ ﬁle', and with m,ceﬁ'ant ftirring, there remains
at the end a whitifh- -grey powder, containing partly
uncombined alkali, partly {ulphat of alkali. By this
torrefation part of the fulphur flies off fublimed;
and another part, by taking up oxygen from the
atmofphere, is converted into fulphuric-acid, which
~gombining with the alkali forms the {ulphat.

§ 455.
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“ § 455 |
~ Ammoniac alfo combines with fulphur. Su-
phuret of ammoniac is obtained by the following
methed :—Two parts of finely pulverized quick-
lime are put into a dry glafs-retort; upon this lime
one part of fal-ammoniac, well mingled by tritura-
tion, with half a part of fulphur, is poured, and
the whole well incorporated by thaking ; the retort
15 afterwards connected with Woulf’s apparatus
(§ 123); putting, however, into 1ts firft interme-
diate and laft receivers but a very fimall portion of

water. Finally, the diftillation is carried on in fand-
bath, and with precaution.

Synonyma: Palatile liver of fulphur (hepar Julphuris wo-
latile); Boyle’s fmoking liquor (liquor fumans Boylei ) ;
Hoffman’s wolatile tiniture of JSulpbur (tindura fulpharis
Hoffmanni ).

§ 456. » .

The ammoniacal fulphuret cannot be produced
otherwife than in the liquid flate. It poflefles a
yellow gold-colour, a volatile and difagreeable fmell,
and fumes ftrongly in conta® with air, In other re-
fpe&s its properties are like the combination of ful-
phur with fixed alkali.

§ 457.
Lime:water diffolves likewife 2 {mall quantity of
pulverxzed fulphur.  Henee arifes the fulphuret of

fime,
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time, which is beft prepared in the dry way, by
mingling moft intimately equal portions of chalk

and powdered brimftone, and by igniting this mafs

throughout in a covered crucible. The carhonic-

acid 15 driven out from the chalk by this opera-

tion, while the calcareous-carth unites with the ful-
phur, and remains in the veffel as a whitifh powder.

Towards water, acids, and vital air, this combination
is difpofed in the fame manner as the alkaline ful-

phuret; and muft likewife, in order to remain un-

altered, be preferved in well clofed veflels.

Synonyma : Liwer of limes calcareous Liver of f:dpbw—
( bepar fulphuris calcareum).

§ 458.

Sulphur may be combined in a fimilar way with
ponderous earth; yet the {ulphur does not feem to
mix with pure magnefian earth fo as to be foluble
in water ; nor does 1t unite in this manner with argil-
laceous earth.

Decompofition of the Sulphuric- Acid.

§ 459
The transformation of fulphuric-acid into ful-
phurcéus by the means which we have mentioned
above (§ 431, {eq.) is an actual but incomplete de-

compofition of that acid. If it be intended to de-
5 . prive
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prive it entirely of all its oxygen, and confequently
to feparate again the fulphur from it, it will be
neceflary that the carbonic-radical, by whofe ftronger
attrattion to oxygen this decompofition is chiefly
to be effected, f(hould be enabled to aét on the
fulphuric-acid at the temperature of igmition;
and hence, alfo, that this acid be rendered fuffi-
ciently fixed to be capable of bearing fuch an in-
tenfe heat. It poffefles this laft property when it is
intimately combined with a fixed alkali, or with an
earth.

§ 460.

When, therefore, equal parts of fixed alkali and
of fulphat of pot-ath are moft intimately blended
with powdered coal, amounting in weight to one-
fourth of the whole mafs, and melted togetherin a
covered crucible, an alkaline fulphuret is obtained;
from which, being firft diffolved in water and fil-

Eeréd, the {ulphur may be precipitated by means of
an acid. '

§ 461.

- In this procefs the ignited carbon, by virtue of
its {uperior affinity, attracts and takes up the oxy-
gen of the fulphuric-acid, and flies off in the cha-
rafter of carbonic acid gas; and the regenerated
fulphur combines with the alkali, forming alkaline
fulphuret, from which it is again feparable by an
acid. The portion of free alkali that was added
ferves gnly to promote the fufion. - The fuperfluous
- part
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part of the coal employed for this operation remains
behind upon folution.

Application of this proce(s to a cheap feparation of
_ mineral alkali from Glauber’s falt.

§ 462.

By a method like this the fulphuric-acid con-
tained in gypfum and ponderous fpar may be de-
" compofed by means of charcoal-duft.

§ 463.
Upon this transformation of the fulphuric-acid
into fulphur, by means of xgmted charcoal, 1s like-
wife founded the generation of the Bononian pho/-
phorus from ponderous fpar, in which Fincenzo -
Cafciarolo for the firft time obferved the luminous
property.—For this end fulphat of barytes is firft

* made red-hot in a crucible to render it friable;
- which when done, it is reduced in a ftone or glafs-
mortar to a fubtile. powder, and mixed with mu-
cilage of gum-tragacanth. Of this pafte finall cir-
cular plates, and other various figures, are formed.
Thefe arc'-jivell dried, and expofed to red-heat be-
tween burning coals in a wind-furnace, with a good
current of air, and taken out after the coals are
confumed.—If thefe cakes be expofed for fome time
to day-light, they obtain the property of giving
light int the-dark; but they lofe it again in courfe
of time, and recover jt by heat. If they be mmﬁenei

wit
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with water, they emit a finell refembling that of
fulphurated hydrogen-gas.

§ 464. _
In my opinion, it is very probable that this phof-
phorus is a flow combuftion of the fulphur, fe-
parated in this procefs from the fulphuric acid that
was combined with the barytes; the fulphur uniting
now with this earth, and being, as it feems, in this
combination, more difpofed to decompofe the oxy-
gen gas than when fingle. The extrication of ca-
loric is, in this cafe, during each inftant of obfer-
vation, too inconfiderable to be perceptible.

§ 46s.

Canton’s pho/phorus is of a fimilar nature with
the preceding, and is moft fuccefsfully prepared by
mingling, as accurately as poffible; equal parts of
pulverized oyfter-thells and fulphur, and keeping
them in a covered crucible for fome hours in white
heat. The concrete mafs is afterwards broken into
fmall pieces, and put in a dry glafs-tube, which muft
be well corked. It will be found to give light in
the dark, if previoufly expofed for a fhort time to
day-light.

- § 466.

Finally, -to this place belongs the pyrophorus of
£lomberg, which in .open, and efpecially in moift
air, inflames by itfelf, and burns with a fulphureous

: odour.
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odour.—~Take five parts of burnt alum (§ 41%)
and one part of coal finely powdered, mingling them
with the utmoft accuracy. With this powder fill a
{mall earthen bottle with a narrow orifice, but no
more than to about two-thirds of its capacity, and
place the bottle in a pot, furrounding it with {fand
up to the neck. The pot muft then bc expofed to
fire, .and the heat gradually increafed, until the
bottle be red hot. Sulphur is now formed, fub-
liming and burning at the aperture of the bottle
with a blue’ flame. When that flame is no more
perceived, the pyrophorus is complete. The bottle,
while yet in the fire, is firft clofed with a ftopper
of clay well fitting ; whereupon the pot is removed-
from the fire; and when the bottle is farther cooled,
it 1s ftopped very tightly with a good cork. i

§ 467:

If the pyrophorus has fucceeded well, and fome
of it be pourcd upon paper, it will grow hot of _
itfelf; efpecially when breathed upon, and then
begin to catch fire f{pontaneoufly. It is totally
confumed, emitting a ftrong fulphurcous fmell.
When kept in bottles not well corked, it lofes
by time its {pontaneous inflammability.

§ 468.

It 1s demonftrated by experiments;” that alam
yields pyrophorus only from' the carcumﬂance of its
VoL, I s Pt i con- -
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containing \egefable alkali (§ 420); . and that the
argillaceous earth contrlbutes nothmg to that pre-

paration.

The phenomenon exhibited by the pyréphorus
" may be thus accounted for. The carbonic radical
decomipofes in a red-heat the fulphuric acid of the
fulphat of alumine, and becomes carbonic acid oas,
which efcapes; the fulphuric acid is converted into
fulphur, which {ublimes and burns. - During thefe
changes, the pot-ath, by which the alum of com-
- merce is adulterated, fixes a part of the fulphur and
retains it, efpecially as the calcining heat is not
vehement enough totally to volatilize all the ful-
«phur ; and there remamns the fuperfluous part of the
coal that had been. blended vuth the {ulphat of
_alumine.

The conftituent parfs of the pyrophorus are

: confequently exceedingly dry cauftic pot-afh,
in.phm, carbon, and alumine.—On expofure to
air, the firft attracls rapidly its moifture, and is
heated with it (§283) And this heat is fufficient
to inflame the fulphur, becaufe fulphur is already,
by its own nature, when combined with . alkalme
fubftances (§ 452), by far more difpofed to decom-
pofe oxygen gas. Laftly, this ignitionvof the ful-
phur in the pyrophorus is communicated to the
coaly pamclus, that, ,at the bﬂgmmng of its pre-

paration; were - mingled  with - the fulphat of
alumine,. :

Nitric
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Nitric Acid.

* - § 409

If fulphuric acid be poured upon mifre, an
efferveflcence enfues, accompanied by heat, and
immediate extrication of a quantity of reddifh-
yellow fumes, which by diftillation may be con-
«denfed into’ a liquid. Purified dry and finely pul-
verized nitre. is put into a glafs retort, and half its
 weight” of concentrated {ulphuric acid is poured
~upon i, drop by drop, on account of the flreng
heat that arifes, and ftirring the matters repeat-
edly. . A receiver is next luted to the rctort, and
the diftillation cautioufly . performed, on a fand-
bath previoufly warmed. Fumes, at firft yellowifh
and then red, pafs over.into the recipient, con-
denfing flowly t6 a {our, reddifh-yellow fluid.
A part of them condenfes in the retort, and comes
over in drops. The heat is kept up, until no
more fumes or drops arc perceived to come
over.

§ 470

The acid colletted in the receivers has been
formerly ecalled, from ‘the falt from which it is
extracted, acid® of falipetre (mitre); but in the
new nomenclature its name is’ nifric acid. And
.the concentrated liquid, as defcribed above, has

obtained the appellation of  finoking fpirit of
s 2 nitre
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nitre {acidum nitri fumans Glauberi). ts {pecific
gravity, when ftrongly concentrated, is 1,583. On
accefs of air it fends forth reddifh yellow fumes,
which, befides, always fill the empty fpace of the
bottles wherein it is kept. It ftrongly attrats ‘moif-
ture; grows hot by mixing with water; in which
cafe the reddith fumes are continually increafing:
When it is thus diluted with water, it firft becomes
green; but, on adding more water, it turns blue,
and at laft all colour difappears.

'§ 471

We [hal] prefently fee that the yellow or reddlfh
colour, and the property of emitting reddifh-
yellow fumes, do not belong to perfect nitric
acid, as fuch, but prefuppofe its having undergone
fome modification, and are the chara@eriftic of
another Iefs perfet nitric acid.—If, therefore, {mok-
ing nitric acid be once more diftilled in a glafs re-
tort, in a fand-bath with a very gentle fire, the
fuming part will rife firft, and the remainderwill be
deprived of all its colour, and its fuming quality.
In like manner is the more ‘volatile and fmoking
acid parted from the remaining perfe&t acid (§ 470)
by dilution with water; and the refidual colourlefs
diluted acid muft be confi dered as being the pure
perfe(?t nitric acid. i e ,
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§ 472 .

Sometmnes, inftead of fulphuric acid, green vi-
triol calcined to rednefs is employed i large
quantities to expel - the nitric acid from nitre.
Seven parts of wvitriol, thus calcined, are diftilled
with eight parts of nitre, well dried, and reduced
to fine powder, from large earthen and coated
retorts, joined by luting with large recipients and
adopters (§ 121), containing fome water. This
_diftillation is al{o performe& in matrafles (§ 79) .
of caft-iron, provided with alembics or heads
(§118) of clay or glafs. The nitric acid of the '
fhops, being weakened by water, is ufually coloui -
lefs, and not fmoking. In this ftate it is called
aqua fortis, or fimply fpirit of nitre. It is fre-
quently much polluted with fulphuric and muriatic
acid.

§ 473

To free the nitric acid from the fulphuric, by
which it is contaminated, the folution of barytés
in nitric acid affords the moft efficacious means.
This folution is dropped into the nitric acid, to
be purified, as long as any fulphat of .barytes is
precipitated (§ 423); after which the acid is again
rectified. The nitric acid is only then defiled by
- the muriatic, when unpur;ﬁect nitre has heen made
ufe of for its preparation. Of the means to clear it
from this laft we can only treat hereafter, when
{peaking of filver.

53 ' § 474-
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The refidue in the retort, after diftilling nitric,

acid from oil of vitriol and nitre (§ 470), is fu‘lphat
of potath, ufually called vitriolated ta.rtar  From
this it is plain, that nitre is a neutral fa,lt, con-
fiting of vegetable alkali and its own peculiar
acid ; and that this laft is lefs attraed by potath
than fulphuric acid. Buat when vitriol is em-
ployed for extricating nitric acid from nitre (§ 472),
the fulphat of potafh i1s mingled with oxyd of
iron ; from which it may be feparated by lixivi-
ating the falt with watcr, and filtering the lye.

§ 473

il diftinguithed from ‘the fulphuric
by a peculiar odour, by its volatility, and by«its
highly corrofive aftion on organic bodies. Tt
ftains the fkin, hair, filk, and other animal matters,
wzth a permanent yellow colour, Its difference
from other acids is beft thewn by the neutral
and middle falts (Nitrats) which it produces,

§ 476 i
. With pot- -afh, nitric acid forms the’ common
falt pez're, or nifre ; which in the new methodical
nomeiiclature is called nifrag of poz‘eyﬂe 5 a falt
ﬂwotmg into prifmatic, fix-fided cx'yid:hfs of ftriated
lateral furfaces, termindting i pyramidal fimmits
of fix furfaces; having an acrid, bitterifh, cooling

N

“tafte, and at a middle temperaturc {oluble in feven .

2o h parts
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_;;;rparts of water, but of boiling water requiring only:
' a little more than its own weight for folution.
Cryftallized nitrat of pot -afh contains, according
to B@g@nans flatement, 0,49 of potath, 0,33
of nitric acid, and o,18 of water of cryftallization.

The la{’c however, cannot be well afcerta,med

S 477
The cryftals of nitre are permanent in the air.
In heat this neutral falt liquefies and melts; and it
> not only lofes the water of its cryftals, but is
totally ‘decompofed by ignition, and its acid de-
ftroyed, as will be feen in the fequel.

Of ﬁziz—pefﬂ drops, or fali-prunelle (nitrum tabulatun, (&)
 pruncile ).

4 § 478.

Nitrat of pot-ath is found ready formed, in
great quantities, in varlous parts of the globe : as
in the Eaqf-Indies, in the territory of Molfeita in
. Sicily, and in Lower-Hungary. Neverthelefs a
very confiderable part of this article 1s artificially
prepared by calcareous earth, impregnntcd with
nitric “acid, and vegetable alkali.

5 § 479.
2. The mjtrat of foda is ufually called cubic o
shomboidal mifre. It is a combination .of nitric
acid with mineral alkali. Its cryftals are rhom-

- boids, its tafte greatly refembles that of common
54 - nitre,
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nitre, or nitrat of potath ; it is fomewhat difpofed
to‘ become moift,. and is in a moderate warmth
foluble in two parts of water. Its component
principles are, according to Bergman, o?&;;g parts
of foda, 0,43 of nitric acid, and 0,25 of water.
This neutral falt is {eldom found native, and no ufe
is made of it.

: § 480. Shoite
The vegetable alkali has an affinity with nitric
acid, rather nearer than that of mineral alkali.

§ 481.

3. Nitrat of ammoniac, or the combination of
nitric acid with pure ‘volatile alkali, forms needled
cryftals, has a fharp tafte, readily diffolves in
water, and does not decay in the air. In a red-
heat, this neutral falt is totally decompofed without.
addition ;° and~ at the - fame time ‘not only ‘the -
ammeniac, but alfo the nitric acid, its other con-
ftituent part, undergoes decompofition, as will be
proved hereafier.

Synonyma: Nt Jak-ammoniac (fal ammoniacum nitro-

Jum); faming [alt-petre (nitram Sammans).

§ 482. =
The nitrat.of ammoniac.js decompofed by both
the fixed alkalis, in confequence of their poflefling
2 greater affinity with nitric acid. - :

§ 483
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s § 483

4. Calcareous earth is eafily dlﬁ'olved by nitric
acid, and affords with it the nitrat of lime; a mid-
dle fa.lt of great dehquefccnce, of an 4crid and
 bitter tafte.© A red-heat decompofes this falt, ind
the refidual calcareous earth is poflefled of the fa-
culty of emitting light in the dark: in other words,
it is the pho/phorus of Baldwin, but which foon
* Jofes its phofphorefeent quality.

Synonyma: Calcareous falt-petre, or- mitrous-lime (nittum
calcareum, calx nitrata). :

s § 484,
5% he two fixed alkalis attract the nitric acid more
_ i’crong]y than lime does; but calcareous earth has a
greater afhnity with that acid than pure or cauftic
ammoniac,

§ 485
Nitrat of lime is found prepared by nature; and
1t 1s principally this native middle falt which is de-
pofited on nitre-beds, and old decaying walls in the
vicinity of putrefying animal fubftances; and from
which afterwards common . nitre is artificially pro-

duced (§ 478) by the addition of pot-afh.

- T § 486,
5 " Nitrat of magnefia affords likewite & very de-
liquefcent middle falr, of a bitter and pungent tafte,
: and
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and decomp_ofaBIé by fire.* It has not yet been ap- -
plied to any ufe. i e

- Of the magnefia nitri.

: § 487. _

- Pot-afh and foda completely decompofe the fo-
lution of magnefian earth in perfe nitric acid s Hor
‘they combine with the laft, on account of their
flronger affinity with it.  Ammoniac, on the con-
trary, effects this decompofition but incompletely,
and rather forms with it a triple falt (magnefa am-
moniaco-nitrica): Lime - water inftantly precipi-
tates the magnefian earth from its folvent nitric acid,
as the calcareous earth has a fironger atttadion than
magnefia for this acid.

Ve 0T REe.

6. The folution of pure argil in nitric acid, or
nitrat of alumine, is, by its tendehcy to deliquefce,
- very difficultly cryfallized, of a ftyptic or aftringent -
tafte, and decompofed by a red-heat. It has been
recommended as a corrofive, of means of I’taining
mn the art of dying. Al alkalis alfo, as well as
lime and magnefia, decompofe this middle falt.

oaEmal 0
7- Nulrat of barytes, or atcombination of pon-
derous carth with nitric acid, admits of cryftal-
lization ; and forms cryfials, permanent in the air,

and
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and of confiderably difficult folubility, having a
-bitter and acrid tafte. Ignition decompofes it.

Synonyma: Nitram baryticum, terra ponderofa nitraia.

_ § 490.
Barytes exceeds, in its affinity with nitric acid, all
alkaline {fubftances,

§ 491

8. Strontian earth is eafily foluble in nitric acid,
forming with it the middle falt, Nitrat of Stron-
tian, whofe cryftals are not affected by the air,
and are oftahedral as to figure. Jf flips of paper
are dipped into a folution of this falt, and dried
again, on being lighted they burn with a beautiful
purple-coloured flame. '

§ 492.

The -nitric-acid has a nearer affinity with all al-
kalis and “earths than the carbonic.—As for the
double affinities, we notice ‘only, at firft, the de-
compofition of nitrat of lime by the carbogats of
pot-afh, of foda, of ammoniac; and, fecondly, the
decompofition of the nitrats of barytes and Stron-
tian-earth by the fame carbonated neutral falts.

| § 493.

The fulphuric precedes the nitric acid in the
fucceffive gradations of affinities refpeéting alkalis
and earths. On this principle depends the expul-

- fion
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fion of nitric acid from nitre by the fu]phuric
{§ 474 ), and the application of a diffolved nitrat
of barytes as a re-agent, to difcover the prefence
- of fulphuric acid in any fluid which it is {ufpected
- to be united w1th, and, therefore, as a means to
punfy nitric acid from any fulphuric (§ 47 3) w1th
which it may be contaminated.

§ 494

~ Of the double affinities between the nifrafs and
Sulphats, T mention in this place only the decom-
pofition of common nitre by Glauber’s falt ; the de-
compofition of nitrat of lime by the fulphats of
pot-ath, of foda, of ammoniac, of magnefia, of
alumine; and the decompofiticn of the aitrat of
barytes, by all the fulphats'_th;;t are foluble in
water, whether neutral or middle falts. For this
reafon the nitrat of barytes is a re-agent, not only
for free {ulphuric acid (§ 493), but alfo for fuch
as 1s combined with other fubftances,

Nitrous Acid. -

§ 495
The acidifiable bafis of the nitric acid is capable
of various degrees of oxygenation, or of receiving
different portions of oxygen (§276); and on this
‘account 1t appears in various ftates. I have already
mentioned (§ 271) that the foming reddith fpirit
of
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of nitre is not a perfe& nitric acid; that by a gentle
heat its {fmoking coloured portion may be driven
out; in which cafe the perfect white and colourlefs
nitri¢ acid remains; and that by a fimilar method
its fmoking part may be expelled by that degree of
heat which is produced on mixing this acid with
water (§ 471). s
§ 496. ,

This fuming reddifh part, which is but with diffi-
culty condenfed into a quhid, which, befides, is+{o
volatile as to form reddifh vapours and clouds even
at the ufual temperature, and which does not pof-
fefs the fame degree of acidity as the perfedt nitric
acid, muft beregarded as an imperfect nitric acid,
and is called nitrous acid. A greater quantity of
it is contained in the {moking {pirit of nitre, in
proportion as the oil of vitriol employed for its ex-
trattion from nitre has been itfelf more or lefs
fuming. : ‘

§ 497.

That the acidifiable bafis of nitrous acid is com-
bined with lefs oxygen than when forming the per-
fect or nifric acid, is evident from feveral faéts.

For example: If nitrat of pot-ath be made red-
hot in a coated glafs retort, and joined to the
pneumatic ‘apparatus, a great quantity of oxygen
gas will come over: and, at laft, if the retort be
proof againft melting, vapours of nitrous-acid will
be

-
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be extricated. The refiduary mafs, of falt in the
yetort has an alkaline tafte, but emits red fumes,
‘and yields nitrous acid, if any of the weaker acids,
as vinegar, be added, which in other circumftances
would not be powerful enough to dlfengage the
nitric acid.

It 1s obwous that, m this cafe, a portlon of oxy-
gen 1s expelled by the fire from the perfeét nitric
acid contained in nitre; and that this portion of
oi}?gen flies off, combined with caloric, in the cha-
racker of oxygen gas. Whence the acidifiable bafis
of that acid remains behind with the alkali, but
combined with a diminithed quantity of oxygen;
and hence in the ftate of nitrous acid, until, by the
continuance of heat, more or lefs of the bafis itfelf
15 expelled.

i i § 498.

From what has been faid, it plainly appears why
all nitrats are decompofed fimply by being ignited.

§ 499

When nitric acid is made to pafs through a red-
hot glafs tube, it produces oxygen gas and nitrous
acid.

§ 590.5% .

To conclude, when colourlefs concentrated Hitric
acid, iaclofed in a very tranfparent retort, connected
with the pneumatic apparatus, is expofed to the

1ays
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rays of the fun, it gives out oxygen gas, and the
remaining. nitric acid becomes again coloured. A
dark heat, without light, does not produce thefe al-
terations. :
: § soI.
Nitrous acid forms with alkalis and earths faline
_ fubRances, different from thofe which are generated
by fimilar combinations with nitric acxd. Thefe are
called nitrites. 'Will not thefe falts, by expofure to
open air, be again converted into nitrats? However,
they are little known, and no ufe is made of them.

- § 502
The nitrous acid has a much lefs"afimty than
the nitric with alkalis and earths.

Nitrous Gas—Gafeous Oxyd of* Aot

§. JC}‘

All bodies of the animal and vegetable kingdom
decompofe nitric acid, and dcpr_we.:t, by means
~ of the radical carbon which they contain, of moft
of .its oxygen; fo that the acid now appears of a
different  nature, and of different habitudes with
other bodies. The {ame 1s effected by a great many
metals, as by copper, mercury, gad iron. | If nitric
acid be poured upon them, heat is produced; and
-air-bubbles extricated, which, on the accefs of at-
mofpheric air; immediately form a yellowafh red

¢loud,



972 Mineral Acids, & c. [Chap b v

cloud The better to Judgc of the changes which
happen in this cafe; we choofe the following expe-

riment.
§ 504.

Let a fmall proof- bottle (§ 128) be ﬁlled with
wirc of copper or brafs; let fome diluted nitric acid,
prepared with one part of concentrated nitric acid
and three parts of water, be poured upon the wirey
in fuch 2 manner that no atmofpheric air remain in -
the veflel ; and let the bottle be duly conneéted with
the pneumatic apparatus. The metal thus expofed
is diffolved by the acid with cbullition; a great
quantity of air efcapss through the fide-aperture of
the glafs, which is colletted in the receivers, after

“the firft POIthﬂS have been’ fuffered to fly off.

: § 505

The kind of “air obtained by this procefs is
called mitrous gas. It is colourlefs ; thews no’trace
of an acid; does not redden by itfelf the tincture
of litmus, nor render lime-water turbid; is info-
Iuble in water, utterly unfit for refpiration, and ex~
tinguifhes a light brought into it. When it meets
with atmofpheric air, it direétly abandons the aerial
form, and is transformed into reddifh yellow acid
vapours, like thofe iffuing from {moking fpirit of
nitre; and is finally converted into nitric acid, which
1s gradually imbibed by water. A Parnfian cubic
inch of this nitrous gas weighs at 10° Reaum. and .
28 inch. Barom. 0,54690 French grains.

§ 506-



Chap. V.] Nitrous Gas, &c. 273

§ 506.

If into a cylindrical glafs-veffel, holding nitrous
gas confined by water, common air of the atmo-
fphere be introduced, reddifh yellow fumes are in-
ftantanecoufly formed; heat is produced, and the
volume of the two kinds of air, taken together, is
diminithed; the water rifes in the cylinder, and be-
comes diluted nitric acid. When both airs have 4
been mixed in a juft proportion, nothing elfe re- _
mains at laft than the azotic gas of the atmofpheric
air (§ 197)—Ufually 16 meafures of this laft are
required to deftroy completely 7: meafures of ni-
trous gas. : : :

§ 507

If to atmofpherical air, in the foregoing expe-
riment (§ 506), pure oxygen gas be fubftituted,
the rednefs and heat produced are much greater,
and if both airs have been abfolutely pure, and
mixed in due proportion, the whole of the air that
was n the cylinder difappears entirely. It is, how-
ever, difficult to obtain the nitrous and oxygen
gales quite undefiled by the azotic which then re-
mains behind.—About four meafures of oxygen
gas are required for 7z of nitrous gas.

§ 5o8.

The red mifts formed in thefe two experiments
(§ 506, 507) are nitrous ‘acid, which by degrees
changes to nitric acid, and is abforbed by water.

VOL. I. T Hence,

E
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Hence, by the combination of the oxygen and ni-
trous gafes, nitric acid is generated, and both kinds
of air difappear. : ¥

§ 509. -

The inference from all thefe experiments is, that
-nitrous gas contains the bafis of nitric acid, which
15 converted into this acid by imbibing oxygen;
“and hence, that the metal, during its folution in
~ mnitric acid (§ 5o4), decompofes part of the acid
by robbing it of oxygen, altering thereby its con-
dition fo much, that, at the ufual temperature of
our atmofphere, it no longer appears in the liquid
ftate, but.ceafes to- a@ in the capacity of an acid,
and exhibits different properties. But when nitrous
and oxygen gas happen to come in contaét, their
bafes attract each other, and form again nitric acid,
by difmiffing their caloric.

§ 510,

The bafis of nitrous gas contains, therefore, the:
radical of nitric acid.. However, the following ob-
fervations fhéW that it does not contain it quite
pure, but always combined with a portion of oxy-
gen, though infufficient for making an acid with
that radical. Whence it farther follows, that the
nitric acid is not deprived by the metal (§ 504) of
the whole of its oxygen, but only of the greater
part ; and, confequently, that the bafis of nitrous
gas confifts of the radical of the nitric acid, and
{ome portion of oxygen.

§ grr.
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§ E1d.

But the formation of the bafis of nitrous gas
- does, not conﬁitute the firlt degree of oxygenatiofn
of the radical of nitric acid; there is yet another
degree below this. For if nitrous gas be left for
{ome time in contadt with wetted iron filings, or
moiftened alkaline fulphuret, a diminution of about
two-thirds of its volume takes place, and the gas
acquires. propertles different from its original ones. .
For the lemammg third part: of the gas is taken
up by water; is neither decompofed by, nor de-
compofes, vital air; and produces no. red fumes
with it. Befides, alighted candle burns in it with
increafed brightnefs; and'a {parkling wick funk into
it is fpontaneoufly ignited to flame. Yet burnmg
phofphorus, fulphur, and coals, are extmguz{hed in
it, and animals are {mothered. It is not affected
by nitrous gas.

S5z .‘

This gas, firft mentioned by Przeﬁle 'y under the
name of dephlogifiicated nilrous air,Ms called gafe-
ous oryd of azet. During its produétion (§ 511)
the bafis of nitrous gas (§ 509, 510) [is deprived”
of part of its oxygen, but not of the whole quan- -
tity which it contains. The radical of nitric acid,
therefore, forms, in combination with a ftill {maller
portion of oxygen, another fpecies of gas different -
from the nitrous. This [aft may alfo be obtained

by various other ways: for mﬂ:a.nce, by ‘mingling
T nitrat

&
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nitrat of ammoniac with about three times s rﬁuch
fand, and diftilling it from a {fmall retort joined to
the pneumatic apparatus. Towards the end of the

operation a great quantity of azotic, or nitrogen
gas, COMEs Over.

§ 513

Hence the radical of nitric acid is capable of
various degrees of oxygenation. The firlt and
loweft degree forms the bafis of the gafeous oxyd
of azot (§ g12); the next conflitutes the bafis of
nitrous gas (§ 510); the third produces. nitroPs
acid (§ 496); and the fourth and laft generates
the nitric acid (§ 470).

