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PREFACE
B Y T H E

TRANSLATOR,,

WERE the controverfy, which was fo keenly agi-

tated about the beginning of the prefent cen-

tury, concerning the comparative literary merits of the

Ancients and the Moderns, to be renewed, the Moderns

wTould now, in all probability, find abler advocates

than a Perrault or a Wotton ; and even the wit and in-

genuity of a Boileau or a Temple would be infufficient

to maintain the fuperiority of the Ancients.

Among almoft all the nations of Europe, polite li-

terature and philofophy, in all their different branches,

have made the molt rapid progrefs fince the dole of

the feventeenth century. Even the fcience of mathe-

matics, in Which perhaps the ancients excelled more

than in any other, and which had been fuccefsfully cul-

tivated between the aera of the revival of literature and
that period, has been fince carried to higher perfec-

tion, and applied to a greater variety of purpofes.

How very lately was natural hiftory, in which the or-

der of fyftem has been fo happily eftablilhed, nothing

but a confufed heap of inaccurate and uncertain fads ?

a 3 The
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VI PREFACE by

The fcience of chemiftry, till it engaged the attention

of Boyle, Boerhaave, and Stahl, appears to have been

only in the hrft ftage of a fickly infancy.

The principles on which men proceeded in the pur-

fuits of fcience, and the fpirit with which they profe-

cuted them, were long unfavourable to its advance-

ment. Content with the imperfect knowledge of a

few general fails, the philofophers of antiquity feldom

took pains to eftablilh the certainty or increafe the

number of thofe facts
;
but fought to diftinguifh them-

felves as men of genius, and to aftert their title to the

character ofphilofophers, by forcing them into unnatural

combinations, and d illorting them to fupport fanciful

hypothefes. No qualities are more neceffary to him who
would contribute to the advancement of fcience than

humility and patience : but thefe qualities fcarce ap-

pear united in the character of any of the molt cele-

brated ancient philofophers
;
nay, whether ancient or

modern, thofe whom we honour as men of genius and

philofophers, have been too generally diftinguiftied by

the oppofite qualities of pride and impatience, to de-

duce general inferences, without entering into a full

examination of particulars. Synthefis, which was

long the eftabli fhed mode of profecuting fcientific re-

fearches, defer yes no higher character than that of an

ingenious way of impofing on- one’s felf and others by

falfe pofitions and unfair conclulions. It is indeed no-

thing but a partial, a falfe analyfis. You have lome

general inaccurate knowledge of the nature and rela-

tions of fome being; and you conclude, that you

know every thing concerning it
;
that you are inti-

mately acquainted with its nature; that all its relations

muft be confident with your ideas of it; and that it

can

A
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can fuffer no changes but thofe to which you per-

ceive it to be liable. Such is fynthefis *.

But, till of late, fcarce any of the other fciences

was in fo unfavourable circumftances as chemiftry.

The Egyptians, Greeks, and Romans, might he fkil-

fill chemifts : but we do not know that they were.

The Arabians involved this fcience in myftery. Their

ignorance of the phasnomena of nature, and the ab-

furd notions which they entertained concerning fupe-

rior beings* and their influence on the affairs of this

world, naturally led them to involve every thing with

which they were acquainted in circumftances of my-
ftery and wonder. The Saracens were the firft who
practifed chemiftry in modern Eurbpe. Their neigh-

bours, to whom they communicated their chemical

knowledge, were ftill more ignorant than themfelves.