§ 514
Azotic gas has no influence on nitrous gas, and
ncither of thefe airs a& upon each other. The
nitrous gas is likewife not affeéted by the carbonic,
hydrogen, {ulphureous, and ammoniacal gafes; it .
15, therefore, not decompofed by any of the com-
non non—re@irablg kinds of air. Oxygen gas
alone is capable of decompofing it; as, on the
other hand, this laft is itfelf decompofed by the
nitrous gas (§ 506, 507). For this reafon nitrous gas
has been propofed and employed in eudiometers,
to afcertain what quantity of oxygen gas may be
contained in any given portion of atmofpherical
air (§ 220). This micthod of examining the air
does not, however, afford refults fo conflant as to
g be -
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be always dependcd on; though the inftruments
contrived by Fontana and Ingenhouffz*, and the
way of managing them, have arrived to very high
perfection.

"* See Experiments upon Vegetables, &g by Fobn Ingen-
-Bonffe, $vo. Lond. 1779. Part z, fe&. 1, page 149;
where the Do&or has fully explained the conftrudlion
and ufe of Fontana's endiometer.—Ed.

§ 515

Neither carbon (§ 230), nor fulphur, decompofe
nitric acid in the cold; but they do it in heat, if
the acid be very. concentrated, though flowly and
with difficulty. When combined with hydrogen,
carbon, as well as fulphur, decompofe the nitnc
acid with much greater facility. As to carbony
this is proved by vegetable and animal fubftances,
fuch as fugar, oil, &c. which, even in a mo-
derate warmth, change the nitric acid to -nitrous
gas. As to fulphur, this is thewn by the fulphurated
hydrogen gas (§ 447), which is decompofed by
concentrated nitric acid, and decompofes it in its
turn. Even the fulphureous gas (§ 433) imbibes
oxygen from nitric acid; and brown vitriclic acid
may foon be rendered colourlefs by the addition of
nitric acid, and by the heat arifing from the mix-
ture. Yet it would be improper to call this treat- -
ment a purification of fulphuric acid.

T g Total



278 Mineral Acids, &c.- | Chap. V.

Total Decompofition of Nitric Acid.

Detonation.

§ 516.

Since charcoal, at the temperature of ignition,
totally deprives- the nitric acid of its oxygen, for
which it exerts a ftronger attration, we can by
ignited coals effe@ a complete decompoftlon of
that acid, and feparate its radical. But in order
~that mtnc acid may be heated to rednefs, it ought
to be in a fixed flate, as it exifts in the mtrat of
pot ath by means of the veoetable alkali,~

Bl '§ 517

Nitrat of pot-ath, which bv itfelf melts quictly
in heat, i1s immediately ignited with noife, if it be -
brought into contact with burning charcoal, or if
this laft be '.a_;d'dé'd' to it when in red-hot fufion.
This rapid inflammation, which is a decompofition
of the nitrat of pot-afh expofed to heat with com-
buftible matters, -is called defonation of nitre,

s o R B
- Befides charceal, fulphur, and phofphorus, nearly
all the metals, and in general all' inflammable mat-
ters, caufe the nitrat of pot-ath to detonate when in
t‘ﬂe ftate of red- heat

% § 519
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. $519. ;

The combuftion of inflammable bodies by de-
tonation is performed more brifkly, more rapidly,
and with a brighter light, than it commonly is in
atmofpheric air; and it entirely refembles the com-
buftion of thefe bodies in pure oxygen gas. The
neutral falt is deftroyed by it, and only the vegetable
alkali remains; which may, indeed, be more or lefs
altered by a new acid, the carbonic, which is ge-
nerated in the procefs, to the production of which
the combuftible body gave the radical, viz. the
carbon, and the nitric acid afforded the oxygen. . .

Experiments: By detonating nitrat of pot-afh with char-
coal, and with fulphur.

§ 520.

If, therefore, upon nitre melted in a red-het cru-
cible powdered charcoal be thrown: till it ceales to
detonate, the remaining vegetable alkali is but par-
tially carbonated, becaufe part of the carbonic acid
is again driven out by the ignition.  That alkali is
unneceffarily diftinguithed from pure pot-ath by the
name of fixed nitre, or alkaline faltpetre: (milrum
Jfizum), or by the nime of Glauber’s allahef
(liguor nitri fixi), after it has deliquefced in the
air. :

T 4 | § 521
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§ 521
IF inftead of charcoal, fulphur be employed n
this experiment, a lively detonation likewife takes
place; and the remaining alkali becomes a fulphat.
By this it is plain, thatin a red-heat fulphur has a
nearer affinity with oxygen than azot, the radical of
nitric acid.

Baumé's quick-flux.

§+522.
The inflammation of gun-powder (pulvis pyrius)
is in like manner a true detonation of nitre, by
means of its coaly and f{ulphureous parts.

Its goodnefs depends on the purity of its in-
gredients, on their accurate and intimate incorpora-~
tion, and on their due proportion to each other.
~Yet the proportion of thefe materials- varies ac-
cording to the ufe for which gun-powder is in-

~tended,  Ufually it is made up of %z parts of
nitre, 16 of charcoal, and from g to 10 of ful-
phur. Sulphur is neceffary to caufe the powder to
~ catch fire miore readily. :

Thefe ingredients are, in gﬁﬂ-powder-mz'lif, re-
duced to a pulverulent flate by ftamping, and finely
ground together, cautioufly moiftening’ the mafs
from time to time, to impede its flying off in duft;
and, what is of the utmoft confequence, to prevent

. £X=
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explofion. Too much moifture is hurtful, as it
ditfolves and walhes away the nitre. The potoder-
_pafte, thus prepared, is afterwards grained; and
laftly, for nicer purpofes, glazed or polithed.

% § 523

Another remarkable compofition of this kind is
the fulminating - powder, which has this particular
property, that without being confined, and even in
fmall quantity, it deflagrates with' violent explo-
fion, if held in a fpoon on ignited coals, and gra-
dually heated, till the fulphur is fet on fire. Its
ingredients are three parts of nitre, two parts of
dry falt of tartar (pure. vegetable alkali), and one
part of fulphur, very finely triturated, and well
mingled together. ‘ ;

§ 524
That we may be enabled to judge of what be-
comes of the nitric acid decompofed on the de-
tonation of nitre (§ 519, 520 ), it is neceflary that
the operation fhould be performed in clofed veflels,
connected with the pneumatic apparatus.

A mafs mingled of one part of powdered char-
coal, and three parts of nitre, 15 the moft proper
for that purpofe. - The addition of fulphur muft

be avoided, as otherwife the explofion would be
too violent. A portion of the above mafs, mo-
derately moiftened, is put into the clofed end of
a gun-
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a gun-barrel, and clofely rammed in.  This end
of the barrel is laid upon ignited charcoal, while
the whole barrel is much inclined, and its aper-
ture placed beneath the funnel of the pneumatic
trough, filled with hot water.

As foon as the end of the mufket, containing
the matertals to be detonated, becomes red-hot,
the detonation begins, extending gradually through-
out the whole mafs; and accompanied by a vehe-
ment and copious extrication of gas.—When, after
the end of the experiment, the nitre remaining in
the barrel 1s .examined, it is found —totally decom-
pofed, and in its place a ‘carbonat of pot-ath is

- left, together with a greater or fmaller portion of
‘unburnt coal.—The gas that pafled over, is com-
pofed of carbo:_fic» and azotic gas.

§ 525

Since the production of carbonic acid, in this
inftance, cannot be explained but on the hypo-
thefis that the carben attrads oxygen from the
nitric acid (efpecially as all the nitric acid en-
tirely difappears, fo much fo that even the water
of the trough contains no portion of it), and fince
a large quantity of nitrogen gas is extricated on
this experiment, it follows that azof, or nitrogen,
I the radical or acidifiable bafis of nitric acid,

As
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~As the quantity of carbonic acid generated by
this - procefs; and alfo the quantity of charcoal
confumed, may be afce'rtained,‘ it is poffible to
decide upon the proportion of oxygen to nitrogen
in the yery' concentrated ni_tric_ acid contained in
the nitrat of pot-ath. For the proportion of car-
bon to oxygen in the carbonic acid being known
'(§ 225), it is, together with the quantity of the col-
leGted azotic gas, a datum from which to draw the
conclufion.—According to ZLavoifier’s {tatement,
0,205 parts of mitrogen, and 0,795 of oxygen,
are -combined in nitric acid, or nearly fo. :

§ 526.

Hence azof is the acidifiable bafis of nitric acid;
and it affumes various forms, and 1s of a different
nature, according as it is combined with various
quantities of oxygen.—With about four parts of
oxygen it conftitutes the nitric acid; with about
three the nitrous acid; with nearly two parts of
oxygen it makes the bafis of nitrous gas; and
with little more than an equal part.it is the bafis
of the gazeous oxyd of azot (§ 513).

In the phlsgiflic [iffem, azot, or mitrogen, is a compound
of phlogifton, and a péculiar bafis of its owa.
c § 527-.

The above theory is confirmed by the fa&, that
nitrous gas, when paffing through a red-hot gun-
f)arrel, is totally changed into azotic gas, becaule

the
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the ignited metal takes up entirely that portion
of oxygen, which ftill remained as part of the
nitrous gas. 3 i

> § 528.

| _By this dorine is moreover explained : firft, the
total deftruction, or rather decompofition, of the
nitrat of ammoniac, when expofed by itfelf to red-
heat (§ 481), and its transformation into water
and nitrogen gas; as likewife the converfion of li-
quid ammoniac into nitrous gas, if it be made to
pafs, by diftillation, through a tube full of native
oxyd of manganefe ignited to rednefs.

§ 529

A fynthetical proof that nitric acid is really
formed by the mixture flated above, 1s afforded by
an experiment made by Mr. Cavendifh *. This
gentleman obferved, that the volume of a mixtare
~of feven parts of oxygen gas with three parts of the
azotic, and confined by an alkaline lye in a glafs-
tube, was diminithed by frequently reiterated elec-
tric {parks; and that the lye had become a nitrat.
However, it is yet a matter of quéftion what fhare
the eleftric matter had in that event.

# For farther particulars fee Mr. Cawendift’s papers in

the Phil. Tsanf.-vel. 75 and 78.—Ed.
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§.530. :

Thus much, however, fesms to be a decided, in-
controvertible fa&, that on the putrefattion of or-
ganic- bodies, azet, one of their conftituent parts,
{pontaneoufly unites with oxygen, which is vielded
by water, or the atmofphere, to form by this com-
bination nitric acid ; which, in this refpect, might
be called a produ& of putrefa&ion. - But the rea-
fon why oxygen and azotic gas produce no nitric
acid by fimple mixture, confifts in the {trong afi-
nity of their refpe@ive bafes to the caloric, with
which they are united in thefe two gafes.

S 53t
Thefe premifes being eftablifhed, it is eafy to
explain the theory of detonation according to the
antiphlogiftic {yftem.

The nitrat of pot-ath difengages in a red-heat
oxygen gas (§ 497 ), which canfes the britk com-
buftion of the inflammable {ubftances. In the tem-
pefatﬂre, which then takes place, the combuftible
fubftance feizes all the oxygen of the nitric acid,
whofe radical, nitrogen, is fet free, and flies off in
the form of azotic gas. Thus the acid of this
nitrat is completely decompofed. - To account for
the ftrong heat arifing on detonation, we find a
fufficient caufe in the great quantity of caloric,
which the gitric acid of the nitrat of pot-ath fill

contains
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contains in a ﬁxed ftate, and which is not altogether
employed for the formation of the gafes which are

then generated.

Yet the phenomena obferved on detonation car-
not ftrictly be deduced from that portion of oxy-
gen gas, which is extricated from the nitrat of pot-
ath; they rather depend on the nitric acid itfelf,
which in-a red-heat ignites the combuftible fub-
ftance by its oxygen, even before this radical is
difengaged in the aerial form. Laftly, it is not
difficult’ to explain, by thefe obfervations, why, by
means of nitre, the combuftion may be carried on
in clofed veflels without any external air at all.

The caufe of the dreadfully great power exerted
by gun powder, when inflamed in 2 confined fpace,
lies in the extreme rapidity with which the com-
buftion fpreads throughout " its mafs; in the quan-.
tity of nitrogen and carbonic gafes which are then
fo fuddenly gencrated; in the elafticity, great be~
yond all computation, which that gas muft receive
by the immenfe quantity of caloric becoming free
at the {fame time; and, finally, in the expanfive
power of the laf in the moment of regaining its
liberty. : 2

§ 532

In the deflagration of fulminating powder (§ 523)
there is no doubt but that on its gradual melting,
fulphurated hydrogen gas (§ 447) is preduced ﬁom

the
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the alkaline fulphuret (by virtue of the water con-
tained in the nitrat of pot-afh and in the alkali);
or rather, that this gas, being then nalcent, and at
the firft period of its generation, produces a ful-
mmatmg air by com bining with the' oxygen ga° dif-
engaged from the nitrat of pot- R 3

Muriatic Adeid.

? § 533 J -

If upon common cuﬁ'uary Jalt fulphuric acid be
poured, a confiderable heat and ebullition . inftantly
arife, and copious whitith fumes are extricated, of
“a peculiar acid and pungent tafte and fmell.—If
thefc fumes be collected by diftillation, and con-
denfed with s little water as poffible, an acid liquid
is obtained, which is {old in the fhops by the name _
of finoking [pirit of Jale (fpiritus falis fzmza?zs
Glauber:).

§ 534

Thxs four fluid is an acid of a peculiar kind,
which, from the falt from which it is procured, has
veceived the name of muriatic acid, marine acid,
or acid of- fea-falt. But becaufe the. acid thus
procured, is but an imperfect acid, as will be (hewn
hereafter, and becaufe its radical is fulceptible of

an lngher degrec of faturatlon with oxygen, I call it
» mm zatous
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muriatous acid* (§ 276), and make ufe of the
expreflion, mutriatic acid, to indicate that higher
degree of oxygenation.

* Notwithftanding this, the term mwvatous has, in this
tranflation, been fapprefied; and the expreflion mu-
riatic acid, as well as its correlative term, oxygenated
muriatic acid, conftantly ufed. For the motives of {o
doing, the reader is defired to refer to the Preface,~
Editor. :

- § 535 L

The beft way of diftilling the muriatic acid is
from a tubulated glafs-retort lodged in a warm
fand-bath, containing two parts of common falt,
 and conneéted with feveral collateral receivers, like
" the middle bottles of the pneumatic apparatus
(§ 128), every one of them having a {mall quan-
tity. of water introduced. All their junétures are
well luted; but the tube of the laft bottle muft
have communication with the outer air.

When every thing is thus prepared, a third part
of fulphuric acid is poured upon the two parts of
falt through the tubular aperture of the retort, ‘but
very gradually, little by little; or fiill better, if it
- be fuffered to drop into the retort by means of a
funnel faftened to its tubular aperture, and whofe
inner opening may at pleafure be clofed wholly, or
in part only, No ftrong degree of heat is neceffary

: o
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to dnve this acid over. Water fhould be put

' mto the receivers, or elfe the vitriolic. acid muft
_ be diluted with water, as without this precau-

tion the -muriatic acid could never be colletted
in the liquid form. '

§ 536
The refiduum of this diftillation, in the retort,
is fulphat of foda. By this it appears, that
the culinary falt is a neutral falt, compofed of
foda,and the above peculiar acid.

SEERRe s RS :

The liquid acid obtained by this procefs, can
never, on account of the neceffary addition of
water, be fo much concentrated as the nitric
acid. Tt is properly colourlefs; and f fufh-
ciently concentrated, emits whitith fumes on ex-
pofure to air. The yellow colour of the muri-
atic acid of the fhops is owing to ferruginous par-
ticles. This laft is prepared in a manner that
cannot be approved of: viz. by diftilling com-
mon falt with calcined green vitriol, and putting
water into the recipients.

§7538.

Stpiétly {peaking, this acid on being extricated
from common falt- by concentrated fulphuric
acid, comes over in the form of gas; which is

Vol, BT P again
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again - decompofed by ﬁm}water Bf the recewels
:mblbmg its- bafis. P ‘ :

Tlns gas 1s. obtained bv expedltmuﬂy dlrc&mg
the aperture of the retort underneath the funnel
“of the quick-filver trough (§ 126); and duly col-
lecting the riﬁng bubbles. It 1s called muriatic
acid gas; 1s very four, its bafis being the mu-

: I‘lath acid, It is fuﬂ'ocatmg, and unfit for main-
taining combuftion. It is immediately imbibed
by water, and this fluid becomes thereby liquid
muriatic acid. Alkalis, lime-water, and the like,

abforb it rapidly, and lofe by this their alkaline
quaht;es

W;th atmofphencal air and . oxygen oas, it
« forms whitith clouds. ' If ammoniacal gas be mixed
with it, and heat applied, both gafes lofe in a
moment their aerial - form, and are transformed
to a concrete falt. (Sal ammoniac). Muriatic
acid gas is not' ated upon by carbonic and
-mitrogen gas; nor by pure and {ulphurated hy-
drogen gas, nor by the fulphureous and nitrous
gafes; pravided they be not moift.

* The expreﬂioh muriatic asid  gas is t_a]{en from the New

French Nomenclature :—The~ author calls it muri-
atous gas.—Edit,

§ 539 &
The neutral and middle {alts anﬁng from muriatic-
acid are the following =

3 © 1. Muriat
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. Muriat qf‘ pot-aﬁz, a falt of apure faline tafte,
foumng cubic permanent cryftals ; which are {oluble
in three parts of cold water, contain, accarding to
Bergman, 0,31 muriatic acid, o,61 pot-ath, and
0,08 of water, and dccrepltatc in fire; but melt

-ﬂ

only in a red hcat : _
Synonyma : D:g eftive falt, febrifuge falf of Sylvius.

§ 540. ; “

2. Of all falts the moft generally known, and
moft abounding in :nature is muriat of foda, or
common falt, The primitive figure of its cryftals is
a cube; but the fmaller cubic cryftals, on eva-
. porating the folution, ufually affume the fecondary
form of hollow tetrahedrons. The tafte of this
falt is purely faline. Its cryftals, if completely
pure, do not decay in the air, and contain, accord-
ing to Bergman, 0,52 of muriatic acid, o,42 of
foda, and 0,06 of water of eryftallization ; though
the quantity of the laft is obvioufly ftated too
{mall. ~ At a moderate temperature thefe cryftals re-
quire 2% of cold, and of boiling water 25} parts
for folution. They cannot, therefore, be cryftal-
lized by cooling. When thrown on the fire, they
decrepitate or crackle, becaufe their water is not
fufficient to diffolve the falt. In a ftrong red-heat
this falt melts; its acid, however, cannot be ex-
pelled, nor can the foda be feparated from-it, by
this means alone, in its pure alkaline fate. In a
' V-2 white-
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wlnte-heat tlns ﬁlt is enﬁrely volatﬂe, ‘and on this
property - t.hc manner. of glazing ftone-ware s’
founded | §3§§) :
: oo SO0

Nature _produces this neutral falt partly ready
 formed and undefiled as rock-falt (fal gemmac)
and offers it in the ‘mines in folid lurnps, feldom
cryﬁaﬂlzed more - or lefs tranfparent, and of vari-
ous colours. It is found in feveral countries, as in
England, Gallicia, Hungary, Tranfylvania, Mol-
davia, &c. in ftrata of confiderable thicknefs. It is
alfo found either embodxed with earths, efpecially
gypfum, as ﬁzlt ~flone 5 or diffolved as in feq- water,
or on land, in brine-fprings ; from which it is pro-
cured by evaporation; receiving thence various naries

of Jea- -falt, bay-fult, &ec.

§ 542

Fiok the degree of folubility of the muriat of
foda (§ 540), it is plain, that no brine- fpring can
contain more of it, than 4,1 842 ounces in the pound
(of 16 ounces). The quantity of falt contained in
the natural falt {prings, or their richuefs, is ex.
prefied either \by loths, viz. half-ounces of falt,
which are contained in the pound, gallon; or any
other fixed ftandard meafure, or better by {fo. much
per cent. and is afcertained either hy droftatically by

arcomelers, or chemlcally —None of the known
brine-fprings ‘is a folution of pure muriat of foda;
but
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but ail of them contain,. bﬁi’ des, fome extrancous
{alts, and other heterocrenoué‘ fubftances, particu-
larly gypfum, muriat of magncﬁa, muriat of lime,
fulphat of magneﬁa 5 ali of whtch nga,y contribute
more or lefs to the 1mpurmgs lﬁ;pﬁ ng the brmc

- 543
If {alt-fprings contain a fuﬁﬁcmnt quant:ty of falt,
it is direétly feparated by evaporatlnﬂ' the water;
which procefs 1s performed in large thallow iron pans’
or boilers, called foves.

The brine is firft clarified with bullock’s blood
and fcummed off. "When after farther evaporation
the faline pellicle appears on the furface, or if the
brine begins to grain, the heat is {o regulated, that
the vapours continually break the faline cruft, and .
thus occafion 1ts finking to the bottom. The pre-
cipitating falt-1s next taken out with perforatcd
ladles and put into bafkets, that the adhering brine
may run off; and 1s laftly deied in well heated
chambers. If this firft prec1p1tatmg falt be i 1mpure,
it 15 colleted by 1tielf

The lye remaining laft in the boiler fmother-
water) contains the not-cryftallizable falts of the
fpting ; ufually fome muriat of magnefia, or as is
the cafe with ours (at Halle in Saxon)) muriat
of lime. © Their accumulation in the boﬂers, :
when w1th0ut cleaning them, freth quantities of

v 3 _ brine
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brine are continnally boiled, always makes the falt
that is obtained more and more deliquefcent and
bitter. ~ And the cruft (called fchlot by the work-
men), which is there formed, confifts of various
'fubftances ; and may contain gypfum, carbonat of
lime, fulphat of magnefia, and a greater or {maller

~ portion of muriated foda.

§ 544 \

If the falt- f'pnngs be too ‘poor, and require too
great an expence of fuel to extrad their falt, part
of the fuper-abundant water is evaporated by the
affiftance of atmofpherical warmth, in particular
bmldmgs called graduating houfes.  And in order
to give to the water the greateft poffible furface;
it is pumped up, and made to drop or trickle down
through bruth-wood in the form of rain; in which
flate the air penetrating from all quarters, greatly
accelerates the evaporation, while by particular
contrivances the bnne 1s theltered againft winds and
weather.

A dry and warm feafon is chofen for this opera-
tion. When thus f{ufficiently diminifhed, the re-
maining water is finally evaporated in the boilers
(§ 543). The incruftations formed on the faggots
and fides of the wooden pans colle@ting the falt-
water, trickling down from the top of the building,
confift chiefly of gypfum ;  but may alfo contain
carbonat of lime, and carbonated oxyd of iron.—

: However,
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However, the falt obtained from a brine, thus
.graduated, is ' not always purer, than what 15 pro-
cured without that operation. -

§ 543. o
In- fome parts —of Upper Germany, cawt[es or
ditches are dug in the {falt-mines, and fweet water
conveyed there, for the purpofe of making, in that
way, attificial brines; which afte:wards are evi-
poxafed by boiling.

§ 546.

From the fea-water common falt is moitly ob-
tained by {pontaneous evaporation -in warmer cli-
mates, and in a warm and dry {eafon.  This is
.done in falt-pits, as they are called, or ﬁat pleces
_of ground clofe to the fea-fhore, banked round, to
prevent their being overflowed at high-water, and
divided into {feveral «compartments. When - the
crutt is formed by evaporation, the workmen break
it, rake it out occafionally, and let it dry in heaps
In this ftate it is called bay-/alt ; which is farther
* refined and cleared from impurities, by being again
diffolved, and evaporated upon the fire. The wa-
ter of the ocean®is not every where equally rich
in falt ; towards the equator and at a great dupfh,
it contains more than at higher latitudes, and
near the f{urface.

* There are alfo fome natural falt-lates, as the Felranic

in the Ruffian dominions near Sarafows and Dmitrenv/?.
U 4 Theix



206 Mineral Acids; ¢, [ChigpeV.”

Their falt is not different from bay-falt; "e'x;éptihy-
~ the calual intervention of fome other fubftances.—
Edit. . -

Sighg

The muriats of foda, of whateverkind, whether
obtained from  rock-falt, fea-falt, or from falt-
fprings, are not cAcntially different from each other ;
their difference confifts merely in the different ad-
hering extrancous matters. The falt in the ftate
in which it is commonly fold, is indeed hardly ever
pure ;- being_ ufually contaminated with the - mu-
riats of lime or of magnefia; and under thefe
circumftances it is more or lefs difpofed to grow
moift and to deliquefce. Its folution is therefore
rendered turbid by carbonated fixed alkali; which
is never the cafe with pure muriat of foda.

§ 548. :

Mouriatic acid has a lefs affinity with foda, than
with pot-ath ; hence the muriat of foda is de-
compofed by the latter * *).—The procefs fucceeds
_beft in winter. The alkaline part of the pot-ath
fhould equal the weight of the dry culinary falt,
If common. pot-ath 1s ufed, vitriolated tartar fe-
parates firft (§ 643). And as the foda cryfallizes
only after complete refrigeration, the lading over

of the lye, while'yet warm, from veflel to veflel
- affords an expedient to part the digeftive falt (§’
539) from the mineral alkali, Thofe, who are
: ' awarc
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aware of the quantltles of carbomc acid and
water contained in the carbonat of foda (§ 360),.
which is the refult of the operation, cannot
wonder that more of it is obtained, than the
muriat, employed for that purpofe, amounted to.”

# W‘hat f;)llo.ws after *j, the editor thought ufeful to
transfer from the author’s larger work.—Mr. IWeflrumb -

- -has likewafe given an able differtation on that fubjed,
—Edit, :

: § 549:

3. Muriatic acid, .when fatusated with ammo-
niac, forms wmuriat of ammoniac or common fal-
emmoniac : a neutral falt, cxciting a pungent, and
in fome manper urinous tafte, fhooting into double
plumous or feathered cryftals, which are properly
an aggregate of tetrahedrons. This falt is of eafy
folution in water, requiring at a moderate tempe-
- rature of 5o® Farenh. 2,727 parts of water, and
on boiling, about equal parts.  The cryftals con-
tinue unaltered in the air—This falt is volatile
in the fire,-and may be fublimed, in loofe ﬁogaers >
of Jul-ammoniac if the fire be weak; but in

compaét cakes, 1f {tronger.

e § s530.

Sabnmmmzmc s certainly found native in vari-
cus places, particularly as a volcanic produé‘t but
that of commerce is obtained by art.  Till lately

no
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no other factitious fal-ammoniac was known, than
that which came from Egypt; where, for many
centuries paft, it has been prepared by. {ublimation
from the foot of burnt camel’s dung. The Egyp-
tian muriat of ammoniac is brough-t .to ‘us in
round convex and concave lumps or cakes, foiled
in various degrees with particles of {oot on _their
furface.—Of late it has been attempted in Europe,
to combine the component principles of fal-am-
moniac in a fecondary way (for example, fulphat
of amnioniac with muriat of foda), in fuch a
manner, that its price may not be too great.
- § 55E

Both the fixed alkalis immediately decompofc.
the muriat of ammoniac, becanfe the muriatic acid
has not fo great an attralion for the volatile, as for
the two other alkalis; {oda and pot-afh. Even fim-
ple trituration with eitherof them decompofes it.

Englefp fimelling bottles i ﬁ! puignant d’.d;zglefmz. J

§ 552 :

Muriat of lime, or the combination of cal-
careous earth with 'munat:c acid, is 3 very deli-
quefcent middle-falt ; of a difagreeable bitter tafte,
not parting with its acid in the fire, It is/found
native in {everal wafers and fome brine prings, as
in that of Halle, and many ‘render common falt
deliquefcent, if adhering to it (§547).

Synonymas
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Synonyma: fived [ul-ammoniacy oil of lime (oleum calcis)
- and by fome marine filenite.

§ 553
As the two fixed alkalis, pot-ath and foda, have

a ftronger attradtion for the muratic acid, than

calcarcous earth is poffefled of ; either of them de-
compofes the muriat of lime.—Ammomac, on
the contrary, has a lefs affinity with that acid than
lime ; hence fal-ammoniac 1s decompofed by cal-
caréous earth.  On this principle depends the ufual
method of preparing liquid ammoniac (§ 28%), or
caufiic [pirit of fal-ammoniac, ([piritus falis am-
montaci cum calce viva, alkali fluor.)

To obtain it in the moft commodious way,
three parts of lime, juft flacked in the air, “are
 introduced into a glafs retort,  together with one
part of fal-ammoniac; a receiver, containing one
part of water is then luted to the retort, and the
diftillation is cautioufly performed on a fand bath.
The refidual mafs in the retort is muriat of lime,
~ together with fome unchanged calcareous earth.
It melts in a red-heat, and yields, after congealmg,
Homberg’s phofphorus ; which gives light in the
dark, when molently ftruck upen, or when fcratch-
ed with "an iron w1re = but foon lofes this property
inmoift air, "

Y 554

i
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: § 554 o
- 5. The muriat of magnefia is likewife an ex-
tremely d'eliquefcen'tf_ middle-falt, of a very fharp
“ and bitterith talte. In a red-heat it abandons its
acid ; but the laft pqrtibns of .it.with greziter dif-
ficulty.
. . Synonyma : magnefian marine falf.

.

§ 555
“Pot-afh and foda feparate the magnefian earth
Afrom muriatic acid —Ammoniac produces the fame
effect ; but only imperfectly, 'forming rather with
the magnefian muriat a triple falt (ammoniccai
muriat of magnefia)—Lime-water precipitates
the magnefia from the muriatic acid which held
it in folation. '
§ 3556
‘This middle falt abounds in nature, particu-
larly in mineral waters, dnd falt-fprings, having its
fhare in forming their mother water (§ 543)- Itis
likewife contained in the waters of the ocean, and
1s the chief caufe of the bi"tte;ﬁefs of fea-;.vater.

: § 357 i
6. Muriat of alumine, or argil, is harfh and
aftringent to the tafte, cannot be cryftallized,
and is very deliquefcent. Ignition decompofes
this middle-falt.  All alkalis, lime-water and mag-

nefia,
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nefia, - feparate the aluminous earth from its com-
bination with muriatic acid. ‘

Synonyma :—dArgillaceons marine faits

e § 558

7. Muriat of  barytes forms a middle-falt
tabular cryftals; of a bitter tafte, foluble in fix
parts of water in a mean temperature, and not af-
feCted by the influence of the atmofphere, either
to deliquefce or efflorefce. A red-heat drives out
its acid. : 2

Synonyma :—Ponderons mavine falt. (Terva ponderofe
JSalita.) :
§ 559

Neither the fixed alkalis, nor the volatile, when '
pure, decompofe the muriat of barytes; though
- the carbonated alkalis do it by means of double or
intermediate affinity (§ go0). Thus alfo lime, mag-
nefia and alumine, arc unable to feparate the acid
from the barytic muriat.. Hence ponderous
earth has of all alkaline or earthy * fubftances
(§ 279. 300) the greateft affinity with muriatic
acid; and is therefore placed direétly under that
‘acid, in the tables of ele@ive attractions.

5 g iyt

8. Stontian-earth is without difficulty diffolved
by muratic acid, The muriat of Strontian-
earth; produced by this combination, forms by
flow imperceptible evaporation long permanent
cryftals,
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cryﬁﬂs,_ talting bitter, eafily foluble in water, and
conflituting fix‘fided prifms of alternate broad
and narrow lateral. furfaces, with three-fided py-
ramidal terminations. ‘Their acid is not feparated
by fire. - The place, which, in the lift' of affini-
ties w1th muriatic acid, 1s due to St;ontmn-earth,
1 not yet exactly determined.

§ 561.

9. Circon-carth is foluble in muriatic acid;
- but the properties of the muriat of circon-carth
are fhll unknown,

§ 562,

10. According to Wedgwood, the muriatic is
the only acid capable of diffolving auftral-carth,
and requires for that purpofe the affilftance of
boiling heat. The faturated folution of this -
riat of aufiral-carth is not cryfcallizable, and 1s

again decompofed by mere affufion of watel fire
alfo expels the acid.

This feftion rmght have been fpared —See note te
- § 349.—Edit.

Y 563. ,
In the graduated arrangement of affinities,
refpecting alkalis and earths, the muriatic acid is
by far fupcrxer to the carbonic ; and all carbonats,

whether neutral ar mlddla-falts, eﬂ'crvefcc with
murxa.tic acid,

o
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Of the decompofitions of both kinds of neu-
tral and middle-falts, by means of intervening
double affinity, will be noticed in this place.—
Firf,, the decompofition of muriat of foda by
~carbonated pot-ath, - and the method thence de-
rived of obtaining carbonat of foda, though it is
not an ealy tak to feparate the muriat of pot-
ath from the latter.

Secondly, the decompofition of muriat of am-
moeniac by carbonated poft-ath, and the method
founded thercon of procuring carbonat of”ammo-
niac, both in the liquid form (/piritus fulis am-
montaci tartarifatus) and in the concrete or folid
fate (fal volatile falis ammoniaci), which is done
by diftilling one part of pulverized fal-ammoniac
with three parts of vegetable alkali in a glafs
retort : adding water, if the liquid {tate, and
omitting the water if the concrete flate of the
¢carbonated ammeoniac be intended; in which laft
cafe it is properly a fublimation.

Thirdly, the decompofition of muriat of lime

by alkine carbonats; of the muriat of magnefia
_ by the carbonats of pot-ath and of foda; and
the method, which depends on it, of obtaining,
in a profitable way, the carbonated magnefia from
the mother-lye of various falt-{prings.

Lajtly, the decompoﬁt;on of the muriat of ba-
rytes, and muriat of Strontian-carth by carbon-
ated alkalis, and the preparatlon of artificial car-

bonats
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benats of barytes and - Strontian-earth, by this
decompofition of their muriats.

& The chemical wonder—If the folutions of muriat of
lime, and of carbonat of pot-ath be made with as
little water as poffible, and added in due proportion, .
thefe two fluids coagulate to a jelly-like fubftance,
becoming more and more folid, and at laft quite
hard. This is the chemical wonder mentioned by the
anthor.—Edit. .

§ 504 :
As to affinity with alkalis and earths, the mu-
riatic acid 1s 1nferior to fulphuric acid; as the
expulfion of muriatic acid from common falt, ef-
fected. by the fulphuric, fufficiently proves (§ 535)
The muriat of barytes is for this reafon a re-
agenl, ferving to difcover the prefence of ful-
phuric acid in any fluid *.
¢ Hence the barytic muriat is a re-agent, of great ufe for

- purifying the muriatic acid itfelf from the fulphuric,.
which it often contains.—Edir.

Of the reciprocal decompofitions of neutral and
middle-falts formed by the fulphuric and muri-
atic acids, we mention the following: 1. The
decompofition of muriat of foda by fulphat -of
ammoniac, and the preparation of {al-ammoniac
and Glauber’s falt thercon ei_tﬁlgliﬂ:ed (§ z550):
2. The decompofition of muriat of foda, by ful-
phat of magnefia in a freczing cold, and the
cheap extraftion of Glauber’s falt from the in-

cruftations

»
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gruflations formed in the boilers by fuch brine-
fprings as contain fulphat of magnefia (§ 403);
and allo the formation of Glauber’s falt, or ful-
phat of foda in thofe falt-fprings in time of
froft. 3. The decompofition of muriat of lime
'by {"ulphat of foda, or of magnefia; and 4, The
decompofition of the muriat of barytes by all
{ulphats, either of the neutral or middle kind.

§ 565.

The nitric "acid poflefles likewife a nearer af-
finity with alkalis and earths, than the muriatic
acid. Its {uperiority in this refpect is, however,
not vci'y great.

: § 566.

From analogy it might be concluded, that
muriatic acid, like the fulphuric and nitric, s
compofed of a peculiar bafis of its own, and oxy-
gen.  But chemifts have not as yet fucceeded
in exhibiting the firlt by itfelf, and feparating
the laft from it. Hence the radical of muriatic
acid remains {Ell unknown (§ 271). Girtanner
thinks he has difcovered, that this radical is
hydrogen, and Armet even fuppofes it to be the
‘metal 2inc.

Oxygenated Muriatic A cid.

§ 567 _

The I‘adlca.l of the muriatic_ acid ‘may -be com--
-bined with a ftill greater .portion of : oxygen, and
VOL. 1, X gl ke "~ appears.
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appea.rs then in a different condition, of diffes-
ent qualities and difpofitions towards other fub-
ftances. It thus becomes a perfet acid, and has
therefore been called oxygenated muriatic acid*.

Synon ym.-—-Depregijﬁrat&d marine acid.

* The author does notapprove of this appellation ; he
calls it fimply smuriatic acid, to diftinguith it from its .
imperfe& ftate, wherein he calls it smuwriatous acid
(§ 534). He appeals to (277) where he afferted it
to be a falfe fuppofition, that any acidifiable bafis
may be over-faturated with oxygen; and is in the
opinion of the tranflator quite right in this idea. -
"The tranflater, however, not prefuming to command
or alter the ufe of Ianguage, keeps to the expreflion
of axjgenated myriatic acid, as adopted in this country,
from the modern Nomenclature, and leaves it to the
Englifh chemifts to decide upen this matter.—Ed.

§ 568.

To obtain oxygenated muriatic acid, the black
oxyd of mangancfe is employed ; which, we know,
(§ 2o1) contains a vaft quantity of oxygen, and
readily gives it up to the muratic acid.—One
‘part of it in a pulverulent flate, is put into a
retort together with three parts of  concentrated
muriatic acid ; the retort is-next laid in a fand-

“bath, and connected with the pneumatic trough,
filled with hot water; upam which a gentle heat
is applied. A kind.of effervefcence enfues, and
after the atmofpheric air of the veflel has come
over, an elaftic fluid of a pale yellow colour is

€xX-
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extrlcated; which is caught and preferVEd in bot=
tles, clofed with glafs foppers fitted by grinding,

Y 569.

The expanfible fluid thus obtained is not a
gas, but a wvapour, which at a témperaturc {carce-
ly higher than the freezing point congeals to a
concrete f{ubftance, in a pointed fpicular form, and
affumes again the aerial ftate at a raifed tempera-
ture.—The elaftic oxygenated muriatic acid pof>
fefles an uncommonly pungent, fuffocating {mell 5
kills in ‘a moment all animals that are immerfed
_1n it; is abfolutely and in every refpe@ non-
refpirable ; is gradually abforbed by water, form-
ing with it liquid oxygenated muriatic acid. It
befides does not admit of being confined by
mercury ; becaufe it diffolves this metal, and can
only be kept for ufe in bottles with ftoppers of
glafs, well ground to fit the aperture as ‘tightly
as poffible.

i e .

Blue vegetable pigments are not only redden-
ed by oxyegepated muriatic acid; but their co-
lour, as well as that of every other of vegetable
origin, of whatever defcription, is totally deftroyed
by 1it. All flowers of variegated colours, and
green leaves of plants are, in time, rendered white,
and difcoloured by this acid. No alkali is capable

.2 of
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of reftoring their colour when loft. Upon this
property depends the ufe made of oxygenated mu-
ratic acid for bleaching linen and cotton.
Berthollet has the merit of this difcovery, and Chaptal
has fkillfully applied it to the reftoring of old papers
and fullied prints to their former whitenefs. Vide
his memoir on that fubjet, in the Mem. of the Paris
Aead. for the year 1787—Edit.

i § 571

A lighted wax candle continues to burn in the
elaftic oxygenated muriatic acid; though with a
. diminifbed and duller flame. Phofphorus; char-
coal, cinnabar, grey antimonial ere, antimony, bif~
muth, zinc, and feveral other combuftible bo-
dies reduced to powder, are even. fpontancoufly
inflamed, when thrown - into this elaftic and
warmed “acid.—Thefe inflammable {ubftances de- -
prive it of a part of its oxygen, -and convert it
into the imperfed, or muriatic acid.-

Y 572
Hydrogen gas affords with oxygenated muriatic
acid, when in the elaftic ftate, a mixture that
may be fet on fire. The produét of the com-
buftion is liquid muriatic acid.

: § 573
Sulphur likewife decompofes the oxygenated
muriatic acid, converting it into the fimple mu-
riatic.
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riatic. ~ For the fulphur robs the acid of part of
_its oxygen, and is itfelf converted into fulphuric
acid.—Sulphurated hydrogen-gas is affeCted in the
fame manner by that elaftic ‘acid, as by vitai
air (§ 447, 449); {ulphur is. precipitated, and the
perfect muriatic acid, united with the hepatic
water, at the fame time produced, is transformed -
to common muriatic acid.

§ 574
Nitrous gas dire&ly produces with the elaftic
6xygenated muriatic acid reddifh fumes; and two
acids, the nitrous, and the common muriatic,
are formed. :

§ 575
Azotic gas feems not to a& on perfe&t mu-
riatic acid.—But ammoniacal gas, if that acid
be warm and in an elaftic ftate, produces with
it a kind of combuftion, whereby the ammoniac
is decompofed, and nitrogen gas, water, and ﬁmple
muriatic acid, are generated. '

§ 576
The neutral and middle-falts, ar paygenated
muriats, which arife from the combination of
alkalis and earths with perfe& muriatic acid, are
effentially different from the fimple muriats,
formed” by thofe alkaline {ubftances, and the
common muriatic acid. : :
: X3 1, Ory-



310 Mineral Acids, &c. [Chap. V.

1. Oxygenated muriat of pot-afk forms per-
manent, flat cryftals, affuming the fhape of fix-
fided prifims, obliquely truncated. at their ends;
of a cooling faline tafte; more {oluble in hot,
than in cold water; poflefling likewife the power
of oxygenated muriatic acid in being deftruétive of
all vegetable pigments; and emitting when heated
pure oxygen gas, “while at the fame time it 1s
converted into common muriat of pot-ath, This
neufral falt, when mingled with charcoal duft,
and prGjected into a red hot crucible, caufes a
violent detonation. It does the fame with fuls

_phur. Triturated together with phofphorus, the
explofion becomes very da_ngerous,

The experiment, made in France, for fubftituting this
oxygenated muriat of pot-afh for nitre asan ingre-
dient in gun-powder, has coft {everal lives. The
firongelt preparation of this kind which the tranflator
has ever feen, was prepared by My, Sandman, who, -
befides the great works he carries on in partnerfhip
with Mr. Fones and Alder of Ratclifi-highway, pre-
pares, in the moft fcientific manner, and greateft per-
fefion, all the nicer and finer articlés of modern che-
miftry, and who, though not yet f{ufficiently known
According to his merit, yet by his genius, application,
and ardent zeal for the fcience, _fairly promifes to en-
vich it with important difcoveries: fome inftances of
which might even now be given.—Ed.

Confult Experiments and Obfervations on the Preparation,
and fome rerarkable Proeriies of the Oxygenated Muriat of
Pot-afp. By Thom. Huyl, jun. in the Memvirs of the
Manchefler Society, &c. vol. §—ERd, it

) : 2. The
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2. The oxygenated muriat of foda is, as to its
qualities and habitudes, much alike with the
former. 3. The oxygenated muriat of ammoniac
cannot exift, according to the arguments given
§ 5755 though Fan Mons of Broflels pretends to
have made fuch a combinaticn. 4. The oxygen-
ated murniats, 4, of lme; s, of mugnefia; 6, of
alumine; 7, of barytes; 8, of Strontian- earfk,
are not yet fufficiently known.
The reader need not be reminded, that the author calls
thefe compounds fimply muriats, to diftinguifh them

rom thole made with common muriatic acid, which
he calls mariatous, pot-afp, foda, &c.—Edit.

§ 577
If liquid oxygenated muriatic acid, contained in
a retort made of white or cryftal-glafs, and conne&ed
with the pneumatic apparatus, be expofed to the
fun’s rays, oxygen gas is difengaged, and the refidue
is common muriatic acid. :

§.578
Oxygen and muriatic acid gas (§ 538) mixed
together do not produce oxygenated muriatic acid,
becaufe their union is prevented by the combination
of their refpective bafes with the caloric.

§ 579
The acid of the oxygenated muriat of pot-ath is
driven off from its combination with the alkali, by
means of fulphuric acid.
X . % 580,
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: § ;80.
* By the procefs for obtaining oxy’geriated muriatic
acid (§ 568); only a part of the common muriatic
acid employed is oxygenated, or converted into per-
fect acid : for the native oxyd of manganefe gives up
a part of its oxygen to that acid, which thereby
is rendered elaftic, and efcapes in vapours; while
the metal, having thus been more difoxyded, is

* diffolved in the remaining part of the imperfe® or
fimple muriatic acid.

Nitro-muriatic Acid, (Aqua regia),

§ 581.

Nitric acid 1s likewife deprived of part of its
oxygen by common muriatic acid; which laft is
thereby oxygenated.—If, therefore, one or two parts
of ftrong colourlefs nitric acid be mixed with four
parts of concentrated marine acid, a great heat and
cifervelcence take place, and an elaftic oxygenated
muriatic acid is extricated. The mixture exhales
alfo the odour peculiar to that acid, and affumes a
yellow colour, In this ftate it contains nitrous acid,
combined with oxygenatcd muriatic acid.

This combination has by former chemifts re-
ceived. the name of agua regis, or regia, and is
: to
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to be confidered as nitro-muriatic acid. 1t de-
ives its efficacy from that portion of perfe@ mus
riatic acid which it ‘contains; and on that account
it cxerts folvent powers different from thofe pot-
fefled by the common marine acid alone, or the
‘nitric acid ; namely, it has the power of diffolving
gold.—This menftruum is alfo prepared by diffoly-
. ing fal-ammoniac, or, in its ftead, common culinary
{alt, in nitric acid, -

Fluoric Acid, perfect and imperfect.

§ 582.

When fulphuric acid is poured upon finely
levigated fluor-fpar, a quantity of whirifh fumes,
poflefled of a four tafte and f{mell, efcapes; and

if a plate of glafs be held above thefe clouds,
its furface is rapidly attacked by them; the glafs
lofes its polith, becomes untranf{parent, and has
really fuffered corrofion,

: § 583
This effet upon glafs anid filiceous earth is pro-
duced by' no other acid, which we are at prefent ac-"
“quainted with; and for this reafon, the acid ex-
tracted from the {parry fluer by means of the ful-
phuric, is entitled to be confidered: as a diftinét,
peculiar acid, named fuoric acid.

Synonyma :
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Synonyma: Hlronsiacit by the author, becaufe Hebikes
it for an imperfe@t acid (§ 590); alio parry aad
aad of fluor-fpar (acidum fluoris minzralis ).

§ 584 :
The: fluoric acid may be colleCted by expofing
fluor {par and vitriolic'acid together to diftillation;
but it appears, from the property juft mentioned,
that the operation ought not to be performed in
glafs veflels, fince the acid obtained would be con-
taminated with filiccous earth. .
For when upon finely pulverized fluor fpar an
equal quantity of fulphuric acid is poured in a -
“ glafs-retort, to the neck of which a receiver with
water is afterwards luted, and the whole fubjetted
to diftillation on a fand-bath, the fluoric acid comes
over, and is abforbed by the water. But it de-
pofits on the fides of the receiver a pulverulent
filiceous cruft, which has been taken up by the acid
from the glafs of the retort and volatilized, but fe-
parates again as foon as the acid is abforbed and
diluted by the water,

The water of the receiver, therefore, contains the
abforbed fluoric acid, yet ftill holding a portion of
filiceous earth diffolved; which is proved by fa-
turating it with an alkali, with which the acid
combines, throwing down the earth.—The refiduum
in the retort is gypfum, formed by the combination

of
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- of the fulphuric acid with the calcareous carth of
the fluor-fpar.

Marggraf was the firk who took notice of this acid,
Scheele explained its nature, and demonfirated its
~difference from all other acids. Wiegleh proved that
the earthy refidue, when the procefs was performed
in glafs veffels, 1s of the filiceous kind. = Aad all
doubts about his opinion have been filenced; fince
Scapoli has employed gilt-filver, Wenzel leaden, and

- Meyer pewter-veflels, for the extraltion of fluoric acid
from fluor-fpar.—Edit.

§ 358s. :
Hence, to obtain . this fluoric acid in its pure
ftate, the diftillation of the experiment above de-
fcribed muft be performed in a leaden retort and
recelver,

§ ;586. ,

With regard to {mell, tafte, and volatility, the
fluoric acid greatly refembles the common muriatic.
By diftillation it cannot be obtained-in a folid form
without putting water in the receiver.—Unmixed
with water, this acid pofleffes the form of gas, and
is in this ftate expelled from the fluor-fpar by the
{fulphuric acid; but the gas coming over is de-
compofed by the water of the receiver, which
imbibes its bafis, forming with it liquid fluoric
acid, .

§ 587.
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- §587.

If, therefore, on diftilling fluor-fpar with ful- .
phuric acid (§ 584), the orifice of the retort be
placed under the funnel of the pneumatic quick -
filver-trough, the fluoric acid paffes over as a per-
manent elaftic fluid, and conftitutes the Auoric-
acid gas. 'This gas meeting with atmofpherical air
is changed to white fumes, is immediately abforbed,
or rather decompofed, by water, and ecombines with
it to form' iquid fluoric acid. Its fpecific gravity
1s greater than that of common air; it is improper
for refpiration, and extinguithes a light brought
within it, Tt is very four, directly clouds lime-
water, and is decompofed by it, as alfo by alkalis.
With ammoniacal gas it unites, and forms a cons
crete body.

B § 588.

‘vVhen this gas is diftilled from a glafs retort,
and afterwards decompofed by the addition of
water, it depofits filiceous earth. From this it
is evident that the fluoric acid is capable of vo-
Iatilizing, and giving the gerial form to filex,

3 589.

From analogy with other acids, the fluoric muft
of courfe be made up of a diftin& acidifiable bafis
and oxygen. But hitherto it has-been beyond the
reach of art to decompofe it, or to feparate its

radical ;
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* radical ; which, conﬁ:quent]i, muft be ranked among
the unknown {ubftances (§ 271).

§ 590~ .
Various phenomena make it probable to me, that
the radical of fluoric acid, as far as we are ace
‘quainted with this laft, is not quite faturated with
oxygen; and, confequently, that this acid muft,
like the muriatic, be looked upon as an fmperfect
acid.  Its production in the perfeét flate, or com-
pletely faturated with oxygen, by means of the na-
tive manganefian oxyd, when it might be called
orygenated fluoric acid*, deferves -a farther in-
veftigarion. ;

# The anthior ftyles it fimply fusric acid. The phe-
nomena alluded to are relative to its aerial flate. It
does not feem that this gas is decompofed by atmo-
{pherical air, merely by attralting its moifture, There
rather appears to happen in this cafe, though in 2
lefs degree, fomething fimilar to the alteration of

nitrous gas effe@ted by vital air (§ 508), @iz, an in-
creafed oxygenation.—Edit,

§ 501
The neutral fuats, or falts proceeding from the
combination of fluoric acid with alkalis and earths,
have never been applied to any ufe. It will, there-
fore, be fufficient to give their names:—i: Fluat
of pot-afh. 2. Fluat of foda. 3. Fluat of am-

moniac.

§592.
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§ 592.

4. With - calcareous earth the fluoric acid pro-
duces a compound quite infoluble in water; afd
if the acid be poured upon lime-water, a pre-
cipitate immediately falls down, being Auaf of
Uime. Such is the natural Auor-/par, or fimply
Jluor; which, for its entire infolubility in water,
does not. belong to falts, but to earths. It is
found in fine cubic cryftals, of various degrees of
tranfparency, and of the moft beautiful and vary-
ing colours. This fpar is fufible in fire, yet with-
out parting with its acid. While melting it dif-
folves other kinds of earth, and is for this pro-
perty made ufe of as a flux in Jmelting-works, to
facilitate the fufion of other matters (§ g93);°
whence alfo it has received its name. It 1s lu- -
minous in the dark, when heated.

§ 593
~ None of the combinations of other earths with
the fluoric acid is at prefent ufed ecither in arts
or trades. Such are, 5. Fluat of magnefia. 6. Fluat
of barytes. 7. Fluat of alumine. 8. Fluat of
Strontian-earth.

Kl
The fluoric is, of all acids, the only one capa-
ble of diffolving, and even volatilizing, /iliceous
earth.—If a plate of glafs be held over the va-
pours or fmoke arifing from-a warmed mixture of
powdered
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powdered fluor-fpar and fulphuric acid, its furface
is thortly after attacked and corroded by them
{§ 582). Hence this acid is of ufe for etching
upon glafs, and removing decayed or injured ena-
mels from metals ornamented therewith: as watch-
cafes, fnuff-boxes, rings, &c.

The liquid fluoric acid als ‘alfo on glafs, but not fo
effeCtually as the fluoric-acid vapours. Marggraf firft
perceived this property; it was referved to Puymaurin
and Klaproth to apply it to etching upon glafs.—
Beckmann continued to improve upon’ this procefs;
and Ye¢lin fhewed the method of etchmg, by this-
means, the glafs—mlcrometers —Edir.

- § 595
Fluoric acid effervelces with and drives out the
carbonic acid from carbonated alkalis and earths;
but its affinity with thofe fubftances is not fo

ftrong as that of the fulphuric, nitric, and me-
rialic acids.

Boracic Acid.—Borar.

§ 596.

The mineral acids feparate from borar, in the
humid way, an acid falt, which in every refpe& is
charaéterized as a peculiar acid, and goes by the
name of boracic acid.

Sy’hoﬁ}’m i Sedatiwe falt (fal fedativum Hombergii).
§ 597
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If fu]phunc: acid, for inftance, be gradually droP-
ped into 2 folution of borax in hot water till the
folution acquires an acidulous tafte; if the fluid be
then flowly evaporated in a glafs-bowl, till thining
fcales appear; and if, after this, it is fuffered to
cool, white, refplendent, faline flakes will fhoot out;
which, ‘by filtering through paper, are feparated
from the lixivium, well wafthed with cold water,
and dried. Thefe are the boracic acid. When the
remaining lye is farther evaporated, and treated’ in
the fame way, more fuch flakes are obtained. At
laft, fulphat “of foda cryftallizes; and for this rea-
fon the firlt evaporation fhould not be carried too
far, left that' falt enter into the cryﬂa]s of the
‘boracic acid. -
§ 598-

Boracic acid forms a white, fcaly, glittering falt ;
foft to the touch; of ‘a tafte hardly acidulous, yet
reddening the tincture of litmus; and of difficult
folubility in cold water, requiring for folution at
50° Farenh. 20 parts of it; but eafily diffolved by
boiling water. This {alt endures expofure to air; is |
not volatilized by fire, though by aqueous vapours
it may be mechanically raifed up: - By a red heat
it 1s fufed into a tran{parent glafly mafs, which is
much difpofed to difiolve the argillaceous - earth
of the crucible. By this melting it undergoes no
farther change, than the lofs of its water of cryftal-

lization,
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I_xzatxon. The boracic acid 1s, therefore, by 1its
fixity in fire, greatly diftinguithed from all other
mineral acids hitherto treated of.

§ 599 :
: From analogy with other ac1ds, I am inclined to
think that the boracic acid is formed by an acidi R
able bafis peculiar to itfelf, and oxygen. Yet the
produétion of its bafis, in a feparate ftaté, has hi-
therto fruftrated all attempts; whence it is to be
clafled among the undifcovered principles (§ 271).

§ 6oo.

Immerfe flips of paper into a faturated hot {olution

of that acid falt in water, and dry them again, they
will then burn with a light yellow flame. But
{pirit of wine, wherein this falt has been diffolved,
burns with a yellowith-green flame. This laft cir-
cumftance does by no means prove, that copper is
contained in boracic acid. |

§601

Since on preparing boracic acid; by the method
ftated above (§ 597) from borax by fulphuric acid,
we likewife obtain {ulphat of foda, it follows that
the dorar is a compound of its own acid and of
foda. ‘This fubftance is a falt of a bitterith alka-
line tafte; changing the blue f{yrup of violets to

green; not effervefcing with acids; and ufually
VOL. 1. 3 furmmcr
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forming fix-fided prifmatic cryftals, two fides of
which exceed the others in breadth, and which
are terminated by three-fided pyramids. Of cold
water it requires at 50° Farenh. 12 parts of its
_weight, of boiling water only 6, for folution. Its
cryftals are permanent in the air, and their glitter-
ing furface is but flowly dimmed by it. Expofed
to moderate heat, it liquefies in its own water of
 eryftallization, fwells up very ftrongly, and becomes
- awhite, folid, loofe-mafs, of the name of calcined
" borax; no other way differing from the cryfallized,
than by the lofs of the water of cryftallization.—
Calcined borax readily melts, as foon as it has
reached the ftate of ignition, into a pellucid glafs,
which may be totally re-diffolved in water, and
- again cryftallized. | ]

§ 6oz.

The borax of commerce, with regard to its com-
pofition (§ 601), is not the produce of art, but of
nature. This native, or crude borax, is called
tincal (tincor, borech, pounxs), and is parﬂy dug
up in India, Thibet, and Perfia; partly obtained
by evaporation from the waters of {ome falt lakes.
It was formerly at Venice, but now chiefly: in Hol~
land, refined from -its adhering impurities: by. folu-
tion in hot water, filtration, and careful: cryftal-

Lization. Tt is then called refined, or Venctian
borax. '

§ 6032.
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§ 6os.

The acid of borax has alfo been found native *
in fome parts- of the Grand Dukedom of Tufcany s
and, combined with calcareous and magnefian
earths, in the gypfum of Luneburg.

*# This difcovery was made in 1777 by Hoefer, on
analyfing the waters of the Lake Cerchais, near
Monte Rotondo; he alfo made borax by uniting that
acid with foda. It was, befides, found in fome
other ftagnant waters in the territory of Siennaz
and Mafeagni found it cryftallized in the mud of
thofe lakes.—Edit. s

§ 604.

Common horaz * confifts, according to Berg-
snan, of 0,34 of boracic acid; o,17 of foda, and
0,49 of water. It is, however, not a perfect neu-
~tral falt (§293) not being quite faturated with
the acid, but having an excefs of alkali. On this
circumftance depend its alkaline properties (§ 6o1),
of which it may be deprived, and completely
neutralized, if to a hot fo_lnt'ion of it more boracic
acid be added. 1. This borat of foda ‘does not
again cryftallize; -but exhibits, on evaporation, a
clammy adhefive mafs. No ufe-is made of it.

& As the fedative falt, ‘or banaeie-cid, has beet, and is
ftill, employed in medzcme, fo is: the ‘common. borax

much ufed in arts, to pro;note fufion omn foldermg
-mctals, and for other - purpofes —Edit. *

T 2% § 6oz,

%
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§ 6o5. |
2. The borat of pot-afk, like common borax,
takes up a furplus of alkali, and may bgcry{’caL
lized in four-fided columns, or paralellepipedons.~—
3. The borat of ammoniac thoots into finall rhom-
boidal cryftals, which are decompofed by fire, and
give up their alkaline part, the ammoniac.

§ 606

4. With calcareous earth the boracic acid affords
a middle falt, infoluble in water, and hence with-
out tafte. This borat of lime, or boracite (com-
bined with the next-mentioned fubftance), has been
found native in the gyplum dug at Luneburg *
~in Lower Saxony, prefenting cubic cryftals, feveral
or all of whofe edges and corners are truncated.
It is fufible in a red-heat. Lime has a {ftronger
attraction for boracic acid, than the alkalis have.

* Of this Luneburg gypfum, or rather dorar of lime, Dr.
Crichton poflefies in his exquifite colleftion of minerals
a very fine fpecimen., Being himfelf very fond of
mineralogy, he gratified his pupils with a fight of
this curiofity in his Chemical Lefure-rooms, (now of
Clifford-fireet). Itcontains magnefia, fome argil and

_ dilex, and the primitive form of its cryftals is donbt-
lefs a cube, imt_ 2 polyhedron of 24 furfaces, as was
by fome imagined. When the corners and edpes are
truncated allcaround, it may receive 24 furfaces,
which make it very beautiful. Thefe cryftals are
fo hard as to cut glafs like a diaffiond, and firike
fire plentifully with ftegl.—Edit,

§ 607.'
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§ 6oy.

5. The borat of magnefia is of very difficult fo-
lution in water; an excefs of acid renders it foluble
with greater eafe. By evaporation this earthy falt
yields cryftalline grains, and is decompofed by lime-
‘water.

7 ~ § 608.

6. Borat of alumine is, contrary to the preced-
ing falt (§ 607 ), very foluble in water, and form-
ing with it a gummy, tenacious mafs, of a very
ftyptic tafte. In fire it melts into a glafs. Lime,
magnefia, and the alkalis, decompofe the aluminous
borat by depriving it of its acid, for which they
have a ftronger attraction.

§ 60g.

5. Neither borat of barytes, nor, 8, borai of
Strontian-earth, have as yet been clofely examined.
‘Bergman conjeCtures that the boracic acid poflefies
lefs affinity with barytes, than with lime.

S8 6Ip,

Silex, or filiceous earth, is not acted upon in the
humidiway, not even in a boiling heat, by boracic
acid. But in the dry way, if urged by fire to the
degree of fufion, it 1s diffolved by that acid, and
flows into a vitreous fubftance ; which may be more
or lefs decompofed by alkdlis, affifted by boiling, in
proportion to the quantity of boracic acid that has
entered into the combmatlon _

g s § 611,



326 Mineral Acids, &c. [Chap. V.,

‘ § 611.

‘The place belonging to boracic acid, in the fuc- -
ceflive affinities of the acids with alkalis and earths,
1s very low.” In that ,refpe& the boracic exceeds
the carbonic acid very little; and is, therefore, in-
ferior to all the other acids, which hitherto have
been the fubjet of our refearches.

§ 612.

Of the mutual decompofitions of the borats,
whether neutral or middle falts, by thofe of which
we have before treated, I will only notice, /#r#, that
of foda (§ 604), or the borax itfelf, by alum, taking_'
place in the folution of both falts together in water,
forming two new compounds, namely, fulphat of
foda, and borat of alumine ; fecondly, that of borax
by fulphat of magnefia, or Epfom falt, from which
fulphat “of foda and borat of magnefia proceed ;
and, thirdly, that of borax by f"al-aﬁamoniac, form-
ing muriat of foda, and borat of ammoniac.

CHAPTER
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'CHAPTER VI

Conflituent Parts of Vegetables,

General Examination of Vegelables.

: - § 613.
TH E organic bodies offer to our view a far greater -

variety, with regard to their compofitions, than un-
organized fubftances, Notwithftanding this, they
confift of but a fmall number of principles (§ 3),
which, merely on account of the different recipro-
cal proportions in which they are combined, generate
thofe ftriking and numerous variations in the nature
and fenfible properties of the various produdts.

§ 614.
1t will be fhewn hereafter, that by the analyfis of
vegetable and animal bodies, as far as it has been
hitherto performed, we+have as yet difcovered no
other radicals than thofe heretofore treated of.—
Carbon, hydrogen, and orygen, arc comtained in
Y 4 all
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all of them; many contain alfo azot and pho/-
g piwrus, and thefe conftitute in moft of thofe bodies
all their ponderable part.—Sulphur, fired alkalis,
lz'nie, and iron, are, indeed, pretty often met with
~in the organic produds of_nature, ‘but not in every
one of them,
§613,

Becaufe the proport.ions of thefe principles to each
other are, from the influence of heat, air, and water,
{o greatly variable, we may, no doubt, eafily tranf-
form into one-another fuch-of their compofitions,
as we chemically feparate from bodies of both the
‘vegetable- and animal’ kingdoms. Yet we cannot
produce them ourfelves by combining their radi-
cals, This can only be done by living organs.

§ 616,

The bodies of plants and animals are not ele-
mical mixtures, but only mechanical combinations -
of other heterogeneous compounds (§ 4); and to
obtain a perfe& knowledge of their nature, it 1s re-
quired that thefe various. mingled parts thould be
firft fingly confidered, and their own compofition
accu.rateiy enquired into.

- §.617.

Thefe mingled parts, whereof vegetable and ani-
mal -matters confift, may be confidered as their
prozimate or immedigte conflituent parts (§ 7).

They



_Chap; VI.] : of Vegelables.  + 329

They are feparated by fimple and almoft mechani-
cal operations, which cannot alter their compo-
fition; and thus prove that thefe compounds have,
before the procefs, pre-exifted-as fuch in thefe bodies:
—Thefe proximate confituent parts have their own
peculiar places affigned in organic bodies; and by
this they charaterize the different organization in
~ the parts, are thus {eparated from-each other, and
fhew, befides, the efficient caufe of the difference in
their nature, It is alfo obvious, that it is not every
organic body that contains all thofe conftituent parts, -
but each has its peculiar ones, -

§ 618

+The bodies of the vegetable kingdom prefent
the following eflential proximate conflituent parts

(§ 617):

1. Mucus. 12. Benzsic asid.
2. Sugar. 13. Gallic acid.
3. Starch. 4. Refin,

4. Gluten. 15. Gum-refin.
5. Albumen. ; 16, Gum-elafic.
6. Zartar. 17. Fat-ail.

7. Tartarcous acid. 18. Ethereal-oil.
8. Salt of forrel. 19. Camphor.

0. Oxalic acid, 20, Acrid matier.
10. Citric acid. 21. Narcotic matter.
11. Malic geid. 22. Fibrous part.
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§ 619.
~ Bat, before we examine each of -thefe principles
in particular, we fhall firft take a gencral furvey
of the habitudes and difpofitions common to all
plants, by analyfing them in the dry ways viz. by
fire.

§ 620,

If plants, frefhly gathered, are expoled to heat
not reaching the point of boeiling water, they are
by this freed from moifture, or dried —They give
out, by this procefs, their effential water, which,
undoubtedly, made before one of their conftituent .

< parts; but they may alfo, at this temperature, be
deprived of fore other eflential principles; as for
inftance, the etherial oil, the acrid and narcotic
radical; and on that account they undergo {ome
important changes refpeCtmor their powers and pro-
pertics. :
§ 621.

In heat, above the boiling point, vegetable fub-
flances fuffer an alteration by far more, remarkable.
They are torrefied, or roafied ; their mixture is
confpicuoufly altered, and their radicals combine by
the influx of caloric in different proportions, form-
mg thus new produéis; as may be at once con-
cluded from the patticular {mell and tafte, called
‘empyreumatic (empyreuma), which they receive
by the roafting, and of whlch they thewed no fign
before.

§ 622,
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§ 622,

. Atafull greater heat, with proper accefs of air,

atl vegetable matters are at laft ignited, and dura
with a_flame; leaving, after thorough incineration,
a refidtum that refifts the fire, or is fixed, and al-
ways amounts to but a {mall quanhty, in propor-
tion to their whole mafs.

§ 623,

The Joot (fulige) depofited from the flame of
bummg vegetables, 1s carbon, which, for want of
~a complete ingrefs of air into the inner part of the
- flame, could not be confumed; and is partly car-
ried off mechanically along with the fmoke, partly
precipitated from the laft. Other heterogeneous
* particles may, however, more or lefs, adhere to it,
by _ which, confequently, its nature may be va-

mable
The Autrering and the glyffy concrete foot of chimneys,
where wood is burnt, the foor of oi/, and that of pine-
awgody OF lamp-black, belong- to this {ubjed. The
“former kind is ufed by the name of 4ifr as a brown

water-colour; the lamp-black is alfo employed-in oil
and crayon—painting.—Ed.

§ 624. :

All fuch parts as by roafting, or combuftion of
'uegetable bodies, are diffipated, may be colle&ed,
and hence farther analyfed. With this view the
vegetables muft be expofed to a heat of fufficient
~ intenfity,
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intenfity, viz. of ignition, in a retort joined with
.- « the requifite. apparatus. :

: § 6235. _

For inftance: take fhavings of beech-wood, in-
tro&uce them into a coated earthen retort, fo as te
fill ‘twe-thirds of its capacity; lute to its neck a.
crooked glafs-pipe, together with one or more inter-
mediate bottles; taking care that all the joinings
be air-tight; and diret the laft conveying-tube
(§ 128) beneath the funnel of the pneumatic-
trough filled with hot water, or quickfilver. This
done, begin with a gentle heat, mcreafing it gra-
dually till the retort be ted hot. At firft the at-
mofpherical air of the apparatus efcapes; it is
fucceeded by peculiar kinds of gafes and fumes‘
of which the firft rife in the recipient placed on
the fhelf, at the fame time that the laft condenfe
mn the middle bottles by cooling.

§ 626.

An extraordinary great quantity of gas is ob-
tained by this procels.- Great part of it is car-
bonic acid gas, that may ‘be feparated by lime-
water, by eream of lime (quick-lime diffufed in
water to the confifience of cream), or by a folu-~
tion of ~cauffic alkali—The remaining gas is in-
flammable, of a difagrecable empyreumatic {mell,
and poflefling properties belonging to hydrogen gas;
byt diftinguithed from pure hydrogen gas by a

greater
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greater fpecific gravity, by burning with a fteadier
flame, and by the particular 'ci"rcum{’_cance, that on
being mixed and burnt with oxygen gas, it not
only yields water, but alfo carbonic acid; and this
laft, even after it had been moft carcfully freed from
all admixture of carbonic. acid gas.—Tt conflitutes,
therefore, a particular fpecws of "gas, called car-
bonated hydrogen gas *

* Or, beazy z;gﬂammafvlc ait's

§ 627,

Confequently the phenomena prefented by this
gas evince, that hydrogen and carbon had made up
its bafis; and of courfe; alfo, that both thefz prin-
ciples muft have been conftituent parts of the waod
from which this gas was obtained.

- The carbonic acid gas, which at the fame time
is generated, proves that, befides carbon, the wood
likewife had pofiefled a fhare of oxyge'n.-r—How-
ever, the carbonic acid was not pre-exiftent in-the
wood ready, formed; but its radicals, before the
operation, were combined in other proportions, and
with other conftituent ‘parts, forming compounds of

a

a different kind. - Only, when the intenﬁ'ty of heat

has reached a certain degree, a part of the carbon
unites with part of the oxygen to produce carbonic
acid; and forms, by combining with caloric, the
* carbonic acid gas; while, at the fame time, a part
) of

-
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of _tﬁe‘ hydrogen of the wood combines with fome
portion of carbon and caloric, and efcapes in the
form of carbonated hydrogen gas. 2

It is this inflammable gas which, on appl'ying.
heat to wood in open air, forms the flame (§ 2ry)
attending its combuftion:

§ 628.

All plants, all their parts, and all their immediaté
principles or component parts, when fubje&ted to
dry diftillation, afford carbonated hydrogen—and
carbonic acid gas. :

§ 629.

All other volatile parts that are expelled from:
wood by dry diftillation (§ 625} are condenfed into
Iiquids by refrigeration in the middle bottles. They
conftitute partly an aqueous fluid, of a yellow-red
colour, of an empyreumatic odour, and manifeftly
JSour; which was formerly called a fpiritus; partly
they form an o7/, of a ftrong enipyreumatic {mell,
and a fharp tafte.. This oil floats on the aqueous
four fluid, and at firft comes over thinner and
clearer ; but; towards the end, in an increafed heat;
it is of a darker colour, thicker confiftence, more
tenaceous and pitchy. Both the fluids are feparable
from each other by wetted filtering-paper.

§ 630
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The four fluid, obtained from wood, may be
depurated from the adhering oleaginous particles
by reQification (§ 115), on a fand-bath, from a
glafs-retort with a receiver, It may alfo be de-
prived of its fuperfluous water, and be thus con«
centrated, by other means to be mentioned here-
after, when treating of the acetic acig.—This fluid
has been received in chemiftry as a diftiné. acid,
with the name of pyro-ligneous acid; but, if pro-
perly purified, it is not different from acetic ucid.
Its bafis is a compound of carbon and hydrogen;
it did- not exift in wood in the ftate of an acid;
but its conflituent parts were, before the procefs,
combined in other proportions; and even its aque-
ous part is the mere product of fire, being gene-
rated from the hydrogen and oxygen of the wood,

§ 631.

The empyreumatic il procured by the dry dif-
~ tillation of wood (§ 629) may be rendered thifner
by reCufication, as alfo of a clearer colour, and
more. volatile; and it leaves a coaly part behind.
This oil is; like the acid, a product, not an edud
(§ 10); and did not pre‘exift in wood, If it be .
burat in oxygen gas, water and carbonic acid are
formed; and the ~radicals of this oil are hydrogen,
carbon, and fome oxygen.—The quantity of car-
bon contained in  the fucceflive portions of this

2 ' ol
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oil is the greater the later they come over into the
teceiver; and alfo in proportion to the intenfity of
the heat applied.

§ 632. |
This is the place to fpeak of the preparation or
eliquation of tar (piz liguida, cedria), performed
by a kind of diftillation per defcenfum (§ 124).
Logs or roots of pine and Scotch fir, abounding in
refin, are heated in the ter-furnaces; whereby the
refin is_partly melted, and colle®ted by a channel |
contrived in the lower part of the furnace. But the
refin undergoes alfo a partial decompofition; for
which reafon the wood not only gives firft an at-
_ tenuated clear refin, but fomewhat later an acidu-
lous- water (acid phlegm, or tar-gall) ; and, finally,
an empyreumatic pitchy oil, which is the far, and
is of a darker hue; and when infpiffated upon fire
becames bluck pitch. :

: §633-

Some plants, when diftilled by themfelves in the .
dry ftate, afford no acid fluid; but they rather yield
carbonat of ammoniac, partly in’the concrete, partly
~in the fluid ftate; which, after being cleaned from
.the particles of empyreumatic oil, .are quite of the
{fame nature with any other kind of carbonated am-
moniac. . Such plants are mu/ftard-feed, onions, gar-
lic, tobacco, atropa belladonna, or deadly night-
fhade, and the fungi. But even the four liquor

afforded
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aﬂ"orded by moft other plants contains ammoniac,
as is evinced by the addition of fixed alkali. The
foot of wood likewife ylelds ammoniac by dlﬁtl-
latlon

‘ § 634.

This ammoniac could not pre- -exift ready formed
~in thefe plants, nor can it in any way be difcovered
in them. It is likewile only in the courfe of the
" - operation, in a ftronger heat, that the combination

of its principles takes place (§ 291); which proves,
-that azot is likewife an ingredient in the compofition
of plants, and in their proximate conftituent parts.

§ 635

The refiduum, after the diftillation of wood
(§ 625), is charcoal, a black, folid, friable, in-
fufible matter, totally infoluble in water, without
tafte or fmell, and flill exhibiting the fibrous ftruc-
ture of the wood, from which it proceeded.—It is
nothing elfe than that portion of carbon contained
in wood, which did not meet with a fufficient quan-
tity of oxygen to fly off with it in the form of
carbonic acid, nor a f{ufficient partion of hydrogen
~ to form with it carbonated hydrogen gas (§ 626); -
nor both together to generate, by combining with
them, either empyreumatic acid, or empyreumatic
oil.—It would be pure carbon, if there did not re-
main fome other extraneous, fixed, faline, and earthy
particles, that were contained in the wood, moft in-
timately mingled with it.

VOL. I. ) z : § 636.
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§ 636.

Of this coal, or carbon, as a fmple and com-
bufiible  fubfiance, T have already fpoken above
(§ 224, feq.); and likewife ftated its ha.bltudes with
ether {ubftances examined before.

§637

There 13 a confiderable difference between diffe-
rent kinds. of charcoal as to their texture, denfity,
and capacity for burning, which arifes partly from
the nature and mixture of the bodies from which
they are obtained, and alfo partly from the freer or
more impeded accefs of air, that was allowed on
their combuﬁlon —Thefe variations are the glound ;
of the various applicability of coals for mechanical
-aad economical purpofes.

Thus China ixk may be imitated by working up the coal
of the kernels of peaches and apricots with parchment-
fize or ifing-glafs.—The Franckfort black, ufed in
printing and painting, is the coal of the vine, and
RIOTE ﬁ-equer}rly of the ftalks and hufks of grapes, and
wine-lees.—The coal from the branches of the lime
and hazel-trees is employed by artifts to fketch theix

drawin gs—Ed.

§ 638, i
The upplicatio‘n of charcoal, as difcovered by
Lowilz, to the purifying of faline lyes from colouring
mat{er, (whether mucilaginous, empyreumatic, oily,
refinous, gelatinous, &e.) refts on the porofity * of
their firuture, by which thofe parts are mecham-\

cally retained.
* By
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* By Lowitz, and other= this faculty has been wrongly
afcribed to a fuppofed dcphloguhcahng preperty of
charcoal.—Edit.

e § 639.

- The preparation of charcoal, or the charring of
coals, is a kind of dry diftillation of wood. The
defign of this proce(s is to feparate from it, without
converting the wood into afhes, thofe parts' which,
~ on combuftion in open air, form the {moke, foot,

‘and flame. Hence the chief management confifls
in admitting no more air to the lighted wood to be
charred, than what is requifite to ignite it, and to
keep it in a fmothering heat without being fufficient
to effect a thorough combuftion and incineration.

In the large way it is done in piles #pright, or borizental,
by covering the pile with turf, mofs, and earth, and
leaving at the bottom a hele to light it up. See,
among others, L’drt du Charbonnicr par de Hamel du
Moncean, fol. Paris, 1761.—Charcoal, to be good,
ought to be heavy, folid, and fonorous, neither to
imoke nor crackle in the fire. The beft woods afford
the beft coal.—Edit.

~ § 640.

If, on the combuftion of wood, and of every
other vegetable body, the frec accefs of air be no
ways checked, then that portion of radical carbon
which in dry diftillation remains behind, is, by tak-
ing up oxygen from the atmofphere, converted into
carbonic acid, efcaping in’the aerial form; and there
15 nothing left but mere ajfkes (cinis); a greyifh

: - 2.2 powder



340 Conflituent Parts (Chap. V1.

powder unfit for maiﬁtaining the fire; and contain-
ing, yet without cohefion, the fixed parts of the
vegetable. :

§ 641. ;

1t thofe afhes of plants be lixiviated, or drenched
with water, the lye will exhibit all the chara&eriftic
marks of the fixed alkali, which remains after the
evaporation of the fluid—Moft of the plants thus-
treated  give the vegetable alkali, which from them
has received its name. But vegetables do not all
afford it in equal quantity, and in the fame purity;
they, befides, give lefs in proportion as they have
mouldered or paffed into the putrefcent ftate be-
fore incineration.—All the alkali, which by lixivi-
ation can be procured from the athes of plants, is
impregnated, though not faturated, with carbonic
acid. There may likewife, over and above the em-
pyreumatic oleaginous particles, which give it a
brownith or yellowifh caft, be mingled with it other
extraneous falts, or earthy matters (as fulphat and
muriat of pot-afl; or filiceous and aluminous earth).
This, indeed, is ufually the cafe.

§ 642. :

In order to deftroy the empyreumatic oily parts
contained in this falt, calcination is the beft means;
and to effect a complete feparation of other mat-
ters (§ 641) nothing will be effetual but faturating
it with carbonic acid (§ 155), and eryfiallizing.

§ 643.
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§ 043. ,
Pot-afe (eineres clavellati) (§ 357) s the vege-
table alkali procured from the afhes of plants,
efpecially of the hard fpecies of wood, by lixi-
viation, and fubfequent evaporation of the lye.

It is not'a pure vegetable alkali, but fuppefed
to be in part ouly combined with carbonic acid,
and hence deliquefcent; for it always contains a
confiderable portion of fulphated vegetable alkali.
While calcining, fand is now and then fraudulently
added, which fufes with it, and becomes thereby
~ foluble in water. Such filiccous pot-afh may be
very fharp to the tafte; but a clear folution of it
in a fmall quantity of water will, on the addition
of any acid, give a precipitate like that of the
liquor of flints (§ 312), and thus difcover the
fraud.—Sometimes the athes from the hearths and
floves, where wood is the fuel, are employed to
procure pot-afh.

A purer vegetable alkali is obtained from the
afthes of calcined wine-lees (cendres gravelées); and
a ftill purer one from tartar, which from its ori-
gin is called falt of tartar (fal tartari) *,

* This vegetable alkali, however pure, ought not to be
confounded with the cauftic vegetable alkali, deprived

even of the carbonic acid, which in the new nomen-
clature is termed fimply por-afb (§ 283). —Edit.

z3 § 644.-
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§ 644. |

Every {pecies of vegetable alkali, if duly puri-~

fied from whatever plant it might have been ob-

tained, is of the very fame nature without ex-

ception.. For this reafon the falts' of particular

plants (falia herbarum ), as for example, the fult
of wormwood (fal abfynthii), have no preferende.

Of the Tackenic falts.

§ 645.

The afhes which are obtained by the com-
buftion of plants growing on fheres moiftened by
fea-water, yield mineral alkali by lixiviation. The
term Jodq is frequently ¢mployed to denote fuch
kind of athes (§ 361).—Soda, taken in this fenfe,
is brought to Germany in mafes as hard as ftone,
full of holes or large pores, of a blackith or grey-
blue colour, intermingled with white grains, and
covered with a whitith cruft.

It is prepared in fouthern Europe, particularly
on the coafts of Spain and France, from feveral
plants, partly cultivated, partly growing {ponta-
neoufly on the f{ea-fhore; and chiefly from the {pe-
cies, falfola and falicornia. ‘Thofe plants arc
dried, and then burnt in pits dug for that pur-
pofe. In thefe the hot embers are continually
accumulated, ftirring them often, as the quan-
tity increafes. At lengrh they begin to melt,

upon



Chap. VL] of Vegetdbles. 843

upon which they are fuffered to cool. - Laftly,
when cold, they are broken into lumps, and taken
out.—The better fort' of foda is the Joude de
barille, from Alicante in'Spain. ~An inferior kind
is the foude de warech in Britanny, which is pro-
“cured by the burning of fea-grafles and of fea-
fang; both analogous to the Lelp of S'CQ.gflarid‘.,'_.l

§ 646. ;
The mineral alkali contained 1n the foda (§ 645)
may be feparated from earthy and other adhering
parts by boiling and lixiviating thofe athes; and,
becaufe it is carbonated, it admits of being cryf-
tallized. This falt of Joda (fal ﬁ;dac Rocheltae)
is, therefore, a carbonat of mineral alkali.—There
are, befides, fome other extrancous {alts, as Glau-
ber’s falt, and common falt, contained in the foda.

The reader will again recolle@, that in the new nemea-
clature (adopted in this tranflation) by fods, withont
addition, it is not the above-mentioned afhes of
{fea-plants, bur the mineral alkali itfelf, in its pureft
2nd cauftic flate, that is meant (4§ 285).—Edit.

§ 647.

According to Vauguelin’s lateft analytical re-
fearches, the mineral alkali exifts in the foda plant
ready formed by nature, and alfo a portion of fea-
falt. Macquer and Poulletier de la Salle have found
i it fulphat of foda

zZ4 § 648.
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: § 648. :

Since the fulphat of pot-afh, fo frequently met
with in the athes of fome fpecies of wood (§ 643),
cannot be feparated from thefe woods before their
mcmeratlon, and con['equently did not pre-exift in
them before combuftion, it is, in my opinion, very
probahlc that the fulphuric acid is 2 product (§ 10},
il thefe afhes, and that fulplur is one of the confti-
tuent parts. of wood, which in its combuftion com-
bines with oxygen, and is thus transforrned ‘Into
fulphuric acid, which umtmg with the alkali forms
its {ulphat. :

' § 649.

Yet it becomes now more and more probable,
that the fixed alkalis are not ﬁmple fubftances ;
but, on the contrary, a produé of vegetation. We
are fo much the more efltitled to doubt of the
fimplicity of their nature, as they are no longer to
be found in the refidue of plants, that have under-
gone complcte putrefa(‘llon

§ 650.

The earthy parts, left after the complete lixivi-
ation of fuch athes, are of a véry {mall amount with
refpect to the whole weight of the plant. Their
nature is different according to the different nature
of the foll, whereupon the plant grew, Yet lhe;
are as little an effential ingredient in the compoﬁtmn
of the plant as the iron, that is found in thofe athes.
; They
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They are certainly rather accidental.—To believe
that the earthy parts are the chief alimentary matter

_ of plants, was patdonable in thofe times only, when
‘earth ‘was thought to be the only principle -of fo<
lidity. i

The late Dr. Jngenboufs has added to his ingenious refearches
on plants an excellent Effay on the fiod of plants, and rc-
aovation of fuils, 4to. inferted in the papers of the Lon-
don Board of Agriculture, 1796. That treatife is a
valuable fpecimen of applied Chemiftry and comparative
Phyfiolsgy. 'The Do&or intended to prove again that
plants chiefly live by refpirable air, and cannot live
without it; that they decompofe that air, keeping to
themfelves the carbon and azot, and giving out the

" oxygen combined with caloric as oxygen gas; which
they do, efpecially about noon in funfhine, and as pure
as oxygen gas obtained from the oxyd of manganefe.
But at night they digeft more of carbon, and give
out chiefly carbonic acid gas. Hence the unwhole-
fomenels of nightly air in large thick plantations,
where there is no current of air: and though, in
fome manner, plants feed upon azot, yet they live
'mqre apon carbon.—Dr. I»genbmfﬁi endeavoured, be-
fides, to thew, 1. againft Mr. Ha/nfratz, that it is
not fo much cardon as carbonic acid which conftitutes
the aliment of plants, and whofe fuperabundant por-
tion they emit in_the night; and, z. that the Izaw:,
and not the roots; are the principal drgans by which
plants imbibe the matters, requifite to the digeftion of
their food.~Edit.

; § 651. _
Since the plants, according to what has been faid
beforg, (§ 616), are compoftd of heterogeneous mat-
: ters
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: lly united, it is neceﬂ'a;y to confidet
fmgiy esrgryenc of their mingled conflituent princi-
ples, with which expericnce has made us acquainted,
and by which the fluid and {olid pa.rts are formed,
# we wifh to obtain a complete chemical knowledge
of vegetable fubftances. A lift, together with the
pames sof theﬁ: Pnnc:ples, has already been given

(s 618)

Ejentml Salts qf Plants.

§.652.

We call thofe falts qﬂ'ennal Jalts of plants whlcn
exclufively belong to the vegetable kingdom, have
as fuch pre-exifted in the plants, and may be ex-
tracted from them by operat:ons that do not forcibly
alter thezr mixture.

§ 653

Thefe may be divided into four and fiveet faits.
Of the laft kind there is only one, fugar (faccha-
rum); but of the firft there exift feveral fpecics.’
Some are pure ﬁfgﬁtablé acids, of which we know
at prefent fir effentially different: the tartareous,
oxalic, citric, malc, Be_zzzo:‘é; and gallic—Others
are a compound of pot-alh or vegetable alkali, with
an excels of acid . facidula plmztarum, acidules in
French). Tar!a: and falt of woorl ﬁ;rrcl belong to .
this fpecww

§ 654
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§ 654. s
All thefe'vegetable acids have a compound bafis,
The component parts of every one are carbon and *
hydrogen. The variety in their habitudes and pro-
perties is caufed merely by the different propertion
of thefe prlnc;ples to each other, and to tﬁygen
in each particular acid.—There is none.of them
- which we cannot decompofe yet we cannot com-
pound-any one. - 4

TLartar. Tartareous Acid.

§ 655 ,

In cafks wherein wine made ‘of grape-juice fer-
ments, efpecially of the acerb and four kind, a folid
matter is depofited all around their fides, incrufting
them with coherent cryftals, either red or whitifh-
grey, according as the wine which depofited them
was red or white.—This fubftance is called crude

tariar.
§ 656. :

This crude tartar is to be looked upon as an im-
pure acid, and effential falt .of the juice of vine-
grapes, which is not originally produced by fermen-
tation, but only feparated; and. is, exclufively of
watery. likewife contained in the juices' of -various
other fruits. It has a fourdh talle, and all the dif-

tinguithing
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tmgm{hmg marks of an ac1d falt; but is of difficult
{olution in water.

: ~§ 657 ;

Tt may, by repeated folution, filtration, and cryf-
fallization, be freed from the feculent and colour-
ing parts which defile it. As procured in com-
merce it i already punﬁed and this purification,
in large quantities, is chiefly done at Montpellier in
France, and at Penice. Such depurated tartar is
fold by the name of cryfals of tartar; and when
the cryftals are {mall, and as 1t were in a pulverulent
ftate, they are called cream of tartar,

§ 658.

The cryftals of purified tartar have no regular
form. To be diffolved by water they require, ac-
cording to Spielmann, at 50°-Farenh, 160 parts of
cold, but only 28 of boiling water. They are per- :
manent in the air. :

§ 659.

Tartar 1s, like all the proximate component parts:
of plants, a combuftible matter. When thrown
upon burning coals, it difengages an acidulous fmoke
of an empyreumatic fmell; and, when thoroughly

incinerated, it leaves the vegetable alkali (pot-afh)
behind. ;

“Tartar is alfo made ufe of for obtaining a very
pure vegetable alkali, that has received the name of

Jalt
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falt of tartar (§ 643). For this purpofe crude
tartar is wrapt up in cornets of paper, which are
twined round with pack-thread, and fomewhat

moiftened.  After this the parcels are put in -
wind-furnace, in alternate layers with charcoal, and

ignited throughout without difturbing them. Thefe

paper-cafes, with their contents, are, after cooling,

pounded and lixiviated with boiling water ; which

being done, the firained or better filtrated lixivium

is evaporated to drynefs in iron pans. The pot-

afh hereby obtained 1s only in part carbonated.

§ 66o0.

From this it 1s plain, that farfar is not a pure
vegetable acid, but the vegetable alkali over-fatur-
ated with its acid (§ 653). For this reafon it has
in the new nomenclature been called acidulous tar-
trite of pot ajh.

§ 661.

The acid of tartar is deftructible by fire. If
tartar be fubjected alone to dry diftillation, a great
quantity of carbonated hydrogen gas (§ 626) and
of carbonic acid gas (§ 226 ), is extricated ; and,
befides thefe, an acid fluid (Jpirit of tartar), and
an empvreumatic oil (oleum tartari fetidum), is
obtained. The remaining coal fhews, even before
incineration, its alkaline nature.
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3 § 662.

It would be erroneous to imagine the acid
fluid, obtained by this procefs, to be the tartareous
acid in"the f{ame ftate, in which it was before
contained in the tartar. It was merely gene-
rated by the alteration, which the fire cayfed
in the proportion of its principles to each other.—
Befides, if duly purified, it does not prefent it-
felf in the charatter of a diftin& acid, belonging
to the vegetable kingdom'; notwithftanding that
it has ‘been diftinguithed by the name of pyro-
tartareous acid. Tts relations to other bodies are
the fame as thofe of acetic acid—The empy--
reumatic oil of tartar is ‘alfo, like all other oils
of this kind (§ 631), a new product. :

, § 663.

Like other inflammable bodies, tartar detonates -
with ignited nitrat of pot-ath.—Equal quantities
of powdered nitre and crude tartar, mingled, and
put into a red hot crucible, yield pot-ath after
detonation. This pot-ath owes its exiftence to
both bodies employed ; has by former chemifts
been called white fluw; and differs in no manner
from any other good, and but partially carbo-
nated vegetable alkali.—If to one part of nitrat
of pot-ath, three parts of crude tartar be added,
a portion of the coal afforded by the later, re-
mains united with the alkali, giving it a black
: colour,
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colour, and both togethcr conftitute the black
Jue. ; o
: The name flux is given to this combination ; . becaufe it

‘is added to premote the fafion of carths and metals,—
Edit..

s 664~ ,

The fuperabundant acid of punﬁed tartar may
be fully faturated with pot-ath. in the humid
way; if to a hot folution of vegetable alkali as
much of pulverized tartar be added, as is necef-
fary, fo that peither the acid por the alkali pre-
dominates. -

By this combination 3 neutral falt, the fartrite
of pot-aft is obtaned, which, in the fhops, is
barbaroufly termed farfarizéd tartar (tartarus
tartorizatus)¥. This falt -may be  cryftallized ;
but for common ufe, the lye, thus combined, is
totally evaporated to drynefs. It is much more
foluble in water than cryftals or cream of tar-
tar (§ 657), requiring at 50° Farenh. only 2,264
parts, and at the temperature of boiling, {carcely
equal parts of water to be diffolved. By fire this
neutral falt isdecompofed. It burns firft to a
fpongy coal; but when calcined to whitnefs, it
leaves the pot-ath behind.

= Alfo called ful wegetabilz ; and moft improperly rartarus
felubilis, becaufe this appellation likewife fuits the
combination of tartar with other alkalis,.—Edit.

¢ § 66_:.
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§ 665.

Purified tartar, faturated with foda, forms gz
triple falt, called in the fhops feignette-falt* (ful
,polychrefium de Seignette, fal Rupellenfe or Ro-
chelle); which fhoots into well-fhaped cryftals,
whofe figure 1s very variable. This falt is en-
tirely, and with eafe, foluble in water. Its cryf-
tals are permanent. A calcining heat deftroys it.

* This combination has in the London Pharmacopceia
obtained the name of natron tartarizatum. Tt is ufed
as an addition to cathartics of the refinous kind, &c.
—Edit.

§ 666.

With ammoniac the purified tartar affords like-
wife a triple falt, which has been called foluble
tartar; allo tartareous fal-ammoniac (tartu-
rus folubilis, ammoniacalis). It forms cryftals
of four-fided columns with terminations ob-
liquely truncated, and in oppofite direGtions. It
eafly diffolves in water. Fixed alkalis decom-
pole it in the humid way; and by fire it is
hikewife defiroyed in fuch a manner, that merely
the pot-ath of the tartar is left.

§ 667.

If pur;ﬁed tartar and qulck -lime bc boiled to-
gether in water, the refult is a cauftic lye of
pot-afh. All the acid of the tartar combines
with the calcareous earth, and produces ‘with it

the .
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the faririte of lime, which is almoft infoluble in
water. If, inftead of burnt lime, crude caleareous
earth, viz. carbonat of lime, be boiled with tartar
_and water, the whole of the tartareous acid is
not feparatcd from the alkali; but only its pre-.
dommatlno and redundant part unites with the
chalk. *The lixiviom yields tartrite of p0t~a[h
(§ 664), and fome tartrite of lime.

§ 668.

Sulphuric acid has a ftronger affinity with cal-
careous earth than the acid of tartar; this laft,
therefore, may be feparated from the tartrite of .
lime, by the fulphuric acid in the humid way.
~This has induced chemifts to attempt the pro-
ducing of tartareous acid itfelf in a flate of purity.

This vegetable acid has alfo been called gfeutial falt of

tartar.

§ 669.

To prepare this acid, 1o parts of pulverized
and purified acidulous tartrite of pot-afh (§ 660)
ate boiled with a fufficient quantity of water in
a pewter veflel. Dry, finely powdered, and elu-
triated chalk is then put in by fmall quantities
at a time, until no more effervelcence enfues.
Tartrite of lime or tartareous feélenite will pre-
cipitate ; and the lye ftanding upon the fediment is -
tartrite of pot-ath, This lixivium muft be de-

VOL.#L, A 2 canted,
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canted, and may be cryftallized after ﬁltratmn,
or fimply evaporated (§ 664)

- The earthy falt, whxch formed - the precipitate, °
is firlt carefully lixiviated with water, and put
info a matrafs. Thirty parts of diluted fulphuric
acid, made by mixing 3 parts of ‘the concen-
trated acid with 27 of water, are then poured
upon it. The whole is left in digeftion’ for at
leaft 12 hours, with a gentle heat. After which
the clear liquid is decanted, and the refiduum,
which, by the union of the fulphuric: acid
with lime, forms gypfum (§ 407)s 15, prefled and
wafbed with eold water, to get out the adhering
acid, which is added to the clear liquor of the
i precedmg decantation, and is the tartareous acid.
It is next filtered, and gently evaporated in flat
porcelain or glafs veflels ; during which operation it
depofites gypfum, which, from time to time, muft
be fepara,ted}, ‘

The evaporation is to be carried on to the con-
fiftence of a thin fyrup. And when the clear
tartareous acid is then left to a continued, flow,
and 1mpcrcept1ble evaporation, it cryftallizes.

Chemiftry is indebted to Scimle for this method. To
be affured that no vitriclic acid is contained in the
liquor,-a folution of fugar of lead is added to 2
fmall portion of it. The white precipitate, formed
by this, will be diffolved on the addition of nitric

- acid, if it be merely tariaritc of lead, and there -

be
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be no fulphat of Nl oo by the vitriolic acid.—
The tranflator cannot recommend Schiller’s method
in the Chemical® Annals of Crell, 1787, which con-
 fifts in fimply beiling 1 {5 of cream of tartar, with
6.5 of water, and adding £ f5 of concentrated ful-
- pharic acid. - It feems more fimple indeed, and is
A apparewt[y true in theory ; yet the tranflator has, on
2 feveral* attempts, as little fucceeded “as others. In-
ftead of vitriolated tartar; and tartareous acid, there is
always only fimple tartar produced though fomewhat
fulphated -—Ed1t

| § 670

Thls effential falt of tarear foriis tabular, and '
fometimes fpear-fhaped cryftals, bundled together
in glandular groups. Their tafte is exceedingly
four; they are not altered by the air; but they
are eafily difielved in water, and not vola.nhzed by
bmhng heat.

§ 671.

Tartarcous acid is deftroyed by fire, and con--
fumed. By dry diftillation it gives the fame fro-
dults as tartar: namely, carbonated hydrogen gas,
carbonic acid gas, a four phlegm which is. ana-
logous to acetic acid, and an empyreumatic oil.
There remains fome coal in the refort. .

§ 672.
Hence the ‘radicaL df tartareous acid confifts
of hydrogen and E:afbcn Both together, united
with a certain portmn of oxygen; form this acid;

which on account of its peculiar properties is to be
; Aaz2 con-
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confidered as a diftin& acid. Tt is doubtle(s ca-
pable of receiving a greater fhare of oxygen, and
of different proportions, in ‘the component parts
of its bafis.—But it is.then no longer tartareous
‘acid; but is converted into another {pecies. of
. vegetable acid, as is proved cven by dry dlf‘ul-
1a.t10n K§ 671). s :
§ 673. _

Tartareous acid boiled with the fulphuric, is,
for the moft part,” converted - into acétic acid.
The fulphuric i1s changed into fulphureous acid

by this procefs; and carbonic acid gas is gene-
rated at the fame time.

§ 674.
Concentrated nitric acid is likewife decompofed

in heat by the acid of tartar; nitrous gas, acetic
-and carbonic acids are then produced.

§ 675.

. 1f tartareous ac1d be’ completely faturated
mth pot-afh, ‘the fame neutral falt is obtained,
as by combining tartar with pot-afh, wiz. far-
trite of pot-afh, or the officinal fartarus tarta-
rizatus (§ 664). If lefs of the vegetable alkali
be added to tartareous acid diffolved in water,
it produces tartar, called regenerated - tartar,
which in confequence of ‘its difficult folution -
precipitates, and this proves, that the tartarcous

' acid
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acid pre-exifted as fuch in the tartar. Tartrite
- of pot-ath may be again converted into tartar, by
adding tartareous acid to a folution of the former.

e % =

No ufe 15 made of the combinations of pure
tartareous acid with other alkalis, and alkaline
earths. Such are, 2. Tartrite of foda. 3. Tar-
trite of ammoniac. 4. Tartrite of lime; the ufe
of which laft in the preparation of tartareous acid
has been mentioned before (§ 668); and befides,
the tartrites 5. of magnefia, 6. of alumine, 7.
of barytes, and 8. of Stromtian-earth.

, § 677.

The fucceffive feries of affinities of alkalis and
earths with tartareous acid, is as follows: lime, to
which it has the ftrongeft affinity, then barytes,
magnefia, pot-ath, foda, ammoniac, and laftly,
alumine. - e

’ § 678. -

The lixivium remaining. from the decompofi- .
tion of tartar, or of the tartareous neutral-
falts by quick-lime, has the particular property of
continuing - clear and bright, while cold; but
growing milky on being heated, whether ia open
or clofed veflels. It alfo acquires this turbidnefs -
by being largely diluted Vw'ith‘water; 'and be-
comes clear and pellucid by cooling.

Aag § 679.



W1t11 rcga.s& o aTkaIﬁ and carths,
thc tartareous acid is. by.m ﬁﬁf" uperior to the car-
bonic; but is greatly exccédcd by the fulphuric.
Of the mutual decgmpoﬁttous of the {ulphats

and tartntes, we only - take notice, in this ‘place,
of the tartrite of pot-ath  decompofed by ful-
phat of foda, - In order to make the experi-
ment, let fix parts of purified tartar be faturated
w;th vegetable alkah, and add to the folution
of the tartrite of pot- aﬂ), thus formed, five parts
of fulphat of foda: It will be found, that after
evaporation, fome fulphat of pot-afh firft cryf-
tallizes, and afterwards feignette-falt (§ 663).

, é 680, -

The nitric, mundé'zc, and ﬁzm; ic acids precede
the tartareous in% their affinities with alkalis and
earths: the caicareous earth ~ excepted, whofe at-
tration for the tartareous 1s greater than for the
other acids Juﬂ: mentioned” The boracic acid
has a weaker aﬁimty with all alkalis and earths,

. than the tartareous

Of the ﬁ]:ablc crean gf tartar (' Cremor tartari ﬁlaédn )

§ 68r.

The OTeat tendency of ta.rtareous acid to unite
with a certain definite portlon of - vegetablc alkali,
and
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and to form by this =¢qm§5iﬁatibn- tartar of fo -
difficalt folubility (§ 658); produces a feeming
‘exception from the  general Jaws of affinities.
Ei«’eq fuch acids, the acetic for inflance, as are*
not fo ftrongly attracted by pot-ath as the tar-
tarcous, decompofe the neutral tartrite of pot-ath,
“and feparate from it—not the tartareous”acid,
but tartar—And thus alfo, whenever tartareous
acid 1s added to the folution of any neutral falt,”
whofe bafis is pot-a/h, as muriat of pot-afh
(§ 539), tartar is again generated. :

Salt of II’ood-Son'e?;fOJ‘alic Acid.

§ 682. -

If the frefh leaves of wood-forrel (oxalis acelofella,
oral. corniculata) or of garden-forrel (rumezx
acetofu) be bruifed  or pounded in a wooden.
mortar; if their juice be then expreffed, and
after purification by reft and filtration, it be fur-
ther clarified by boiling with the white of eggs;
and laftly, evaporated, and left in glafs bowls for
{pontaneous imperceptible exhalation, the eflen- |
tial falt of thefe plants will fhoot into ctyftals round
the fides~of the veflel. This is what 1s called falt
of wood-forrel (fal acetofelle). Its eryftals re-
quire a repeated folution in water, filtration,
evaporation, and cryftallization, to render them
white and pure. This falt is chicfly and in

T ‘A3 4 large
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large quantities prepared in the Schwarzwald -
(Black-Foreft in Germany)..

It is obvious that this falt cannot be prepared with any
profpect of profit, unlels in fuch territories where
there is an abundance of the plant, and at the {ame
time plenty and cheapnefs of fuel : when it is con-
fidered, that according to Hermbjade, from 5o pounds
of the frefh plant, 25 pounds of juice, and from thefe
hardly more than 2 ousces of falt are obtained.—Edit.

‘ § 683.

The cryflals of the falt of forrel are minute,
of an undetermined figure, permanent in the air,
and with difficulty diffolved by cold water.. Of
boiling water they 'réquirc 6 parts for folution,
The acid contained in this falt is much Pcronger
than that which is obtained from tartar. It is
not volatilized by the heat of boiling water,

§ 684.

Salt of forrel is as little a pure vegetable acid
as tartar. It is, on the contrary, the vegetable
alkali over -charged with a peculiar ‘acid belong-
ing to this falt. Expoled to fire, it melts after
fome- decrepitations gives out a very pungent
four vapour, and leaves pot-ath behind. When
fubjeted to diy diftillation, it emits carbonated
hydrogen and carbonic acid gas; and befides, an acid
fluid, together with fome fublimed concrete acid.
But 1t yields no empyreumatlc oil, nor is there -

any
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any coaly reﬁduum left, but ‘mere tccretablc al-
kali,

§ 685..

Confequently, the acid of the falt of forrel is.
decompofed in heat, like the tartareous (§ 634).
And for this reafon, the dry diftillation of this falt
is not a {uitable expedient for producing its acid in
the fame flate in avhich it exifted in the flt,
This purpofe can only be accomplifhed by fe-
parating the acid in the humid way, and in the
following manmer; :

The falt of forrel is firft faturated with ammo.
niac, wheweby a triple falt is obtained; confifting
of the acid peculiar to that falt, of pot-afh, and
of ammoniac, To the folation of this triple falt
a folution of barytes in nitric acid is gradually
added by drops, and as long as any precipitate
takes place. . By fo doing, the acid of the falt of
forrel combines with the barytes into a middle
falt of very difficult folution, which precipitates;
while on the other fide, the nitric acid, pot-ath,
‘and ammoniac unite, and form together a new,
and very foluble triple falt. The oxalat of barytes,
which is the above precipitate, is edulcorated with
cold diftilled water ; put into a matrafs, and again
decompofed by affufing upon it diluted {ulphuric
acid; which, from its ftronger affinity, feizes the
barytes, forming with it {ulphat of barytes (§ 423),
and fcts free the ac1d of the falt of -forrel.—This
: acid
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acxd mixes now “with the: dﬂutmg water by whick
it 1s hcld in foluhon.

. Nothing then remains, but to filter the folu-
tion, and to fuffer it ‘cently to evaporate; upon
which the acid cryftallizes. The fulphat of ba-
rytes remaining on the filter ought alfo to be
edulcorated, :

" § 686,

This acid, thus cbtained; 15 called oralu: acid,
and we cannot help confidering it as a difun&
peculiar acid of the vegetable kingdom.  Its eryf-
tals have at times the form of rhomboidal tables
with truntated latera! edges; but are ufually fpear-
fhaped. The tafte of this acid is extremely four,
“The oxilic acid itfelf is much more foluble in
water than the falt of forrel ; and it is not - vola-
~tile in the heat of Loxhncr water, gy
The oxalic acid goes alfo by the name of acid of fugar,

Indeed it may bewobtained from that fubflance in 2 -

cheaper, and fpeedier way; as will be fhewn § 728,
—Edit. .

, $ 687.

The bafis of oyalic acid is a compound. If
‘that acid be diftilled by itfelf, we obtain from it
carbonated hydrogep gas, carbonic acid gas, a little
four phlegm, and fome fublimed congrete acid
falt, which ftill rctams the properties of - oxafic
acxd Nothmg rcmmns in; the retort, but a {mall
o 0% % s quannt}r_

Vg o
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quantity of a grey or brown refidue, which almoft
totally difappearé in open fire. The falt, that

. was fublimed, 1s farther deftroyed by di{hﬂmc 1t
a fecond time, il

§ 688,

Hence it follows,. that the radical of oxalic acid
is; Iike that of the. tartareous, compofed of hy-
drogen and. carbon.—The oxalic is diftinguithed
from the tartareous acid by nothing elfe than by
- adifferent proportion of oxygen, and of the prin-
ciplés of its bafis. The tartareous acid may, for
this reafon, be transformed  into oxalic, by diftil-
ling weakened nitric acid -upon the former in.a
low heat; by which management nitrous and
~ carbonic acid gafes are generated. By concen~
-trated nitric acid, and ftronger heat, the tarta-
reous is converted into acetic acid (§ 674); and
the fame happens to the oxalic, when treated in
the fame manner,.—Thus allo the concentrated {ul-
phuric acid is decompofed in heat by the oxalic;
and acetic, . fulphureous and carbonic acids, are
pro‘d’uccd, and volatilized. :

§ 689.

If into oxalic acid, diffolved in water, a folu-
tion of pot-ath be dropped, and the quantity of
water be not too great, a four faline powdcr
will immediately pre(:lpxtate, whofe_ properties are

in cvcry refpet like thofe of the falt of forrel. "
£ e 10
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If the pot- “ath be fully faturated with oxalic
amd the product of this combination 1s the ozalat
of 'pot-'qﬂz_: a neutral falt by far more foluble,
than falt of forrel. However, neither this, nor 2.
the ozalat of foda, nor 3. the ozalat of ammoniac,
arcin any way employed in arts or medicine. They
- are all of them deftroyed by fire.-

§ 6go0. :

4. Calearcous -earth has a very powerful . at-
traGion for oxalic acid, and conflitutes with it
a mixture infoluble in water. If a little of a
~Aolution” of * oxalic acid be 'dropped mto lime-
water, the acid and the earth will igﬂ:antanéouﬂy
combine, and as readily precipitate: forming a
middle falt, the oralat of lime. This falt is def-:
titute of tafte; it is de&royed by fire, without leav-
ing a coaly refidue; and is by this property dif~
‘tinguithed from tartrite of lime.

§ 6g1. :

5. Another earthy faline combination of this

acid, 6. the oralat of magnefa is likewile infoluble

_in water. 7. The ozalat-of bary yles 1s of very fpar-

g folubili ity s 8. the eralat of aumine, or argll
on the contrary, is delzquc{'cenr

69‘7 "
The i'ucceﬁ\e order of aﬂimncs of lhe oxalic
acid ,wgth alkalis and earths, is as follows.—Lime,
barytes:'
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barytes, magneﬁa, pot-ath, foda, ammoniac, alu-
mine.
§‘693- ,

“As to affinitics with alkalis and earths, com-
paratively with other acids, the oxalic acid by far
exceeds the carbonic. 1t is inferior to the /ful-
phuric, with regard to barytes and alumine; but
fuperior to it with lime and magnefia. Both the
nitric. and muriatic acids exceed the oxalic in
their affinities with alkalis and alumine; but are
inferior to it with lime, magnefia, and barytes.—
By the fuoric acid the neutral oxalats (§ 689)
are decompofed; but not the oxalats of the
middle, or earthy faline kind (§ 690, g1). And
- the boracic acid, through the whole it of al-
kalis  and earths, has a more remote affinity than
the oxalic.

§ b9 |

From the very ftrong attraftion which the
oralic acid has for lime, even fuperior to that of
the fulphuric (§ 693), it proves an ezcellent re-
agent for difcovering calcareous earth in any fluid;
even when this earth is united to an acid. Thus,
for inftance, the addition of oxalic acid to com-
mon water, impregnated with gypfum, or {ulphat
of lime, immediately deftroys its limpidity, and
oxalat of lime is precipitated. Thls purpofe is
beft anﬁvered by the oxalat of ammomac

§ 693
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: § 695 :

Like the tartareous acid, the oxalic has a ftrong

tendency to combine with a certain quantity of

7'pot afh; thus forrning common falt of forrel.

This phenomenon 1S 1n appearance another ano-=

maly, ‘or deviation from the laws of attraéhon,
exerted by pot-afhi ofi acids.

; Cz'trz'c Acids

§ 696.

The juice of lemons, or Times (f Lccus cztn},
contains ‘alfo a peculiar acid of its ownj but
united with foreign; efpecially mucilaginoas parts,
from which it moft be feparated in order to
produce pure cifric acid.

§.00% . 4

For this purpofe, the juice of lemons, pro-
cured by preflure, 1s heated; then refined by
ftraining and filtering, and ’ faturated with
powdered chalk, until all effervelcence ceafes.—
The precipitate. formed is calcareous earth, fa-
turated with acid of lemon, or citrat of lime :
of difficult folubility, and ‘feparable from the
fluid by fubfequent filtration, . It ought alfo to
be edulcorated with cold water. As the fulphu-
ric acid has a fironger attraction *for lime than
the citric, this laft is di{'engaged' from the citrat,
by means of diluted fulphuric'acid, affufed upon

’ { it
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it in a fuficient quantity*, and with which, after

proper ftirring, it is boiled . for a few minutes.

After refrigeration, the contents of the matraﬁs
are filtered 3 the remaindér on, the filter: being

gypfum, and the filtered lye being pure citric’

acid, which by evaporation of the diluting water
is rendered capable of cryflallizing ; at the fame
~ time, that the gypfum, formed by the union of
fulphuric acid with lime, and of which flill a part
remains diffolved in the Yquid, is feparated, and
fubfides. '

* The requifite quantity of fu]phuuc aeid is that which

'y is required to fatarate the lim8; Hence the portions

of ‘chalk added to the juice of lemons muft be noted

down, and the guantity of {ulphuric acid required

 for its faturation regulated accordingly. This pro~

portion, if not known by other fafls, or by the

tables that have been given of fuck procefles, may

be found ont by a feparate trial in fmall quantities,

Fot inftance, half an ounce of chalk may be faturat-

ed, adding the fulphuric acid by fmall portions, and

.. taking notice ‘what quantity of it is required to ef-

. ' feét the faturation, - The fame method holds good as
2 general rple in all other fuch eperations.—Edit.

§ 6g8.

'I‘he cryf’cals of eitric acid have an oftahedral
fhape, truncated on their folid angles or points.
They are permanent in the air; arg with eafe
difiolved by water, a_nd exate 3 very fo;q:
tafte. -

W
(o, O
O 5
)

)
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§ 699.

Citric acid 15, like all the other acids pecu-
hiar to mvegetableé, deftruible by fire; and it
yields by dry diftillation, carbonated hydrogen
‘gas, carbonic acid gas, an empyreumatic four
phlegm, and leaves fome coal behind.

S ook

By this fatt it appears, that hydrogen and car-
bon likewife conftitute the radical of citric acid;
‘but, doubtlefs, in proportions of thefe compo-=
nent parts to oxygen, different from thofe- by
which the tartarcous and oxalic acids are formed.
~On a fimilar treatment with thefe laft (§ 673,
688), the citric acid likewife in heat robs the
fulphuric acid of part of its oxygen, is itfelf con-
verted partly into acetic, and partly into carbonic
acid ; and the fulphuric acid affumes the fate of
the fulphureous. s '

: § yor.

The citric is diftinguithed from other vege-
table acids by particular neutral and middle falts,
denominated citrats, which it forms with alkalis
and earths. 1. The citrat of pot-afh, and 2. the ci-
trat of foda; are cryRallizable ; but, 3. ‘the ¢
trat of ammoniac is not fo.  OF the middle falts of
this kind, 4. the citrat of lime * is earthy and
taftelefs ; 5. the citrat of magnefia deliquefcent;

; 6. the
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6. the citrat of barytes, and laftly, 7 the ci-
- lrat of alumine, both of difficult folution.

* Synonyma : Oculi cancrorum citratiy canchae citratae,

§ 7o2.
~ We have feen that the citric acid is decom-
pofable or deftruétible by fire (§ 699), and for
this reafon, all citrats, whether earthy or alkaline,
are deftroyed by heat; yet it feems to be worth
while to inveftigate farther the nature and pro-
perties of thefe falts.

§ 703.

- The following is the order in which alkalis and
earths fucceed each other, with regard to the de-
gree of affinity with citric acid.—Ponderous earth,
lime, magnefia, pot-afh, foda, ammoniac,

§ 704

In the humid way, both the carbonic and bo-
racic acids are expelled from alkalis by the ci-
tric ; which, however, has a weaker affinity for the
alkalis, than all the other acids hitherto treated of.
The cifric acid is, befides, diftinguifhed from the
two preceding végetable acids : firft, from the
tartareous, by not decompofing, like this (§681),
the muriat of pot-afh; and, fecondly, from the
oxalic acid, by its not decompofing gypfum,
which is decompofed by this laf} (§ 693).

N¥OL T, B b Malic
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Mdlic A cid.‘ :

§ 7¢5.
Verjuice or the juice of all forts: of unripe or”
four apples contains an acid of a peculiar kind,
which has been denominated malic acid.

After the unfermented juice prefled out from
applea has been clarified, it is faturated with
chalk; this folution is in the next place ftrained
and mixed with alkohol, or rectified ardent {pi-
rit.  The alkohol wunites with the watery parts
of the juice; and the acid” uniting with the cal-
careous earth, forms malat of lime, which pre-
cipitates, and is f{eparated from, the fupernatant
liquid, by means of a filter. ~Laftly, the malic
acid 15 difengaged from the wathed. malat by
diluted fulphuric acid; which, by virtue of its
- ftronger attradtion, lays hold of the lime, forming
with it gypfum, and thus {lts the malic acid at
hiberty. o -

§ 766

The malic acid never cryflallizes; but continues
lignid. . Of its neutral combmatlous, 1. the
malat of pot-afh, a. the malat of fode, and, 3.
the malat of ammoniac are all dpliquefcent Of
its cembinations with earths, 4. the malat of
lime admits of bemg cry:&alhzed, and alfo, s.

the
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the malat of barytes; 6. the malat of magne-
Jia is again deliquefcent; but, on the contrary, 7.
malat of alumine is of difficult folution.

: Y 707

Fire decompofes the malic acid, and likewife
all its neutral and middle-falts. By diftilling dry
malat of lime, carbonated hydrogen gas, and car-
bonic acid gas are produced, as from the forego-
ing vegetable acids; and the calcareous earth, to-
gether with a coaly refidue, remains in the retort.
It follows from this; that the radical of malic
acid likewife confifts of hydrogen and carbon. By
a {mall portion of the nitric acid, the malic acid
_may be converted into the oxalic.

3 :
Concerning other four Juices of Plants.

§ 708.
. 'The acids afforded by other plants have been
found not to differ from thofe which we have
before examined. ; ;

. . ., .
Thus from famarinds (tamarindus indica) tar-
tareous acid, and tartar, are alfo obtained ; and

citric acid, according_to Fauquelin.

The juice of four cherries (cerafum apronia-
num)  contains citric and malic acid.

Bb 2 The
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The berries of fumac (rhus coriaréa) contain
tartareous acid and tartar.

Common cranberries: (vaccinium oxycoccos),
red bilbervies (vaccinium vitis idea), the bird
cherry (prunus padus), the berries of biller-fweet
(folanum dulcamara), and hips (cynofbatus) con-
tain more citric than malic acid. 7

Berberries berberis wvulgaris), elder-berries
(fambucm nigra), floes (prunus fpinofa), berries
of the wild fervice-trece (forbus aucuparia) and
the common plum ( prmms“ domeftica), contain
more ‘malic than citric acid.

Goofeberries (ribes groffularia), white and red
currants (ribes album et rubrum), whortle-berries
(vaccinium  myrtillus), firawberries (fragaria
vefta), and ra/pberries (rubus ideus), contain
almoft equal portions of citric and malic acid.

Unripe grapes (uva immatura) contain nterely
citric acid.

Benzoic Acid.- .

: § 709.

In the fragrant refin called Benzoin there exifts a
falt, which on account of its properties cannot but
be confidered as a diftinét vegetable acid, known by
the appellation of Benzoic Acid.—~The method of

pro=-
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procuring it is this.—Benzoin is expofed in a cru-
cible to a gentle heat; a cornet of paper, conically
© twifted, with the open bafe turned downwards, is
‘placed on the aperture of the crucible. A ftrong,
white, very pungent fmoke fublimes from the rcfn,
fettling around the infide of the paper in white
glittering needles, whofe officinal name is flowers
of benzoin, and which are the benzoic acid.

§ 710.

The benzoic acid may be procured more co-
pioufly, and in a lefs troublefome way, by boiling
four parts of finely pulverized benzoin with one
part of burnt lime, and four parts of water.

The operation fhould be performed in a pewter -
veflel, and with conftant ftirring. The acid con-
tained in the refin unites with the calcareous-
earth to a middle falt, which remains diffolved
in the lixivium, and muft be filtered. The refi-
duum is again boiled, but with a double quan-
tity of water; and, when boiled, filtered and mixed
with the firft lye. Both lyes together are now in
part evaporated; and, after tbey have cooled, mu-
riatic acid is dropped in till no more precipitate
{fubfides,

This precipitate, carefully lixiviated with cold
water and dried, is the benzoic acid, which is pu-
rified by repeated {olutions in boiling water and

B.br 2 filtration ;
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filtration; and may, by flow refr:geratlon, be caufed
to fhoot into beautiful cryftals in the l'hape of
necdles, or {Lort filky threads.

The muriatic acid, by its Pcrcmger affinity, feizes the
lime, and forms with it a foluble falt. But as the
benzoic acid is lefs foluble, and the quantity of water
neceﬁ'ary for its folution is diminifhed by evaporation,
it falls down; and #ill more fo, as the folvent power
of water decreafes by cooling. The precipitate, in
“the firft part of the eperation, is of a powdery form.—
Edit, :

§ 711,

The acxchty of benzoic acid is not predominant ;
its tafte is, howeyer, of a very irritating and acrid
kind. In cold water it is of very difficult folution;
boiling water has a much greater power upon it.

 Its cryftals are not affected by the influcnce of air;
but they are volatile in moderate heat (§ 709 ).
They are, combuftible; but, to be burat, they muft
be placed in immediate conta@ with red-hot char-
coal. They alfo. detonate with ignited nitrat of-
pot-ath.

§ rim.

The bafis of this acid appears likewife to be a
- compound of hydrogen and carbon. Yet thefe
principles muft in this acid bear proportions to
cach other, as well as to oxygen, different from
thofe by which the vegetable acids mentioned be-
fore are formed.—This acid falt being volatile in

fire,
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fire, its decompofition is not an eafy matter. Yef,
by being diftilled with fulphuric ‘acid and the na-.
tive black oxyd of manganefe, it is dccoﬁnpofed,

and becomes acetic acid.—The concentrated ful-

phuric and nitric acids are not decompofed by it

in the humid way; and both diffolve it eafily, but

drop it again unaltered on the addition of water.

§ 713
The benzoic acid combines with all alkalis, and
with alkaline earths, forming by this union cryftal-
lizable, neutral, and middle falts, of which tll now
no ufe has been made. '

- 1, Benzoat of pot-afl; 2, benzoat of foda;
3
3, benzoat of ammontac ; and

The benzoats, 4, of lime ; 5, of magnefia ; 6,
of alumine; 7, of barytes; 8, of Strontian-
earth.

§ 714
The affinities of alkaline fubftances with the ben-
zoic acid are in this order: Firft, lime; then barytes,
pot-afth, foda, ammoniac, magnefia, and laft of all
alumine, '
§ 715
By the benzoic acid the carbonic and boracic
acids are expelled from alkalis and earths. The
benzoic is, on the other hand, itfelf expelled from

the;e fubftances by the fulphuric, nitric, nitrous,
¥ b 4 fluoric,



316 Confi. Parts of Vegetables. [Chap. VL.

fluoric, tirtarcous, oxalic, citric, 4nd malic acids,
The explanation of thefe phenomena is, as in all*
other cafes of this kind, to be found in the laws of
attractions. ;

Gallic Acid.

§ 716.

Various plants, entirely or in part, manifeft an
aftringent tafte; and are alfo poflefled of the cha-
radteriftic property, that their aqueous or {pirituous
infufion precipitates the fulphat of iron (green vi-
triol) from its {olution, of a black or black -blue
colour. - i

| § 717-

Thefe qualities are poffefied in an eminent de-
gree by the nut-galls ; and, befides, by the bark of
oak, fumach, the rinds of pomegranate, tormentil-
roof, bifiort or fnake-weed, and feveral others,

§ 718.

From nut-galls fubjected to dry diftillation car-
bonated hydrogen gas, and carbonic acid gas, are
extricated; befides thefe, a four phlegm and em-
pyreumatic oil comes over; and at the fame time
fublimes a light refplendent falt, evidently four,
which may be purified by fubliming it a fecond -
time with a gentle heat in two glafs-cups faftened

ta-
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together, and may be thus brought to the form of
" rather long thining cryftals, radiating from a com-
mon centre, and croffing one another. Part of this
falt isalfo contained in a diffolved ftate in the above
acid fluid, which is collefted in the receiver when
dry nut-galls are diftilled.

¥ 719

Befides this method, the above acid falt may be
obtained from nut-galls in various other ways.—It
conftitutes a peculiar acid belonging to the vege-
table kingdom, and is diftinguithed by the name of
gallic acid *. Tron is precipitated of a black hue
from its faturated folution in acids by this falt, even
without any addition. From this, therefore, we
muft explain that property, which the nut-galls pof-
{efs in common with other aftringent plants, But
the extralls of nut-galls, the fpirituous as well as
the aqueous, contain, befides this gallic acid, fome
mucilaginous, refinous, extractive matter; which, in
the opinion of Dejeur, conftitutes in thefe nuts,
together with the acid, arcompound which, by thefe
ingredients, is rendered foluble in water as well as in

{pirit of wine.
* It is alfo called affringent principle.

According to Chaptal, Elements de Chymie, 1795, Tome
il. page 331, the folution of go/d is by this acid
rendered of a dark green, and the metal is reduced

and precipitated as a brown powder. The folution
- ef
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of filver is turned brown by it, and the filwer falls
down as a grey powder in the metallic ftate.—Mer-
¢ary is-by this falt precipitated of an orange-yellow,
copper of a brown, and fugar of lead of a white co-
lour.—Edit. i

S gxp.

By nitric acid the gallic may be converted into
oxalic acid. By this circumftance it feems to me
unqueftionable, that the gallic acid has alfo a bafis
compofed of hydrogen and .carbon; but which, of
“courfe, muft ,be fuppofed to contain thefe prin-
ciples in proportions different from thofe other ve- -
getable acids, as well relatively to each other as to
the fhare of oxygen. Dejeur, neverthelefs; afferts,
that its radical is fimply carbon; and that the dif-
ference of gallic from carbonic acid confifts merely
in the different quantities of their oxygen. :

§ 721.

The neutral and middle falts, or gallats, formed
by the gallic acid 1n combination with alkaline fub-
ftances, have not yet been fufficiently” examined,

All of them have the property of precipitating
iron of a black colour.

1. Gallal of pot-afh; 2, of fodas 3. of am-

moniac.

¢. Gallat rgf-‘lz'me;. 5- of magnefia; 6. of

alumine; 7. of barytes ; 8. of Strontian-
earth. . :

: Sugar.
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Sugar.

§ 722

Sugar ( faccizamm J 1s a true eflential falt of the
-vegetable kingdom, contained in all plants of a
{weet tafte, and in their parts; though it can only
be extratted from a few in a ftate of purity and
with profit. It is a produ& of nature, and art
can do nothing elfe than feparate and purify it.

s

Common fugar is prepared, particularly in the
Wejt-[ndies, from the juice of the fugar-cane -{juc-
charum officinarum). This juice being greatly dif-
poled to ferment, it is indifpenfably neceffary to
{eparate the fugar as foon as the juice has been
prefled out of the cane. This is effeCted by eva-
poration and coagulation; but to fucceed in it, the
faccharine acid contained in the liquor, and which
would prevent the fugar from coagulating, muft be
firft parted by adding lime, and the liquor be well
fkimmed.—The fugar is made to coagulate by pro-
perly infpiffating the faccharine liquor and by cooling;
after which the mother-water (melaffes or ireacle)
is drained off—Sugar thus procure ¥ is called raw
Jugar, or mofcovade; 15 of a yellow colour, and is
o fert
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fent to Europe in this ftate for farther refining.
Sugar farther purified from melafles, is called powder
JSugar, and alfo cqfonade. "

The laft and complete purification, or refining
of Jugar, is done in the following manner :—Raw
fugar is boiled again in copper-kettles with lime-
water and bullock’s blood, carefully defpumated
and ftrained through woollen-cloth, and once more
boiled down to a proper degree of confiftence. This
faccharine decottion is now ready for cooling, which
is performed by lading it firft into a large copper
cooler, and by transferring it from this into flat
pans well moiftened before hand, where it is re-
peatedly ftirred to prevent its coalefcing into larger
cryftals—When completely cold it is put into un-
glazed conical moulds made of clay, the lower fmall
aperture of which is flopped up. In thefe it is
fuffered fully to coagulate. But the fuperfluous
fyrup is caufed to trickle off; by opening the lower
peints of the moulds. .

Sugar thus prepared is called loaf-fugar. An
ingenious way of freeing it from the adhering. par-
ticles of fyrup, and. of making it perfeétly white,
has been contrived, by covering «the bafe of the in-
verted conical form with clay, previoufly foftened
by maceration in water, of the thicknefs of feveral
inches, and which is now and then moiftcﬁed with
a little water. . By this excellent contrivance the

{fmall
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fmall cryftals of fugar, though of {o deliquefcent a
nature, are wafhed and cleanfed from adhering foul
* water; and, befides, the colouring particles and
other impurities are diffolved and carried off.—The
operations here mentioned are feveral times repeated
until the ‘fugar has obtained the whitenefs and fine-
nefs required.—At laft the fugar-loaves are tho-
roughly dried in heated rooms.

§ 724.

The fyrup colle€ted on the infpiffation of the
juice prefled from the cane, as well as that which is
obtained at the refining of fugar, is only produced
and generated by the operation. It is fugar which,
at a heat exceeding the degree of boiling water, has
already fuffered a beginning decompofition. '

§ 725

Sugar is neither an acid nor an alkaline falt; it is
© neither a neutral nor a middle falt; it is in every
refpeét to be confidered as a falt of a peculiar na-
ture. Sugar is very foluble in water, and requires
at 50% Farenh. no more than 1,333 parts of it.—
Sugar may be cryftallized, as is obvious from fugar-
candy, which is prepared by leaving a purified fo-
lution of {ugar not yet boiled down to a yery thick
confiftence, to quiet exhalation in ftrongly heated
chambers, in copper or brafs veflels, containing a
number of threads crofling each other, and faftened

tQ
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to thé fides in varous direCtions. The fugar thus
circumftanced fettles and cryftallizes round the
threads and fides of the veffel. =

Accordingly, as the {ugar employed for this pur--
pofe has been purified in various degrees, the fugar-
- candy will be brown, yellow,or white—The cryftals
of fugar form a quadrangular, flattened, oblique
column, with terminations truncated on two fides.
Fach of the {maller lateral furfaces of the column,
however, 1s ufvally compofed of two, joining ina
very obtufe angle. The -cryftals of pure white
fugar-candy do not deliquefce in air. '

§ 726.

Sugar is a combuftible fubftance, and is deftroyed
by fire. Expofed to heat it gives out a ftrong
acidulous {moke; it intumefces, and burns to a
coal, which being incinerated fcarcely leaves a re-
fidue behind. A large quantity .of carbonic acid
gas, and of carbonated hydrogen gas, is obtained
from it by diftillation; and, befides thefe, an eni-
* pyreumatic acid fpirit, but only a {mall portion of
empyreumatic oil; and there remains a very fpongy -
coal.—The acid {pirit obtained in this procefs ought
to be taken for a mixture of acetic with oxalic
acid ; and ‘does not deferve to be received in the
{yftem as a peculiar acid with the name of pyro-
mucous acid.

Ly
¥
~J

(5]
e |



Chap. VL] Sugar. 383

§ 727-

* Hence the component parts of fugar are carbon,
hvdrogen, and oxygen; but it does not contain a
fufficient portion of the laft to form an acid with the
‘fift. Notwithftanding this, if the proportion of
oxygen be indirettly augmented by taking off a
part of its carbon, fugar becomes then a true
acid; and may be converted into oxalic acid by the
pitric; and, by fermentation, into acetic acid.

§ 728.

To effe@ this pour fix parts of nitric acid upon
one part of pulverized white fugar. A frothing
takes place, and nitrous mixed with carbonic acid
gas is difcharged. . Keep the whole 'in a gentle
warmth until no more yellow-reddifth vapours arife,
and let the refidual lixivium quietly cool.—Cryftals
of oxalic acid will fhoot out. When thefe have
been taken out, the remaining lye may be totally
changed into oxalic acid, if a frefh portion of di-
luted nitric be added, and the fluid be evaporated
and cooled, after the effervefcence has cealed. ;

Bergman, and many others, took this for 2 particalar
acid, diftinguithed from others; and it was called
acid of fugar. But Scheelz, the difcoverer of the me-
thod (§ 685) of preparing oxalic acid, has proved,
beyond doubt, that the acid obtained from forrel is -
identically the fame as that obtained from fugar.’
This was confirmed by the experiments of #frumb.
and Hermflaed: ~Edit, ;

§ 729.
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- § 729.

Sugar is w;dely diffufed in the vegetable kmg-.
dom; all fweet-tafted fruits and plants contain it -
only, becaufe it is fo often united with mucilaginous
and extrattive matters, it cannot be obtained from
them all, efpecially in a profitable way.” The juice
that flows in the {pring from the fiigar-maple (acer
Jaccharinum), by an incifion made in its- ftem,
yields a true fugar, if properly purified and boiled
down. It is at prefent advantageoufly employed for
that purpofe in North-America.—Sugar has like-
wife been obtained from par/nip-roots ( pafiinaca
Jativa ) ; from flirrets-(frum fifarum) ; from white.
and red beet-roots (beta cicla); from carrots
(dawcus carota); and from the ftalks of India corn

{zea mays ) *.

* The lateft experiments made with thefe plants for the
purpofe of preparing fugar from them are thofe of
Iﬂ’rmﬂaedt His paper on that head, tranflated from
the Neue Sr/;; iften zaturforfchender Freunde zu Berlin, has
been given in Nicholjon’s Fournal, Vol, IIL. for the
month of O&tober, 1799.—Edit, ’

The jugar-maple, however, feems to anfwer that pur-
. pofe with the greateft profic—As there are not yet
fufficient plantations of that tree in Germany, Kla-
proth, Achard, and Hermfaed:, of Berlin, attempted to
Prepare it from a beet called runéelriibe by the Ger-
mans {bete cicla altiffima yaquin ), and fucceeded bevond
expeftation. The fugar which it yields is as good as
raw Lifbon fugar, and the pound of it will harddy
coft
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coft, three-pence. In all appearance it promifes fair
to be, within a few years, a fubftitute for the Welt-
India fugar. Thole chemifts are now about difcover-
ing a cheap method of refining it. Of the very
~ fimple procefs of preparing that fugar by the meré
evaporation of the hquor prefled out from the mafhed
root, a fhort account is given in the Philyfiphical
Fournal, April, 1799, page 291; and Mc&o{[qn has -
inferted Achard’s circumflantial defeription of the method of
. cultivating the runkelribe in his Journal for September,’

1799, page 237, feg.—Editor:

§ 730-

Among the fweet effential falts of the vegetable
kingdom manna-and honey are alfo to be reckoned.
Manna exudcs from various fpecies of qr/k, particu-
larly the fraxvinus rotundifolia and ornus, either
naturally, or by incifions purpofely made on the
trunk of the trec.— Honey is the work of bees;
but its origin, and the tnaterials colletted for it by
thefe ufeful infes, is vegetable. ~Of thefe two
honey is, perhaps, moft profitably employed, as it
contains fo much fugar that its fmall cryftals are
vifible, after it has ftood for fome time.

Mucilage of Plants.

§ 78T, y :
Various parts of vegetablés, for example the roots
of marfh-mallows, the kernels of ‘guinces, impart
to water, if boiled with them, a certain toughnefs
 woli. 1 cc : and
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and glutmoﬁty, yet without mich fenfible {apidity.

The fubftance which, in this cafe, is dlﬁ'olved by
water, is called flime, mucits, mucilage, ‘and remains :
behind, when the decoion, previotily ftrained, is
totally evaporated by a low heat.—The mucilage,
when in this ftate, forms a body devoid of tafte and
{mell, not foluble in ardent fpirit, but which is
diffolved by cold as well as hot water.

8 732
This mucilage exifts in all plants and their parts,
with this difference only, that it cannot be procured
in a pure ftate from every one of them. It s alfo
found in fome plants, and in fome. of their parts,
more plentifully than in others. .

8133
Some trees fuffer their mucilage to tranfude either
fpontaneouly, or by incifions made in them. When
it has become concrete by drying in the air, it Is
called gum.

. Examples are afforded by gum-arabic from the mimsfa
nilotica and mim. fenegal; the gum from the plum— and

eberry-tree (gummi ceraferum) 3 and gum tragacanth from
the afragalus tragacantba.

§ 73k
Mucilage is fufceptible of combuftion. Tt yields,
by dry diftillation, carbonic acid and carbonated
: hydrogen
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hydrogen gas, an acid empyreumatic fluid like fugar,
and an empyreumatic- 6il. The remaining coal is
very pure; and whatever Is left behind, after its in- -
cineration, procéeds from fome adhering extraneous
matters. .

§ 735
The mucilage may be changed into oxalic acid
by the nitric; and Vauquelin has converted it, by
muriatic acid, into the citric, 3

§ 736.

The conftituent parts of vegetable mucilage and
gum are, therefore, carbon, hydrogen, and fome
portion of oxygen (§ 734), and confequently the
{ame as thofe of fugar (§ 727 ).—There is, there-
fore, no other différence between them, than a va-
riety in the proportions of their radicals to each
other; and hence their tranfition from one into
another is eafy while the plant is growing:

Of Refin.

S5
Refin (refina) is infoluble in water, but {oluble
in fpirit of wine. It liquefies by heat, may be
eafily fet on fire by applying a flame, and is pof-
{efled of an odour more or lefs ftrong. '

ce 2 § 738,
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s =t 45598 A
g Behin 15 proximate conftituent ingredient if -
feveral parts of vegetables. It is particulatly found
in the wood, roots, and buds. = It may be extracted
from them by ardent {pirit ; but there are fome trees
that fuffer it to exude fpont‘aneoﬁﬂ_}{i

To this clafs of bodies belong pitch (§ 632) 5 colophonm,
made by the farther 7reﬁning. of Burgundy pitch;
maftic, from th? p‘iﬁaria Ieniiﬁw; Jfardarac, from the
Jumiperus communisy elemi, from the amyris elemifera;
tacamakac, from the populus baljamiferas () bewzoin,
from the fyrax benzsin; frankincenfe (olibanum), from
the jumiperas bcia; guaiarum,rfrom the guaiacum off-
cinales dragon’s-blaed, from the calamus rotang, draczne
drace; and prerocarjus draco; copaly from the rbas copal-
Ggun:; fadarum, from the eyffus ereticus, and fpell-lac
Llacca intabalis). !

¥ 739- :

Such refins as fpontancoufly iffue from their
plants; owe their fluidity to an ethereal oil coms-
bined with them, which itfelf is a conftituent part
bf vegetables; and the refins liarden after its exhal-
ation. It is from this oil that the fragrant fmell: of
sefins orginates. ~ Refins, which have not yet'affumed
the concrete form, but ftill continue in a fluid ftate,
are called matural balfams*; and they may be con-
fidered as refins diffolved by ethereal oils.

Examples;-
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ik Examples: Common turpentine (terebinthina wulgaris), ob= *
*  teined from firs and’ pines; Pemetian turpentine, from
the pinus larix 5 Cyprian tarpentine, from the pifacia
terebinthus; Canada balfam, from the pinus.balfamea and
canadenfis;  Copaiva 30{/2:7;;,‘ from the copaifera qﬁdl
naliss ﬁa{ﬁmé of Peru, from the myroxylen peraifera;
Balfam of Tolu, from the toluifera baljarmn; balfam of
Mecea, or VGz'lmd (spobalinmum h'gu[ﬂ'zm;), from " the
anyris cpaéa_yamym,
- * Fluidity and fragrancy {eem to be effentia] requifites
: ta the nature of a balfam. Yet Chapral, with {fome
others, aflerts, that feveral balfams are always in a
cancrete ftate; and, according to him, they are refins
united to an scid falt. Elm. d Chymiz, Tome IIL
fect. 3, atticle 4—Edit.

§ 740

Pure refins, when burned in oxygen gas, generate
carbonic acid gas and water. . Befides, if diftilled
by themfelves without other addition, except a
large “quantity of fand' (which is neceffary on-ac-
count of their great intumefcence), they afford car-
_ bonated hydrogen gas, carbonic acid gas, a fourifh
fluid, and much empyreumatic oil, which at the
end becomes quite pitchy. The remaining coal is
very pure. #Ha

§ 741,

"The radicals of refins are confequently carbon,
hydrogen, and fome oxygen, They may alfo be
produced artificially from ethereal oils, as will be
fhewn hereafter, Acids affe® them but little, -

€cC3 - Gum-
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§ 742

That juice, fér the moft part milky, which iffues
from plants wounded by incifion, if {pontancoufly
exhaled, or artificially evaporated, leaves a refidual
fubftance, which is not completely diffolved either
by water or by fpirit of wine; and is, from this cir-
cumftance, called gum-refin. It cannot, with pro-
priety, be confidered as a bleﬂded'mai‘s‘conﬁﬁing of
refin and gum; it is rather to be taken for a pe-
culiar mixture. Many gumn-refins are pofiefled of a
~ ftrong {mell, and contain various other component
parts united with them,

Such gum-refins are: Gum-ammoniacs galbarum, from the
Bubon galbanums myrrhs eupborbium, from the euphorbia
‘officinaram; gamboge, from-the gambogia gutta; afa-
Jetida, from the firula afo-fatida; opium, from the
{eed-vellels of the papaver fomniferunt. ;

Waturalifts well know the dificulties that occorin ar-
i ranging the produéts of nature; hence the reader will
not be farprized at finding, in different books, dif-
ferent lifts of gums, refins, balfams, and gum-refins.
That of our anthor feems, however, in every relped,

10 be vety radoual.fE:Lit. ¢
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Of Gluten.

§ 743

It wheaten flour be firft kneaded with cold water
toa firm dough, and if this pafte be wathed be-
tween the hands with cold water conftantly flowing
upon it, until the water is no-longer rendered milky
and turbid, but comes off clear and tranfparent,
" there will remain in the hands a tenacious contrac-
file matter, which, on being forcibly enlarged by
pulding while moift, looks glofly, and in fome mag-
ner like 2 membrane, and which cannot be diffolved
either by water or by fpirit of wine,

-

§ 744

This peculiar {ubftance has obtained the name
of gluten. Tt hardens in heat to a brown horny
matter; is diffolved by acids; is confumed by fire,
fending forth a {mell like that Qf {corched hairs;
and yields, by diftillation, carbonic acid— and hy-
drogen gafes, befides fome ammoniac, and an em-
pyreumatic - oil.—This gluten is tinged by nitric
acid of a yellow colour, is decompofed by it, and
transformed into oxalic acid.

€c4 § 745
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i 3 745
: AH expenments made with gluten prove, that 1 i ¢
is compofed of carbon, hydrogep, azot pho ﬂghorus, :
- ~rc»*m:l oxygen. :

5 746

The flour of other fpecies of corn, different from
wheat, contains a lefs quantity of gluten.—This,
however, is- 2 conftituent “principle of many other
plants'or their parts; of their leaves, for inftance,-
and particularly of the fumgi. Thereis no doubt
but that the ammoniac, yielded by plants on dry
diftillation  (§ 633 )s» chieﬁy arifes from their
gluten.

Concerning Starch,

§ 747
If the rinfing-water collected from the foregoing
experiment (§ 743) be fuffered to ftand quietly
for fome time, it lets fall a white powdery fediment.
This 1s the farch (amyluam), which, when dry, is
pul\ rerulent, taftelefs, without odour, infoluble both
1n cold water and ardent {pirit; but is diffolved by

boxlmg water, making with 1t nafie; a well known
fubﬁancc

Tlus rinfing-water (§ 743) feparated from the ftarch,
and filtered, yields, if evaporated before it turns.
four, an extraét which proves to be of a mucilagi-
aous faccharige nature.

¥ § 748;
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§ 748.
< On account of thefe properties we are entitled
to fay, that ftarch is effentially different from both
mucilage and gluten, - By diftillation it gives the
produéls yielded by mucilage (§ 734), and confe-
quently confifts of the fame principles; but in' the
ftarch they are united in other proportions than in
mucilage.—Nitric acid converts ftarch into oxalic
-and malic acid.

§ 749

Starch is one of the conftituent parts in all mealy,
farinaceous feeds, fruits, roots, and other parts of
plants. = Of thefe the fiecule of the ancients for
medicinal nfe are an example. They are merc
ftarch; as for inftance, the fecula of wake-robin
(radiz ari, aronis); of bryony (bryomia alba);
the farch of potatoes (folanum tuberofum ); of
Jago, from the pith of the palm /landanwm ; the
cqfarjcz of the Americans, from the munioc-root
(jatropha manihot). The falep roots, from a
fpecies of orchis, confift for the greateft part of
ftarch.

§ 750.

Our common ftarch is made from wheat. It is
not neceffary that the grain be firft bruifed in mills.
The entire corn, well cleanfed, i1s foaked in cold

* water until the hufk feparates;.and the grains, hav-

ing become quite foft, give out by prefure a milky
fluid.
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fluid. . The grains are then taken out of the water
by mansof a vae, put into a coarfe linen fack,
aﬂétmnsferred into the ‘reading-tub; where. they .

“are trodden, aftex cold w.,ter has been pourcd upon
them. e

By this operation the ftarchy part is walhed out,
and minghing with the water makes it milky. The
water 15 now drawn off, running through a fieve
into the fettling-tub. Frefh water is again affufed
upon -the grains, and the {ame operations con-
tinued, till the water in the treading-tub is no
longer rendered milky. The ftarch here' precipi-
tates by repofe from the water that held it fuf-
pended ; during which, efpecially in a warm fea-
fon, the mucilaginous faccharine matter of the
flour (§ 747, note), that was diffolved by the water,
goes into the acetous fermentation. From this
caufe the flarch grows ftill purer and whiter.

The water is next let off from the ftarch, which

Is feveral times more wathed with clear freth water;
the remaining part of which is fuffered to drip
through linen cloths fupported by hurdles, upon
which the wet ftarch is placed. When the ftarch
has fully fubfided, it is wrapt in and wrung between
thefe cloths, er prefled, to extort {till more of the
remaining liquid. Tt is afterwards cut into pieces,
which are laid in airy places on flightly burnt bricks
to be compieteJy dried, partly by the free currency
of
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~ of air, and partly by the bricks imbibing their
‘moifture. Laftly, the outer cruft is fcraped off,
" and they are broken into fmaller pieces, 3

,In the {acks wherein the corn was trodden there '
~ remain its hufks and glutinous parts; and this re-
fiduum is employed as food for cattle. '

* Albuminous Matter of P_[aﬁ_zts.

S 751L: ‘

Take fome juice recently prefled from young
crefles, or from white cabbage ; let it ftand quiet
" for feveral hours, and then pafs it cold through
filtering-paper. 1If a glafs bottle filled with this
clear and tranfparent liquor be placed in boiling -
water, the liquor will depofite a flocculent matter;
which being feparated by filtering, and walhed, re-
fembles the coagulated'_white of eggs, and for this
reafon has rightly been called the albuminous matter
(albumen) of the vegetable kingdom.—This albu-
“men, before it coagulates, is foluble in cold water,
and of an infipid tafte. In heat it coagulates, and
this coagulum is infoluble in hot as well as cold
water. In fpirit of wine it alfo coagulates, and is
fikewife infoluble. Alkalis and liquid ammoniac

diffolye it. P k :

§ 75%



306 < Conf. Pztr!&‘ .cy'" 'Végem-bié.s‘.- [Chap. VI.

§752,

chrcroy found, by analyﬁng this fubfcancc, :
-~ every poffible agreement, as to natute and properties,
between it and the albuminous matter of the ani-
mal kmcrdom, wh1ch lai will be cxammed n 1t=
proper place '

_ 7‘3 ‘
This albumen has been met with in the Juice of
a great many plants; and if is this matter, prin-
cipally, that contributes to the formation of foum,
when vegetable juices recently prefied, and clearly
- ftrained, are reduced to a fmaller bulk by boiling.

Of Fat Oit.

§ 754

A fluid matter, 1nfoiuble In water, and capable
of feeding flame if conveyed to it by means of a
wick, may be exprefled from the feeds and kernels
of various plants. This hquid is, therefore, an oil
{oleum ). 1t is, befides, an ol of that kind which :
is not diffolved by ardent {pirit ; it {oils paper when
dropped. upon it,. leavmg a {pot which 1s not made
to difappear by warming the paper; and poffefles,
when freth and pure, a mild tafte, and ufually gives
no very perceptible fmell.---To diftinguith it from
othey
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other oils not ha.wng thofe eharalters, it is callcd
Jat ol (olewm zmgumof o).

Synonyma: Mu’:f ofl, ﬁxed azl zxfnj' Td ol foleums Auice,
[, exprgfw) ,

e § 755
In order to obtain pure oil of a good quality'tﬁc
feeds and kernels are feparated from their hard fhells
and hufks, and all other extraneous matters; they are
then bruiled, and put into facks or cloths woven
from hemp or horfe-hair;-and in thefe they are
prefled “between metallic plates, firft flowly and
gently, and afterwards more ftrongly.—But, to pro-
- mote the expreffion of the oil, the bruifed feeds are
firft expofed to the fream of Dboiling water; or they
are placed upon a low fire in a kettle fprinkled with
water, and thus carefully warmed, with diligent
ftirring, to prevent their being fcorched, and then
grefled between warm metallic plates. By mere
cold preffing the-oil can by no means be totally got
out; yet too great a heat, which would caufe a
commencement of roafting in the feeds and kernels,
" is highly detrimental to the oil.

§ 756

Fat oils are, in the beft way (by repofe}), {pon-
tancoufly purified from the mucilaginous parts that
were prefled out along with them. Refinous and

ethereal oily particles which may be contained either
An
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in the hufk or in the grain of the feeds, impart to
fome fat oils, by being d:ﬁ'@lved in thcm, colour,

tafte, and fmeli

§ 75%

Several fat oils become dry of themfelves in the
air, and pafs into the concrete ftate, more efpecially
if they have been boiled beforchand. - Others al-
ways remain greafy, and fome are {olid in the com-
mon temperature of our atmofphcre —Thefe laft are
ftyled wvegetable butters (butyra plantarum,).

To drying fat oils belong nfeed-cil, from the feed of the

Linum afitatiffimur and perenne 5 poppy-oil, from the feed

of the papaver fommiferum; and bemp-oily from the feed
of the cannabis ﬁmwa

To the oils always contiming fluid belong olive=oil (slenm

- elivarum), from the fruit of the olea europea; oil of
almonds, from the kernels of the amygdalus communis ;
rape-oil, from the {eeds of the braffica napus and cam-
2effris; ail qf ricinum, O caffor-ail; from the kernels of
the ricizus communis. :

‘The kernels of gwmz’}, beech-maft, avalnnts, hazel-nutss :
the feeds of muflard, of the fin-floaver; the kernels

* of plums, and of grapes, &c. afford alfo fat oils of
economical ufe.

Among wegetable butters are reckoned utter of cacao,
from the kernels of the thecbroma cacas; oil of laurels,
from the kernels of the Jewrus nobilis; and il of nut=
egs, from the nuts of that name.

§ 758.



Chap. VI.] - Fa 0il. 399

§ 758.
- Fat oils do not boil unlefs in a frong heat, which
" is eftimated at 600° Farenh. They undergo thereby
a decompofition. They are inflamed only at a heat
fufficient to volatilize them.

N :
Fat oils burm with a flame. If oxygen gas has

no fufficient accefs to this flame, it throws out a
foot (lamp-black ), whxch is the unconfumed coal
of the oil. Hence, in Argand’s Jamp, the oil con-
tinues to burn away without foot or fmoke as long
as the air can ftrike, unimpeded, through the axis
or cavity of the flame; and aqueous vapours and
carbonic acid gas are generated.— According to
Lavoifier’s ftatement, 321 parts of oxygen gas are
extricated from 100 parts of olive-oil on com-
buftion, and 140 parts of water, and 281 of car-
bonic acid gas are produced. He infers from this,
that this fat oil confifts very ne&rly of 79 parts of
carbon, and of 21 of hydrogen

§ y6o. :
Notw:thﬁandmg this, the fat oils contain alfa

fome oxygen; for, if they be diftilled by themfelves,
they yield, befides catbonated hydrogen gas and.
much empyreumatic oil, likewife carbonic acid gas,
and a fmall portion of  empyrewmatic acidulous
philegm, neither of which can be formed except by a
fhare of oxygen. '

OF the oil of bricks (oleum pbzley phorum ).
o OF Scheele's faveet fubffance in fat oils.
3 § 761
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§ 761.

By age, and carelefs keepmg n warmth even the .,
very mildeft fat oils grow rancid, and are tainted
with a fharp tafte and bad fmell. Thofe are peculiarly
~ liable to this depravation whlch have been preffed
with too great a heat, or have been in fome man-=
ner roafted. The ufual condition of our oil-mills,
- and of the apparatus made ufe of for the expreffion,
is the caufe that many feeds and kernels, which
otherwife would yicld an oil of good flavour, afford
fuch as at their very produ&ion is ranmd and of 2
dxfagreeable {mell and tafte.

§ 762.

The principle of rancidity in oils lies in the accefs
of oxygen from the atmofphere to their hydrogen
and carbon (§ 759); whereby an acid begins to be
formed; and the nature find mixture of the oil is
altered.

§ 763:

Fat oils and water have no chemical affiriity witli
cach other; and oil is never diffolved by water. But
an oil may be intimately mingled with it; and then
a milky-white, untranfparent fluid. is formed, which
is called an emulfion. This vegetable milk, as it
were, is prepared by triturating {uch feeds as con-
tain a fat oil with" water, and {queezing the latter
again out from the mafs.—Agrecably to the different

' nature
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nature of the feeds, the water may alfo diffolve 1’#-_
riouss other extrattive matters prefent in them,

o, W

764 g xioi
Reﬁns and natural balfams are diffolved by fat
oils with the aﬂiﬂ;ance of heat. On mucilage, fugar,

- gluten, albumen, and flarch, thefe oils (hew no fol-

vent power.
i § 765 _
The fixed alkalis are a very aftive menftruum for

~ fat oils, and make up with them a new produét,

called joap (fapo), and capable of folution in water
and fpirit of wine. Soap is made by boiling a cauftic
lixivium of fixed alkali with a fat oil, or tallow, or
fuet, and ftirring continually, till both fubftances
are completely incorporated.—Soda yields, with.a
congealing or drying oil (§ 757); a firm and hard
{oap.. Poi-afk affords a foap of much lefs folidity,
and more greafy, unlefs muriat of foda be added
towards the end of the operation; but then the foap
is, in fact, produced by the foda.

Of the ufual foaps are: Common foap, made of tallow ;
Venetiar or Alicant, or Spanifp ficp, made of: olive-oil;
black foap, made of train-oil; and green Jaap, made of
hemp-; linfeed-, or rape-oil. ‘

§ 766.

All acids decompofe: foap, and feparate again its
oil. If, therefore, into a clear {olution of feap in
vOL. I. : pd water,
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water, or ardent fpmt, an acid be dropped a tur-
bidnefs takes place, and the oil is fgparatcd But
this laft no longer exhibits its former propertxe=
for inftance, it diffolves now, totally or in part, in
{pirit of wine. thnce it follows, that the action

of the alkalt upon | the ol has altered lts mmturc-

( § 759 feq ) :
- § 767

All ammoniacal neutral falts, and hkemfe the
middle ea.rth}r and metalhc falts, decompofﬁ foap

: -§ 768.

Various waters obtained from fprings, or from
 zoells, for this reafon diffolve foap only imperfectly,
or rather they decompofe it. ~ Such are called haerd
waters; but, on the contrary, thofe are called /of?
' wafers which are free from all earthy middle falts,
- and diffolve foap completely. - On this account fpiri¢
of Joap, or a felution of foap in {pirit of wine, Is
employed as a re-agent to difcover, whether a water
be of the hazrd or of the foft kind.

- § 769
Though lzguzd ammoniac, by agitation and tri-
turation, unites with fat oils to a foap, yet this com-
bination is not {o perfe¢t as that with fixed alkalis.
This ammeniacal foap may, neverthelefs, by means
of double affinity, be procured in greater perfetion,
if to a folution of a foap made with fixed alkali,
e _muriat_
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muriat of ammoniac be added, and the flocculent
matter that falls down be feparated by filtering.
, § 770

_ The preccdmg foaps are compnzed under the

name alkaline, and are thus diftinguithed from
earthy foaps; inafmuch as feveral earths are ca-
pable of a chemical combination with fat oils. Lime-
water, for example, decompofes the folution of
common foap, and forms a flocculent precipitate;
which is a combination of fat oil with lime, and
hence a calcarcous of lime-foap. When dricd, this
earthy foap is friable; fufible in heat; not foluble
in water, but diffolved by {pirit of wine if affifted
by heat, Acids decompofe it.—This calcareous
foap is alfo obtained by combining the folution
of common foap with an acid folution of lime.

§ 771
In a fimilat way magnefian, argillaceous, and
barytic-foap, are prepared according to Berthollet;
namely, by mixing the folution of common foap
‘with the refpe@ive aqueous folutions of the fulphats
of magnefia or of alumine, or of muriated barytes.

) -§ 172, :
Sulphuric acid, as ‘before obferved (§ 431), is
decompofed, and converted into fulphureous acid,
by fat oils; br—:c&fe a portion of hydrogen and car-

bon, whick- are  tlie Tadicals. 'of fuch oils (§ 759
od 2 deprwe
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deprive the acid of part of its oxygen, and take
poifeﬁion of it. The fat oil is by this- decompoﬁ- :
tion likewife changed with regard to its conftituent,
‘mixture; it becomes a refin, obtains a firm con-
fiftence, affumes a dark colour, and is rendered fo-
_ lnble in alkohol.—Such kind of refin has alfo-been
denominated an acid foap.

9 773

With equal facility is the nitric acid decompofed
and transformed into nitrous gas, by fat oils (§ 515).
Here again, as in the foregoing cafe (§ 772), the
hydrogen and carbon of the oil rob the acid of a
part of its oxygen. ‘The oil is alfo changed into
a true refin. By very concentrated nitric acid the
fat oils, efpecially thofe of the drying kind (§ 757),
may be brought even to fpontancous inflammation,
as will be mentioned hereafter, on treating of ethe-
'real oils. ; '
: S5 4

Muriatic acid acts but little on fat oils; but by
oxygenated muriatic acid they are thickened.

P RS
Sulphur is perfeé’cly diffolved by fat oils with the
affiftance of heat.. This folution of fulphur:in oils
15 called balfam. of fulphur (balfamwn fulphuris).
It is thus prepared :—A fat oil is heated in a pan,
-and powdered fulphur is then put into. it by de<
. : / grees,



'(;hap.- VL] oS BbeRs G 485
grees, and with unintermitted ftirring, The mixture
is;very apt to inflame {pontaneoufly. The colour
“of this: fulphureous balfam is brownith or reddih ;
its odour is difagreeable; its tafte rancid and fharp.
If the oil has been completely faturated with ful-

phur while hot, the mixture is afterwards tenacmuc.
and firm when cold.

y. 776-
Balfam of fulphur ated upon by heat developes

fulphurated hydrogen gas (§ 449) mixed with car-
bon. That balfam is obvioufly a combination of
three fimple inflammable fubftances; of fulphur, hy-
drogen, and carbon; which, in this union, attract
oxygen more ftrongly than when fingly each by it-" - -
felf. For this reafon the oil grows rancid, even
whilfl the balfam of fulphur is preparing.

E lé'ﬂic Refin.

S 777

The: elaftic refin, caoutchouc (refina elafiica), is
a leather like, contractile, and, in moderate warmth,
very. diftenfible matter, which is not diffolved by
water, nor by fpirit of wine. It iffues from a tree
of South America (the caoutchoua elaflica), by
incifions made on it; is a vifcid, milky-white li-
quor, which, by abforbing oxygen from the atmo-

fphere, gradually pafles into the ftate of folidity.
DG Moulds
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Moulds of clay, in the form of balls, are bruthed
over by layers with this juice till the eover has ob- L
tained a_certain thicknefs. In this ftate it s fuf-

fered to dry in {olar heat, and fmoke; after which
the moulds are broken, and their earthy matter
fthakeén out of the r"e‘ﬁhuus,bottle thus formed.—

. This matter feems to exift in various, even indi-
genous plants,

§ 778 g
The elaftic refin is foftened by heatl_; ‘it melts ag
laft, fwelling up, and fpreading an unpleafant odour.
On congealing again. by cold it remains fticky or
adhefive, and never recovers its former elafticity. I
may be fet on fire, and burns with flame. - '
e
When diftilled, -this fefin yields ecarbonic acid
g3s, hydrogen gas, an empyreumatic oil, and am.
moniac. There remains but a trifling quantity of
coaly matter, which affords no alkali by being burnt
to afhes.—Hence the radicals of this fubftance arc
carbon, hydrogen, azot, and oxygen, e

. §.4780. - :

By fat oils the elaftic refin is diffolved in heat ;

and in this fiate wax alfo combines with it. Ac-

cording to Berniard and dchard, the cauftic alkalis
have no folvent power on it in the humid way,

§ 781
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§ 781,

TO-g1V3" the elaftic refin any fhape defired, “its
folutlon n vitriolic ether has been found very con-
vcmcnt, as, after the evaporatmn of that fluid, the
- refin is left with all its original elafticity.—For the,
fame purpofe the rectified petroleum has alfo been
employed by Fabroni, as equally effectual, and much-
cheaper.—Another ftill more convenient ' method,
without diffolving the refin, has been recommended

by Grquart )

- # A bottle of this refin is cat in narrow flips, which are
foftened in ether or in warm water; they are wrapt
round the mould, prefling the edges together, and

" fecuring them with ribbons and pack-thread twifted
round. When dry, the mould is taken out, which i is
fac:htated by foftening in warm water. Annal. de
Chym Tome XL page 143, feq —Edir.

 Ethereal Oil.

§ 732
f from a vegetable body that poffefles a ftrong
{mell, not cafily paffing away by rubbing the plant
between the finger, a fufficient quantity of water be
diftilled, the water is impregnated with that odour,
and the vege;able matter lofes it. Such water is
called difilled water (aqua abfiractitia, defiillata).

pda : § 783:
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§ 783 S

Bcﬁdes, if for th1s operation a fufﬁcmnt quantlty
of the vegetable {ubftance is employed, together_ '
with the diftilled water, therc will rife an oil effen-
tially dtﬁ'erent from fat 0115 —The difference of
this oil from any fat one is evident from its vo-
hhhty, fhewn by its coming over into the re-
celver ; 1rom 1ts leavmg no trace or grealy fpot on
paper upon which it is dropped, and afterwards
warmed ; from its penetratmg {mell, agreeing in
every refpe&t with that of ‘the plant from which
it has been abfiratted by diftillation; and laftly,
from its being foluble in {pirit of wine.—This kind
of oil i is called ethereal oil (oleum ether eztm)

Synonyma: Folatile oil (oleurm wolatile S5 feented. oil olezmz
odorum); - diftilled il (olewn deftillasam) ; effential oil
(oleum gﬂfwzrzale )

§ 784

Ethereal oils are obtained fometimes from all the
patts, fometimes only from forme partxcular parts
of the plant; ‘as the roots, bark, leaves, flowers,
petals, flower-buds, peels of fru:ts, {eeds, the native
balfams 4nd gum-refins; and they. are in thefe va-
rious parts fometimes of a different nature in- one
and the fame plant. The quantity of ethereal il
obtained from different plants, or. their parts, is
variable, and a]ways fmall in regard to the vegetable

matter
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matter employed. This accounts for the high pnce
of feveral of thcf'e oils.

‘In W‘egle&’: Cbmzﬂry, tranflated by Hopfon, or in the
New Edméwrgb Dijpenjary, 1797, the reader will find .
tables ftating the quantity of ethereal oils, obtained by
different chemifts from a determinate quantity of cer-

. tain plants —Edit.

§ 785

The fmell of ethereal oils is penetrating and
ftrong. Yet it is"not every highly odorous plant
that affords much oil; even from fome, as lilies,
May-flower, and vielets, no ethereal oil can be ob-.
tained, notwithftanding that they give a perfumed
diftilled water. The tafte of sthereal oils is com-
'monly tharp and Jmtatmg

§ 486.

Moft ethereal oils are fpecifically lighter than
water, and float upon it. But fome are heavier,
and fink to the bottom; fuch as feveral procured
from aromatic plants of hot regions: for inftance,
the oil of cloves, of cinnamon, of faffafrafs-root.—
Again, fome ethereal oils are very thin and fluid,
and do not aflume the folid form at the freezing-
point of water ; ‘others thicken much {ooner, of which
the-oil of fennel and anife-feed are an example; and
others, as the oil of rofes, have, even at the common
temperature, the confiftence of tallow.
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s 787 Hilh

The colour of ethereal oils is varmns * Some are
colonrlefs, as thofe of turpentine; fennel, anife, and
rofernary, forme are yellowifh, -as the oils of cara-
" way-feed, of cloves, of cinnamon, of lavender; fome
are of a brownifh hue, as thofe of wormwood, ori-
ganum, and thy:r{eJ fome few are greenifh, as caje-
put ofl, and that of milfoil; or blue, as. that of
camomﬂc : e

J § 788

Water afually diffolves a part of the etherea! oil
~ on ‘being diftilled from the plant, and receives

‘thereby both tafte aud finell. * Oaly that portion
of oil which the water is not able to diffolve fepd-
_ rates by itfelf. Therefore, if every other cireum-
ftance be alike, lefs oil 1s obtained in proportion as
water is more copioufly employed in the diftillation.
- The folubility of ethereal oils in water feems, how-
ever, to admit of various degrees; and feveral fra-
grant plants yield no feparate oil, becaufe it is all
diffolved by the dlﬂxlhng-water

§ 789:
g Thediftillation of cthereal oils, and diftilled waters,
1n great quantities, is performed in the common fill

(§ 116).

F r_e[h]y-gat‘here'd tender plants, herbs, andfﬁowers,
of a loofe texture, are ufed entire.  Hard and folid
bodies,
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bodics, as wood, roots, bark or rinds, are prepared
by a proper conc1ﬁon ‘Previous foaking. in water,
or maeeratlen 1s neceﬂ'a.ry, only when. by it fuch
parts can be made to fink, as otherwd'efby thclr

levity, would fwim on the top, and are apt to fwell
aﬂd rife into the head of the fill,

The quantity of additiona.l water cannot be welt
fixed by a general rule; it muft, for every particu-
lar cafe, be found out by experience. In the diftil-
lation care is taken that the fluid do not pafs over-
warm, or too hot, left the oil evaporate. , The
water in the refrigeratory is kept lefs cold only
when thofe oils- are diftilled, whxch eafily grow fiff
or coagulate in the cold. The: operation 1s dif-
continued when the water coming over is no longer
mllkV, or when.it nolonger exhibits the tafte and
fmell of the body fubjected to diftillation.

The water diftilled, together with the oil,
poﬁlred into narrow-necked bottles, which are well
ftopped, and where it is left flanding to give the
oil time for feparating; and this feparation of the
oily particles adhering to the fides of the veffel is
promdted by gentle agitation. Laftly, the ol is
taken off by a fyringe; or, by means of a cotton
~ wick, it is drawn over into the bottle appointed
for preferving it. By dipping the fhorter end into
the oil, and inferting the longer one into the bottle,

this
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this wick acts as a fyphon.  Oils that fink in water
are pafted by a {eparatory funnel (§ 135) o

Some ethcreal Dﬂs, as the oleum &rgamﬁe, and aleztm de
,a-&a, are obtained by exprefion; the firft from the
“freth peels of oranges, the fecond from Jemons.—In
Italy, and fuch countries Where thefe fruits abound,

and where thofe oils are procured ia this way, they
arein general better. '

=

: Another method of parting the oil f’rom the water is .
by the feparatory glafs (rec:pzent Imlm:) (§ 13 :,) —
“Editor, :

8 790

Waters rccently diftilled are ufually infected w1th a
burnt and herbaccous {mell and flavour, but become.
_more pleafant by time only, if kept ina cool place.
To procure them in-the moft perfect ftate, the vege-
table matters thould not be brought into immediate
conta&t with water, but they fhould be inclofed in
a linen bag hung up in the ftill, in fuch a manner
that they are penetrated merely by the vapours of
the boiling water. —By this method the diftilled
waters are not in the leaft expofed to become em-

pyreumatic.

A7 |

e component parts of the ethereal, like ‘thofe

of fat oils (§ 759), are carbon, hydrogen, and pro-
bably fomewhat of oxygen. But, of courfe; thefe
‘tadicals do not bear in the ethercal oils the fame
proportion to cach other, by which they are united -

5 : in
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in fat oils.—On combuftion in oxygen gas they
give more water than the laft; and “they are alfo
" eafier inflamed.  The coal, which is left. behind in
only a very fmall quantity, is the foot of their
flame, and is a very pure coal, without any- trace of

fixed alkali.

§ 792. .

: The nitric, the fulphuric; ‘and -oxygenated mu--
riatic acids, are with' great rapi&ity deprived of part
of their oxygen by the ethereal oils; and thefe oils
themfelves are thereby converted into refins.

9§ 793

If, to half an ounce of .oil of turpentme con-
tained in a crucible, two drachms of ftrong fulphuric
acid be mixed, the mixture quickly ftirred with a
glafs-rod, and then fome concentrated nitric acid be
immediately affufed, a fpontaneous, very lively, and
fudden inflammation takes. place; and that part of
the 4011 which has grown refinous, burns with a
blazing flame. —The experimept fucceeds alfo with
empyreumatic and drymg fat oils (§ 773)-

Confult § 174, noteg.

§ 794
Ethereai oils likewife take up oxygen from
the atmofphere; and for this reafon they will be
depraved, if not preferved in well-clofed vetfels.—

1They lofe, in time, by that abforption, their pecu-
: < har
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liar odour more and more; they become tenacious
and thick; and are finally transformed-into-a true,
“firm refin; and it 1s at laft impoffible to diftinguith
ethereal oils from one another; aftcr they have been
fpoiled by age.

. ‘§ 19‘5

From th:s it has been erroneouﬂy concluded
that the ethereal oils confift of two proximate con-
ftituent parts; of a pemhar, volatile, fubtile matter,
* which has been called Jpiritus rector, principle of
odour; aroma; and of another groffer, refinous part,
ferving as a receptacle to the former.—It was alfo
inferred, that upon the firft of thefe two the odour
of plants and ethereal oils depends ; that the odor-
ous principle is by itfelf foluble in water; that the
depravation of any ethereal oil confifts in the lofs
of that principle; and that many fragrant plants
cannot yield an ethereal oil in the feparate I’cate,
but only an odorous water, becaufe _they do not
contain: this refinous part, which is the abode, as
it were, of the {piritus re&ar.

But whatever may be imputed to this edorous
principle is rather the exclufive property of the
ethereal oil 1tfelf, confidered as fuch ; and the refip,
into whick fuch oils are changcd on their {poiling,
1s a produ& (§ 794), and did in no manner exift
in them before.—The generation “of this refin refls
on 2 principle fimilar to that of the rancefcence of

B3 - fat
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- A2t oils; namely, the alteration in their mixture by
.\tlle__acceﬂiian of oxygens; which is alfo placed be-
* yond doubt, by the paffing of ethereal oils into the
refinous fate, caufed by nitric acid (§ 792).

g § 796

The ethereal oils. difiolve fat oils, refins, natural
balfams, and elaftic refin.—All the refins, however,
are not with equal eafe diffolved by thefz oils. Copal, -
for inftance, is belt diffolved by oil of rofemary.

- Lac-varnifies with ethereal oils.

Falfificatien of ethereal by fat oils.

§.797-

With fixed alkalis the ethereal oils combine into
a foap, but with much greater difficulty than fat
oils. To thele ethereal oily foaps (fuvonules, by
the French) belongs Starkey’s foap, made of pot-
ath and oil of turpentine.—The beft way of pre-
. paring it is by digefting in a matrafs (§ 78) one
part of cauftic vegetable alkali, with four parts of
oil of turpentine; and then diftilling the oil from
it with a low heat, and cohobating it (§ 115) as
often as may be neceflary, till the falt has com-

pletel_y acquired the faponaceous nature. '

§ 798; %
Liquid ammoniac difolves, in diftillation, the
eihereal oils, though but fparingly. :
§ 799
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§ 799

Sulphur may be diffolved by ethereal oils with
the affiftance of heat. The produ& of this com-
bination 1s a kind of fulphureous balfam (§ 775),
of a ftrong offenfive {mell and tafte.—Great pre-
caution is neceflary during the digeftion, on ac-
count of the inflammable vapour thence arifing.
From its folution, faturated in heat, a part of
fulphur {eparates after coolmg n tranfparent cryf-
tals (fulphureous ruby).

Of Camphor.

; § 8o0.

Camphor ( camphora) is a concrete, folid, white,
tranfparent fubftance, poffeffing a firong, penctrat-
ing {mell and tafte, and fo volatile as to exhale
entirely even in moderate or fummer “heat. It
may eafily be ignited, and burns with a flame;
but depofits, on combuftion, a vaft quantity of
foot, ‘yet without leaving any refidue. It melts in
heat, but hardens' again by cooling. Water has
no folvent” power on camphor, though it receives
from it its ftrong fmell. Spirit of wine, on the
contrary,” diffolves it. The fpecific gravity of cam-
phor is 0,996. -

§ 8or.
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| § 8or.

Camphor, as ufually fold, is brought to us from
Japgx_l;-_ obtained from a tree (laurus camphora)
growing there ; from the roots, leaves, bark, wood,
and branches of which it is extrafed by diftillation,
on boiling thgfe_ parts with water in a kind of
ftill. Camphor thus obtained (raw camphor) is
i;npurb; and is farther refined in Europe, particu-
larly in Holland, by {ublimation, in which it re-
ceives the fhape of convex cakes.—This purification
might alfo be done by folution in fpirit of wine, its
fubfequent precipitation by water, and by fufion in
glafs veffels.

§ 8oz.

Many other plants contain true camphor; and it
abounds more than was formerly believed in the
vegetable kingdom. Such is the camphor of Su-
matra (baros) from the lauris Sumatrenfis; the
camphor of the roots of galangal (marantha ga-
langa), zedoary (amomum zedoaria), ginger (amo-
mum zingiber); of the feeds of cardamom (‘aro-
mum cardamomum), and cubebs [ piper cubeba, or
caudatum).—Befides, many European vegetables con-
tain real camphor in their ethereal or volatile oils, as
thyme (thymus vulgaris); the T0OLS of {weet-flag
(acorus calamus), of meadow-anemone ( anemone
pulfatilla, or pratenfis); of fage (falvia officinalis/,
of hyfop (hyfopus officin)s of mother of thyme
(thymus ferpyllum), of peppermint (mentha pt-

voL. 1. : E e peritia),
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peritia), of rofmary (rofmarinus officin), and
others.—Prou/t has extratted it plentifully, by in-
fénﬁble e};halation, from the oils of lavender, rofe-
mary, origanum or pot-maqoram, and Jage, at
Murcia in Spain. '

§ 803. .

In all probability camphor confifts merely of car-.

bon and Vhydrogcn.. - But experiments are_yet want-

ing, with refpe& to its combuftion in vital air, to

afcertain with accuracy the quantities of thefe radi--
cals, as contained in this inflammable {ubftance.

§ So4.

Camphor is copioufly diffolved in the cold by
concentrated fulphuric acid, without effeting a per-
ceivable decompofition of that acid; only, when
heated, {ulphureous gas is raifed, together with the"
vapours of camphor. Water f{cparates again the
camphor unaltered from the folution.—If the oxyd
of manganefe be added to the mixture, the camphor
is converted into. the acetic acid, and thé {ulphuric
acid is changed to the fulphureous, as was obferved
by Doerflurt. :

.§ 80s.

Concentrated nitric acid diffolves the camphor
plentifully and with eafe, and quietly without pro-
duction of heat, and without being decompofed.
By repofe a fluid feparates on the upper part of the
clear, and limpid folution, which has the colour and

confiftence
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confftence of oil of almonds, and is called oil of
camphor (oleum camphore acidum). This fluid is
foluble in alkohol; but by adding water it grows
turbid, and the camphor is precipitated.

§ 8o6.

Kofegarten has {ucceeded in decompofing cam-
- phor, by repeatedly diftilling perfet nitric acid from
this fubftance.—He has by this proceeding extracted
from it an acidulous falt, which after him was re-
ceived into the fyftem as a peculiar acid of the
vegetable kingdom, ftyled camphoric-acid—How-
ever, Doerffurd has proved that this pretended
camphoric acid is perfeétly the fame with the ben-
zoic.—Nor is this acid an edué obtained or fepa
rated from the camphor by the procefs, but a
product at that time generated,

§ 8o7y.

Camphor is diffolvable by fixed or fat oils, as
well as by the volatile or ethereal. It alfo combines
with refins and balfams, making them adhefive and
glutinous.

; § 8c8.

Alkalis do not unite with camphor; they have no
affinity with it; and at prefent no genuine campho-
raceous foap, procured by dire& immediate com- -
bination, 1s'known.

Bez . § Bog.
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§ 809
By fuﬁon in gentle heat camphor umtes with ful-
phur, and produces with it a fubﬂ:ancq brittle an.d
friable in the cold, but tough and tenacious in
warmth.  Camphor is likewife diffolved in the
humid way, by alkaline fulphurct (§ 442), 1f al-
{ifted by heat.

3

| Aecrid Vegetable Matter.

‘§ 810.

Several’ vegetables, or their pairts, “which are
otherwife inodorous, or emit but a weak fmell,
excite a local inflammation, if applied for a while,
in their frefh ftate, to the fkin; but lofe this faculty
by drying. When recently gathered, and inwardly
taken, they produce poifonous effe@s. Of this
kind are the frefh roots of fyuills (feilla mari-
tima); the leaves of four-glove (digitalis purpurea);
of wild anemone (anemone nemorofa); of virgin's
bower (clematis erecta); of wolfsbane, or monk’s
hood (aconitum cammarum);. the roots of blue
~orris (iris germanica) y of afphodel, or king’s fpear
(afphodelus ramofus); of meadow faffron (colchicum
aulumnale); of white bryony, orwild vine (bryonia
alba); of wake ropin (arum maculatum); and the
fruits of wild cucumber (momordzca clatfrwm)

§ 811,
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§ 81r1.

~ Since thefe pla.nts, by having been, durmcr a fuf-
ficient time, well ‘dried, lofe their {harpnefs or
acrimony, and the effeéts on the ]ivi'ng body thereon
depending, it appears that the fubftance, which gives
rife to the violent irritation caufed by them, 1s of a
volatile nature ; as is confirmed by its being com-
municated to water and fpirit of wine, abftraed
from them by diftillation.  As, therefore, thofe
plants contain no effential, oil, no eamphor, and in
general none of the volatile principles that have
hitherto been the object of our enquiries, we can-

not with propricty hefitate, to acknowledge this
volatile matter to be a particular proximate con-
ftituent part belonging to the vegetable kingdom,
and to diftinguifh. it from other principles-of that
kind by the name, acrid matter of plants (materi ia.
acris plantarum).—Its action is not dc{hoyed by
acids nor by alkalis, and 1s not ammoniac, in any

form,
§ 812.

In plants which are called antifcorbutic, for in-
ftance, in feurvy-grafs, water-crefles, gatlic, onions,
horfe-radith, common radifh, and the feeds of
muftard, this acrid principle is combined with
oleaginous particles of the ethereal kind, and 1ts
effects, it feems, are weakened by this union.

B¢ 3 - § 813
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§ 813,

 From plants furnifhed with this matter, we muft
decnmmate thofe which, outwardly applied on the
living body, caufe, in fa&, a lpca.l ;nﬂammauon,
but are not deprived, by exﬁccgtion? of. this power,
which rather originates from their refinous parts.—
Such are, euphorbium, or wart-wort (cuphorbia
keliofcopia); various parts of feveral fpecies of the
daphne, of the guinea-pepper (capficum annuum),
- of the pellitory of Spain (anthemis pyrethrum), &c.

Narcotic Matter of Planis.

- § 814,

The narcotic, foporific, or flupef: fying matter of
plants, is, by its attion on the living body, effen-
tially different from their acrid principles and the
venomous propcrtlcs of feveral plants which depend
on it, manifeft themfelves in quite a different way,
Examples of fuch plants are, -opium (papaver
Jomniferum); the leaves of the cherry-laurel (prunus
lauro-cerafus) ; of the deadly night-fhade (atropa
belladonna); of the thorn-apple (datura firamonium);
of the common black henbane (kyofcyamus nizer);
of the wild rofemary, or marfh andrameda (ledum

palufire), &e. : -

§ 813
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§ 81;.

The narcotic principle of plants is volatile, and
is diffipated by the decoftion of vegetables that
poffefs it. In fome of them it is- united with an
ethereal oiI.-—Imiother're-fpe&é‘ we are as’ yet -very
little acquainted with its nature, and the mixture
of 1ts radicals.

Fibrous Part of Vegetables.

: § 816. .

After all the immediate component parts of plants,
related under the preceding heads, are feparated,
there ftill remains a refidunm, which reprefents in a
certain way the fkeleton of the plant, and is diftin-
guithed from the others by the name of fibrous or
ligneous part (materia fibrofa plantarum). This
matter has hitherto been too much neglé&ed, but
deferves. to be ftudied more attentively, as oné of
the proximate conftituent parts of the vegetable

kingdom.

The fibrous vegetable matter is infoluble in water,
in fpirit of ivinc, in oils and alkalis; but it is de-
firucible by concentrated fulphuric, nitric, and,
oxygenated muriatic acids. It is moreover com:
buftible, and may be decompofed by heat; giving
then hydrogen gas, and carbonic acid gas, befides

an acid fpirit, and an empyreumatic oil. It al_fo
EC 4 contaips
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contains a large quantity of carbon. The denfity,
“or quantity of matter, contained in a certain volume
of this fibrous part, is variable in different plants
and their parts. It is moft abundant in all the
feveral fpecies of wooed; lefs in herbs,—Flax and
hemp, after all other- principles capable of extrac-
tion have been removed, are fit fubje@s for under-
taking an experimental enquiry into its nature,

Eztracts from Plants,

, § 817.
- If certain parts are feparated from the plants by
a proper menftruum, and brought within a {malley
comp-a{'s by evaporating the f{olvent, the remaining
fubftance is then ‘called an extract (extractum),
(§77.) | e

§ 818.

The extradts of the fame plant differ from cach
other according to the various nature of the extract-
ing medium. For this purpofe either water or
alkohol, or both, are made ufc of, Water diffolves
acid-faline, f{weet, bitter, mucilaginous, aftringent,
ethereal-oily, acrid, ‘and narcotic parts. Spirit of
wine diffolves tefinous, fweet, aftringent, ethereal-
olly, camphoraceous, acrid, and narcotic parts.
There are, however, feveral principles, which by
themfelves are infoluble in water, and. fpirit of

e i  wine,
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wine, yet may be diffolved in either menftruum,
when combined with other matters.

§ 819,

In confequence of thefe phenomena, extra&s-are
divided into aqueous or gummy (extracta aquofa,
gummofa) ; [pirituous or réfinous (extracta [piri@
tuofa, refinogfa) ; and, laftly, mized, or of both
kinds together [extracta mizta).—In this place we
can only treat of the firft fpecies,

§ 820,

Since the etheseal oils, the camphoraceous, acrid,
and narcotic principles fly off, and are loft by de-
coction with water, and fubfequent evaporation of
the folution; which procefs, in the prefent point of
view, is called extrattion, it is obvious that vegeta-
ble matters, whofe efficacy is owing to thofe mat-
ters, are unfit for making extrats from them.
Under fuch circumftances it is better to employ the
infufion itfelf (§ 78.), without evaporating it.

§ 821,

The way of proceeding, in the preparation of .
common extracts, is to reduce the vegetable body
to {mall pieces; to boil it with water; to repeat
this boiling feveral times with frefh water; to ftrain
the decofion; to let it grow clear by ftanding ;

and Iaftly to evaporats it with a moderate heat, until
: it
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it isof due confiftence. Towards the end of the '
evaporation particular care is to be taken, that the
extract be not tainted with empyreuma.

* Of the extrafts of La Garae.

1§ 1872.

~ Another method of making extracts is, by infpife
fating the juices exprefled from plants recently col-
leCted: ‘in other words, by reducing them, by a
gentle heat, to the thicknefs required.  From what
we have faid of the proximate conftituent. parts of
plants before treated of, there can be no doubt but
that extradts, prepared in this manner, may often
confift of parts quite different fromy thofe that are
contained in extracts made by the deco&ion of dry
plants (§ 821).—The infpiffated juices of fruits,
.and of fome [weet roots, areadenoted by the term
700. o '

. Fegetable Pigments.

General Principles of the Art of Dyeing.

. § 823 |
A great number of plants, or their parts, coms-
-municate their colour to. water, employed for their
extraction by. i-nfuﬁon or decodtion, and “alfo to any
other {uitable extratting medium.  The extractive
principlewhich imparts the colour, is named colouring
s o maiters
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- maltler, ot pigment, to diftinguifh it from that per-
ception which we call colour.

§ 824.

‘The art of dyeing *, or the art of imbuing ﬁuffs :

with various pigments afforded by. the vegetable,

mineral, and animal kingdoms, is a particulas branch

of the technical or app]xed cherm{’try, and is wholly
dependent on chemical principles. .

* This branch;, fo effential in manufatures, has been,
after Hellot, Macqmr, an®l Poerner, treated of in a
mafterly manner, according to the principles of mo-
dern chemiftry, by Berthollez, in Elements de U'drs dt

_ JaTeinture, Paris, 1791, 2 vols.; and lately in Eng-
land by Dr. Bancroft—Ed.

- § 825

The pigments of the vegetable kingdom are not
particular component parts of a peculiar kind, re-
quiring to be diftinguifhed frem thofe which we
have already examined; but they belong fo one or
the other, or they are a mixture of feveral. They
are diﬂihvuifhed from the others by nothing elfe
but by having colour; this, however, does not
juftify the confidering thcm-as diftin¢t rad1ca.ls

§ 826,

The manner and caufe by which pigments excite
the pchCPtlon of celour 1s'an och& the invefti-
gatlon

T

2
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gation of which properly belongs to phyfics, or
natural philofophy. I only obferve in this place,
that by adopting a chemical compofition of light .
(§ 189. 190.), and its decompofition by the pig-
ment, it may be fatisfa&orily explained why the
latter exhibits a colour.—But from the change of
colour produced in any body by its abforbing
oxygen, or by the efcaping of this from it, we are
not entitled to confider oxygen as the general co-
louring or difcolouring principle,

§ 827.

Such pigments as, either diffolved by water alone,
of by its combination with other menftrua, are con-
tained in the colour-baths or deco&ions, infinuate
themfelves into the furface, or even into the fub-
ftance- of the ftuffs, tinged by them, and are
confequently thus feparated from the water. - It
muft therefore be granted that there fubfifts an
attraétive power among fuch ftuffs and the pigment,
greater than that, which the folvent medium has for
the pigment. :

§ 828,

“But the nature of the ftuffs to be dyed caufes a
great diffcrence in their attraction for pigments.—
Thus it is known by experience, that wool takes
the colour, or may be dyed with moft eafe, filk
with more dliﬁculty, {bll more fo linen cloth, and
sotton. Hence various preparafions and treatments

' of

A
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of the ftuffs become neceffary, to make them fit for
receiving the tinge. A colour, for inftance, which

is lafting on waol, is not, on this account, likewife
- permanént on cotton; and therefore the very fame
pigment demands various procefles, according to
- the various kinds of ftuffs. -

§ 8z20.

Thofe pigments, whofe colour is fo durable as
not to' fade by wathing, or in the air, or the fun’s
1ays, or after a, great length of time is but little
faded, are faid to be true, folid, fixed, or per-
manent dyes. By the term falfe, {purious dyes,
pigments are denoted which give but little re&ft-
ance, if at all, to the aGions of air, fun, and water,
and fade by their influence, or difappear entirely.

: § 830.

Moft of the ufual pigments may, mdeed be ex-
tracted or diffolved by fimple water, yet fome are
quite incapable of fuch folution, and require the
affiftance of other (olvents to afford a colour-bath,
For this reafon pigments have been divided into
mucilaginous, refinous, glutinous, &c. But this
claffification is ufelefs; becaufe, in the prefent ftate
of knowledge, the nature of few pigments only is
well afcertained, and feveral of them are mized ex-
tractive matters.

§ 831
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§ 831.
Yet the divifion mto fulgﬁantwe and adjectwc ‘
pigments, lately propofed by Dr. Bancroft, feems
to be of pralical utility. The firft are fuch as are
taken up from the bath, by the ftuffs not previoufly
prepared or macerated. The fecond are thofe which
do not adhere of their own accord, or are not ab-
forbed by the ftuffs out of the baths, unlefs they
be firft foaked in another fubftance called a corrofive,
mordant, or macerating medium, which ferves as‘a
bond of union between the pigment and the ftuff,
"The number of the laft kind-of pigments is far the
greate& :

§ 832.

The adjeétive pigments (§ 831.) may moft fre-
quently be extracted by mere water, which they
readily lmp;egnate with their colour, and afford
clear folutions, They appeas by this to be moftly of
2 mucilaginous nature,

§ 833

The fubftances ufed to macerate the ftuffs, for
making them capable of imbibing adjective pig-
ments,. are almoft all of an acid-faline matter. Of
this clafs are, fulphat of alumine (§ 416.); acidu-
lous tartrite of pot-ath (§ 660.); the folution of *
tin in nitro-muriatic (§ 581.), and oxygenated
muriatic acid (§ 567.); the vegetable aftringent
principle
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..principi_e. (§ 719.); acetite’ of alumine; fulphat of
copper, or blue vitriol; fulphat of zinc, or white
“vitriol; acetite of copper, or verdigris; and arfenic.

§ 832.
The way in which thefe mordants exert their
efficacy, confifts partly in their furrendering a por- -
- tion of their oxygen, whereby the fubftance of the
ftuffs is altered, and hence their attraGive power for
the pigment increafed; par#ly in their changing, in
like manner, the nature of the pigment itfelf, and
making it coagulate.—On this account, the celours
of the pigments fuffer various alterations’ by thefe
intermedia, and receive various fhades, or degrees
of brightnefs, or darker hue.—Which of the mor-
dants may be beft for any particular pigment, or
defired fhade of colour, and for a particular kind of
fuuff, can be pointed, out by experience only.

: § 835 _

Blue, red, and yellow, are confidered as the fun-
damental or principal colours,—By combining thefe
with each other in various proportions (chicfly on
the fuffs themfelves, rarely in the bath), as alfo by
ufing mordants, and of thele, either acid oralkaline
fubftances, the ftuffs are tinged, not only with all
the intermediate, but alfo with various fhades of the
chief colours; and a wonderful variety- of tints is’

roduced.
Rigs Lit
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Lift of the principal dyes, or colouring fubftances,
afforded by the vegetable kingdom : '

1. Subfiantive Pigments.

1. Blue dyes: -—Iud:ga and awoad, of which hereafter in
particular: the juice prefled from the fruits of the

_ geniffa americana, which by itfelf is colourlefs, but
tinges the ftuff that it is brought wpon, after fome
time, with a fixed and lafting blue colour, the baftard
vicinus (croton tindorivm ), a tranfient (/purious) blue.

2. Red dyes :—Safflsaver, or 5aﬂ¢zm’ faffron (' éar:/;amm tinic-
% “torius), after it has Been freed Gom its yellow pig-
mentby f{calding with water. Thered pigment which
remains requires the addition of alkali to be foluble
in water; but the alkali muft again be precipitated
from the folution by an acid.. Its colour is fading.—
The leaves of the Jawfinia inermis (not yet employed);
the archil or orchal (licken rocella )5 the dyers or crawfib-
eye-lichen (licken parellus ).

3, Yellow dyes :bz!ma!.’n_(éi:}a orellana), which will be
treated of hereafter. The roots and bark of the
berberry-fbrub (berberis vidgaris): very fading,

Befides, Joguvood 8t campracky avond (haematoxylon campechia-
num) 5 brafil-avood (cacfalpinia fappar), giving a browt
ved; mut-galls (cynpidis nidus); the green hufls of wall-
mts (juglans regia); fumac (rhus coriaria); alder-iree
{betula aluns ) 5 tormentil-root ( termentilla ere@a): giving
brown and f{allow colours.

II. Addjec-
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I1. Adjective Pigmeyzfr;

1. Blue ¢olours :—Logwwood and brafil-wwoed (haematox, cam-
pech. &5 cafulp. fapp.) with pot-alh; elder-berries (  fambu-
czs ehula); awbortle-berries (waccinium. myrtillus) 3 pricet
(Jignftrum walgare); the roots of dyer's buglofs (anchufa
tinttorig) : all with pot-afh,

2. Red colours:—Madder (vubia tinfiorum); fernamboue
(lignum fernambuci), the fineft and deareft {pecies of
brafil-wood ; red Saunder’s-aveod (pterocarpus fantalinus);
the grey-blue fpotted licken (lichen faxatilis); the roots of
dyer’s buglofs (anchufa tinctoria).

.3. Yelliw colours:—The bark of guercitron (guercus

nigra); fuflic awood (morus tindoria) ; tg’yer-’: wweed (refsiia
luteolz) 5 common faw-awort ( ferratula tinfloria); turmeric
700t (curcuma longa) 3 French berries, or graines & Avignon,
(rhamnus infectorins); dyer’s green weed, woad-waxen, or
dyer’s-breom (geniffa tinforia); fenugreck feed (trigonella
frnum grecum); camomile with ferrated winged leaves
(anthemis tindforia) ; peels of onions (allium cepa); faffower
(carthamus tinsorius); narrow leaved Canada golden
rod (Jfolidage Canadenfis); French marigold (tagetes patu-
Zz), with an open fubdivided ftalk ; the feeds of meadoau-
trefoil (trifolium pratenfe); and the feeds of fuail trefoil,
or lucerne feed (medicago fativa).

yoL. I. Ff /3
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0f Indigo.

§ 836.

Indigo (pigmentum indicum) is a blue pigment,
which is_obtained as a fecula frem anil, or indigo
plant, in the Eaft and Weft-Indies.—Three {pecics
of this plant are cultivated in America; ndigofera
tinctoria, ind. difperma, and ind. argentea.” The
two laft yield lefs, but better indigo; the firft is
cultivated in the greateft quantity.—Before it blof-
foms, the ftalks along with the leaves are cut off
feveral inches above the ground; and as foon as they
have been cleanfed from adhering fand and earth by
rinfing, they are put in the /oaking vat, kept down
with wooden crofs-pieces, -covered with water, and
left ftanding in the fhade.

After a thort time, a kind of fermentation takes
p'lace, attended with {enfible heat; air-bubbles arife,
and on the furface of thé water a pellicle appears,
of a colour inclining to that of copper. Particular
attention is to be paid, that the férmentation be not
carried on too far, and pafs into putrefcence; elfe
all the indigo would be loft. Yet at the fame time
it fhould not be interrupted too early, as otherwife
too little indigo is obtained.

For
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. For this reafon a handful of the plant is every five
minute$ taken out of this firft vat; and if it be
‘found that the points are {oft and pale, or that the
larger leaves becomie faint, the greenith liquor is
immediately drawn off from the herb into the
firring vat, where it is inceflantly ftirred with
wooden crutches and fhovels to put it into ftrong
motion. During this operation the liguor lets fzll
a blue flocculent fediment, and its green tinge is.
changed to vellow. The feparation of this fecula,
which is the indigo, is- promoted by adding more -
frefh, cold, clear, and limpid water, to the fluid
contained in this {econd vat; and a greater quantity
of indigo is alfo produced by this management.

If then a portion of the liquid be taken out for -
trial, and no fediment formed; after lime-water has
been added to and fhaked with it, it is a fign that
-all the indigo is feparated.—The indigo is then fuf-
fered completely to fubfide in the ftirring-vat, and
the clear incumbent fluid is drained off as clofely
to the fecula as poffible, by cocks placed in holes
bored at different heights. After this the fediment
is laded into conical linen bags, and wathed with
cold water, which is fuffered todrip off, by hanging
them in the fhade, in wooden cafes; and thus the
indigo is completely dried.

rf2 § 837.
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§ 837.

The various forts of indigo met with in fride are
not all of equal goodnefs.—It may be divided into
three affortments; the blue, the wiolef, and the
copper-coloured. It 1s better, the purer and lighter
it 5. The beft, coming from Guatamala, is blue,
not covered on the outér furface, or when broken,
with a white cruft; and fo light, that it fwims on
water.

§ 838

Befides the anil, other different fpecies of plants
alfo yield, by a fimilar treatment, a blue fecula or
fediment, entirely refembling indigo.—One of thefe
is woad (ifatis tinctoria), which in Germany, long
before the indigo was known, was ufed for dying
blue, and is even at prefent employed, with the
addition of indigo.—For this purpofe freth leaves of
woad are collected in a dry feafon, wathed, fuffered
to wither in the air, bruifed, formed in roundith
lumps, dried, and thus fold by the name of woad.
By this procefs the leaves undergo a kind of fer-
mentation, whereby the indigo which they contain
s feparated, remaining fimply mingled with their
pulp. The want of uniformity in the fermen-
tation, throughout the whole mafs, and the uncer-
tainty with refpect to its proper limits, are the rea-
fon that the effects of this dyeing material are nei-

: ther



Cliap. VI.] Tudigo. a7

ther of a determined hue, ner can be relied on for
durability. '

'§ 839.
A true indigo may likewife be prepared from
woad, by the fame method as preﬁ:ribéd for the
indigo plant (§ 836).

§ 840.

A new plant, from which, according to Ror-
burgh’s difcovery, an indigo may be extra@ed, is
an FEaft-Indian tree, which he calls nerium tincto-
rium (rofe-bay), and whofe leaves contain this pig-
ment. - But the manner of preparing it varies from
the ufual procedure.—The indigo is extraded from
. it by hot water, and without fermentation.—A cop-
per boiler is filled with the leaves, without prefing
them down, and water affufed upon them, to fill
the veflel to within a few inches below its brim. The
matter is next quickly heated to about 1 50 or 160?

Farenh. at which temperature it is kept, with un-
abated ftirring. When the fluid in the boiler ex-
hibits a dark green colour, it is firained through a
fieve into the ftirring-vat; and” while yet warm,
agitated for fome minutes, with the addition of +% of
clear lime-water. The indigo then feparates, and
is farther treated like common indigo.

§ 841.
Of all the proximate conflituent parts peculiar to

vegetable fubftances, that we have at prefent ex-
Ffj amined,
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amined, indigo appears, with refpe&t to its mixture,
to come neareft to gluten (§ 744) or to the atbu-
minous matter (§ 751); though in fome points it
plainly thews its d]ﬁ'elcqcv: from both.

: § 842,

Pure indigo, if diftilled by itfelf, emits ¢arbonic:
acid and hydrogen-gas, and yields ammoniac and
empyreumatic o1, The refiduum of the diftillation
is a coal, of difficult icineration, which affords but
a fmall quantity of afhes, and contains fome iron.—
According to Berthollet, indigo confifts of much
carbon and hydrogen, fome azot, fome oxygen, and
a little iron, which he cﬁlmates at ¥ of the weloht
of the indigo..

§ 843. .
Neither water nor fpirit of wine diffolve mdlgo,
. both take up from it merely an extractive matter,
foreign to it, and thus leave it the purer.. Nor is
mdlgo difiolved by fat or by etherea] oils, by : the
muriatic and by vegetable acids,

§ 844. . _
Concentrated {ulphuric acid-diffolves mdlgo It
attacks this pigment with heat and ebullition, and
fulphureous gas is extricated. - The mixture has a
blackifh appearance, but becomes 3 beautiful blue
by dilution with water. This diluted {olution is in
time deprived of all its colour, and in general it may

be
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be ?'emarked, t_hat the addition of oxygen renders the
colour of it le(s durable, and makes it at laft en-
tirely difappear. :

§ 845
.Both the nitric and the oxygemated muriatic
acids deftroy the colour of indigo. According to
. Woulf’s experiment it is inflamed by the firft, if |
concentrated; but if weakened, the folution is blue,
lofes foon its colour, turns brownifh, and depofites
a flocculent brownith matter.

§ 846.
The dyers ufe various methods of precipitating
the indigo on the ftuffs.

The moft important of thefe is the woad-vat, a3
it is called. Woad (§ 839) is made difpofed to
fermentation in water, at a convenient temperature,
and by adding wheaten bran and madder. Indigo
and burnt lime are next added.—In this way the
indigo is, by the fermenting vegetable "matters,
deprived of part of its oxygen, and diffolved by
the affiftance of lime. The liquid is green, but is
covered on the furface by a pellicle of a blue or cu-
preous colour. = The caufe of this laft is, that the
diffolved indigo, by attracting again oxygen, is ren-
dered blue, and lofes its folubility in the fluid.—
The ftuffs fteeped in the vat come out greenith, but
are changed to blue in the air. This vat is em-

rf 4 ployed
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_ ployed for woollen ftuffs ; and it may be kept work-
ing for a confiderable time, if after each dyeing fome
freth quicklime and indigo be added.—Yet, if
the fermentation be not moft carefully regulated, it
may eafily be overdone, and begin to putrefy, in
which cafe all the pigment is deftroyed.

Silk is dyed in a vat, where mdlgo (without ad-
dition of woad) is diffolved, with the affiftance of a
proper degree of warmth, along with pot-ath, ve-
getable ferments, bran, and madder. The folution
looks green, and a fcum, of a blueith coppery tinge,
floats on its top.

A cold blue vat, or bath for cotfon, is made from
indigo finely levigated with water, or an alkaline
lixivium, to which burnt lime, previoufly flaked
and diluted with water, and fome fulphat of iron,
are added. On this mixture a part of the calcareous
earth unites with the fulphuric acid of the vitriel,
while the calx or oxyd of iron is precipitated.” This
oxyd robs the indigo of its oxygen, by virtue of its
ftronger attraction for this acidifying' principle; and
the indigo is thus, and by the affiftance of the
refidual difengaged calcareous earth, rendered folu-
ble. The fluid becomes alfo green, like the pre-
ceding, yet inclines gradually to yellow, and is co-
vered with a film ,or pellicle of a blueifh coppery
tinge.—The ftuffs are dyed in this vat, after the
coarfer particles have {tibfided. They are taken ous

of



ChaptiwL} -+ Indigo. ' 441

of a yellowith colour, which on expofure to air,
- owing to the indigo ablorbing again oxygen, changes
through various fhades from green to blue, It is
proper to acidulate the laft water, in which the ftuff
1s rinfed, with a little fulphuric acid.

For linen goods a vat is prepared, with a Iye of
cauftic pot -ath, wherein the indigo is boiled with
orpunent ({fulphurated arfenical oxyd), till the bath
be green, exhibiting at the rop a copper-coloured
pellicle.

Finally the Saron-blue, ufed for dyeing filk and
woollen ﬁz{ﬁ}, belongs to this place. The methed
of operating is indeed very commodious, and faving
of expence, yet attended with the great dmdman-
tage of becoming thereby lefs permanent, and fad-
ing much fooner. For dyeing in this manner, from
5 to 8 parts of fulphuric acid are gradually poured
on one part of finely pulverized indigo. Heat is
produced by the mixture; the indigo decompofes a
part of the acid, which on that account efcapes as
fulphureous acid; while the carbon of the pigment
likewife abforbs a portion of oxygen from the ful-
phuric acid, and flies off in the form of carbonic
‘acid gas.—The mixture is left ftanding for 24 hours;
the folution is then largely diluted with water,-and
“ufed for dyeing. '

Concerning
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Concerning Litmus.

§ 847.-

Litmus is another blue pigment, which, accord-
ing to Ferber, is moft probably prepared from the
mofs called archil or orchal (lichen roccelia, orfeille),
and from the dyer’s lichen (lichen parellus)*. The
mofs is {teeped in wooden cifterns, in urine, lime-
water, flaked lime, and fome pot-ath, or foda, where
it is kept under fhelter. Now and then it is agitated,
and fuffered to macerate, till it begins to ferment in
fome degree. This fermentation, which muft not_
be permitted to pafs into putrefadion, is kept on,
until the mols be converted -into a blue and foft
pulp, which is attenvated by grinding, forced
through a hair-cloth, formed into {quarc lumps, and
dried in the thade. :

* It is not fo well known whether litmus be alfo made
of the bafard ricinas, or twrnfole plant (croton tinflorium).
However, the blue turnfole rags (¢ourefol en draps),
are, according te Montet, prepared of that plant, at
"Gmna’-Galargam, in Languedoc.—Ed.

§ 848.

Litmus is, ftrictly fpeaking, only fo far blue, as
it 1 combined with an alkaline fubftance. Its natu-
ral colour is red, and this native tinge is agdin re-
ftored by acids, by which the: alkaline matter is-

neutralized. -
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neutralized.—On this account the &incture of litmus
is qualified to {erve as a reagent.

Of Arnatto.

§ 849

The rocou; or arnatto (§ 833), is alfo to be
mentioned here. It is prepared from the pulp of
the feed-capfules of a tree growing in Guiana, Uruci
(Biva Orellana). The feeds, together with the
red tough matter {urrounding them, are foftened in
a wooden trough with water, until, by a kind of
fermentation, which {preads a very naufeous fmell,
and by diligent ftirring and pounding, the kernels
are feparated from “the pulp. This mafs is then
ftrained through a fieve, and boiled; whereupon a
thin reddith fcum, which is the pigment, feparates.
When fkimmed off, it is carefully in(piffated 1n
another kettle, and after being completely cool, is
moulded in roundifh lumps, wrapt round with leaves
of trees, and packed for fale,—Arnarto is not dif- -
{olvable by water, nor by fpirit of wine; to be fit
“for dyeing, it requires an alkaline menftroum. It
feems to partake of the nature of the vegetable
albuminous matter.

;S'a’p
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4 Sap-Colours

§ 850.

Sap-colours are either infpiffated juices of plants,
or extratts from them;  fuppofing, however, that
thefe juices are impregnated with a certain colour.
Of this kind are, gamboge (§ 742); fap-green, from
the buckthorn-berries (rhamnus catharticus), not
perfectly ripe; the extracts of fernambouc wood, of
Jaffron (crocus fativus, or orientalis); of green
walnut-hufks (nux juglans); the juice of whortle-
berries, thickened by boiling; the infpiffated juices
of honeyfuckle (lonicera zylofieum); of the Ame-
rican nighi-fhade ( phytolacca decandra), and others.
The tints of thefe pigments may be greatly varied
by adding acids, alkalis, and.-other falts.

Lm{-e-C;J[ours.

§ 851,

Frefbly precipitated argillaceous earth readily ab-
forbs the mucilaginous colouring parts of plants;
or it retains them, and is by them coloured. On
this fact the preparation of feveral lakes, or lake-
colours, is founded. Of lakes of a bafer and coarfer
fort, the calcareous earth is the bafis. :

§ 8z2.
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§ 852.

The counterfeit jlorentine lake may ferve as an
example to fhew in what manner lake-colours are
made. Equal parts of fernambouc, or the fineft
brafil-wood, and {ulphat of alumine, are boiled in
a fufficient quantity of water. The decoftion is
then ftrained, and a Iye of pot-ath added, till the
alum is duly decompofed; taking care, however,
that the quantity of the alkali be not in excefs.
Laftly, the precipitate is feparated from the fluid
by filtration; 1s laid on paper in the form of {mall
cones, by means of a fuanel, and dried with hafte.

The genuine florentine lake is obtained, as well as carmine,
from an animal pigment, the cochincal. OFf this we
thall fpeak hereafter,

o § 83

By the fame method other forts of lakes may be
manufactured from various tinging vegetable bodies;
viz. by precipitating their ftrained deco®ion, made
with alum and water; the precipitant is again a
fixed alkali. Or by inverting the procefs, the decoc-
tion is made with alkali and water, and the lake-
colour precipitated by an aqueous folution of ful-
phat of alumine; beft, while warm. To this clafs
belong, madder-lake of Marggraf; Neri's yellow
lake, from the dyer’s-broom (genifia tinctoria) ;
another yellow lake, from the quercitron-bark; the

{akes after the manner of Scopolz, the Dutch-pink .

r 71/,
5 /f‘hf
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- {flile de grain), from’ the decotion of tarmeric
with alum, and decompofed by chalk ; and others.

Of B[cr;ch mg.

- § 854 .
The bleaching of ftuffs and other bodies refts on
this circumftance, that vegetable colours are de-
ftructible by the joint attions of air, moifture, and
light; or rather on the alterations which the, mix-
ture of pigments undergoes by the influence of
thefe caules. The fiuffs are for that purpofe firft
liberated from the adhering groffer and extracible
particles, by which they are “coloured. This is ef-
fected by boiling them in an alkaline lye; after
which they are expofed, with the greateft poffible
furface, to the action of the fun’s rays, keeping them
continually moift.—It agrees pretty well with the
theory, that befides this procefs, weakly {our liquids,
as whey, and very much diluted fulphuric acid,

may be ferviceable to promote the bleaching. -

§ 855
For it feems to be at prefent placed beyond any
doubt, that the pigment with which the ftuffs are
impregnated, or the fibrous ligneous part itfelf, is
deprived of its colour by abforbing oxygen. And
in this circumftance the efficacy of bleaching is to
be fought for, as is abundantly confirmed by the
e analogous
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analogous aftionof oxyeenated muriatic acid ; which,
by ceding part of its oxygen to coloured vegetable
fubftances, ‘deprives them of their colour (§ g70).

“§ 356.

This remarkable property of oxygenated muriatic
acid has been already reforted to, with the greateft
advantage, in the bleaching of linen and cotton
yarns in great quantities; as they may be reftored
by it to whitenefs in a much fhorter time, and at
any feafon. Berthollet * has delcribed the proceed-
ing and the apparatus to be employed in the large
way.—In my opinion it would be an advantageous
alteration in this method of bleaching, if, inftead
of oxygenated muriatic acid itfelf, an alkaline lye,
completely faturated with that acid, were employed;
it being much eafier to impregnate this lixivium
with it than fimple water. ;

¢ See Anrales' deChimiey tom. IL p. 251, feq. and
- tom. VL, p. 204, {feq—Ed,

« To perform the bleaching upon this principle,
« Chaptal propofes to fteep the Jinen, or cotton, in
¢« 2 weak alkaline lye, and to boil it with it. After
« this procefs they are taken out and wrung. When
< thus freed from the fuperfluous moifture, they are
« either expofed for a little while, and with the
« greateft poffible furface, to the vapours of the

“ elaftic oxygenated muriatic agid (§ 569); or,
: 2wt g *“ better,
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« better, they are immerfed in a liquor compofed
¢ of that acid in. a condenfed ftate, and diluted
«with water.  Dauring this they fhould be ftirred
“and wrung. Laftly, the unpleafant odour with
« which they become impregnated, is removed by
« wathing them in large quantities of water. ‘The
« addition of alkali in the lye has been thought ne-
< ceffary to neutralize the acid, and prevent its cor-
« rofive effedts, by which the ftuffs themiclves might
* be deftroyed.—As Dr. Gren juftly remarks, it is
“ defirable that the health of the workmen were
¢ les endangered in this procefs; and the advan-
“ tageous alteration which he propofcs, by impreg-
% nating the alkaline lye itfelf with the acid, is the
“ contrivanee of Pickel”’ —Ed.

In this country Thesphilus Rupp has given a fimple appa-
ratus, and method of bleaching with oxygenated
muriatic acid, without the addition of alkali; and
William Higgins, chemift to the linen-board of Dublin,
recommends to fubftitute fulphuret of lime ‘for pot-

~afh in this procefs.—See Nicholfon’s Fournal, vol. 1L,
p. 268; vol. L p. 253 —Ed. -
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