They who had received fo many religious myfteries

with fuch profound reverence, fuch fond credulity,

were excellently prepared for adopting chemical myfte-

ries in all their abl’urdity. Gold, too, was fcarce as

it was .precious
;
and longevity, amidft all its mife-

ries, is ftill eagerly coveted. Hence came the alchemi-

cal doctrines of the Arabians to be fo eagerly embraced
in Europe, and improved into abfurdities ftill wil-

der by Lully, Paracelfus, and the Roficrucian bre-

thren. Fancy eftablifhed her dominion in a place
where we fhould not naturally expedt to find her either

feeking or obtaining admittance. Taking up her abode
in the laboratory, amid furnaces, cupels, cucurbites,

and aludels, fhe atnufed herfelf in fuperintending pro-
ceffes of digeftion, diftillation, rectification, and fuch
others. Ufeful difcoveries, when made, were owing

a 4
* Chemical fynthefis is nnt here meant.
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folely to accident ; abfurd hypothefes and ridiculous

theory were the only things here produced by the ex-

ertions of human ingenuity. By degrees, however, al-

chemy fell into diferedit, and myftery was almoft en-

tirely reje&ed as inconflftent with fcience. The fafts

have been by degrees conne&ed into a fyftem. Ca-
pricious and unmeaning proceffes have gone into dif-

. rife. Chemifts have learned, that fome degree at lead:

of plaufibility is no lefs neceflary to their theories, in

order to prevent them from being abfolutely ridiculous,

than to thofe of the natural or the moral philofopher.

Their operations are now conducted upon fcientific

principles
;
they no longer proceed blindly like the

mechanic, or a pupil in arithmetic, who follows his

rules without inquiring how it comes that the opera-

tions which they diredf bring out the anfwer re-

quired.

We are all fenlible what an important rank heat

and light hold among the phaenomena of nature. We
have conflant occaflon to take notice of them : And in

fome of thofe fciences which depend on the obferva-

tion of the appearances difplayed in the material world,

to mark their modes of exigence and their influence,

null furely be a capital part. Heat, not the fenfation

to which we give this name, but the cauie of the fen-

fation, naturally engages the attention of the chemift in

a very high degree. Accordingly, as foon as chemiftry.

began to aflume the character of a fcience, chemilts let

themfelves eagerly to afeertain the various phenome-

na of heat
;

to trace it as it arifes and again difap-

pears.

The theory of pblogijlon, which has fo long made
an
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an eminent figure in all chemical reafonings, and has

been lb intimately incorporated with the whole body

of fads on which the i'cience is eftablilhed, originated

from foifie of the earlieil attempts of philofophical che-

mills to eftablilh general principles with refped to the

phaenomena of heat. We behold flame, we lee bodies

confumed, we feel a pleafing, and at length a painful

leniation, when we approach within the Sphere of thefe

phamomena. We call, in popular language, the caufe of

thefe phaenomenafire; that which ads immediately on

our organs, and on the bodies confumed, we call heat;

and to the fenfation thus communicated to us we give

likewife the name of heat. Now, is this fire, or flame*

or heat, as much a material body as a piece of wood*

or glafs, or ftone, or any other grofier fubltance ? If it

be, whence does it arife ? and what becomes of it? We
neither faw nor felt it before the fire was kindled;

and when the fuel is confumed, it no longer appears.

In anfwer to thefe inquiries, the ingenious Stahl and

his followers tell us, that fire or hea* is adually a ma-
terial body

;
and, like other material bodies, liable fa

be modified by the influence of circumftances. In bo-

dies liable to be burnt, it exilh in a latent ftate: place

them in the circumftances in which combuftion is pro-

duced,—you then behold it appear, perceive it ope-

rate, and feel its influence. In thofe bodies, though it

exhibit no flame, nor produce the other effedts which
it accomplilhes on furrounding bodies when developed

by combuftion, yet it is far from being abfolutely dor-

mant. Whatever qualities combuftible bodies lofe by
Combuftion, thofe they owe to phlogifton or the la-

tent principle of fire. Bodies which lofe none of their

principles by combuftion mull be incombuftible, and

can
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can contain no phlogifton. An incombuftible body

may be volatile, and therefore reducible to vapour by

the adionof fire; but its principles cannot be divided;

it cannot be decomppfed by burning. The latent

principle of lire does indeed elude our inveftigation

;

we cannot obtain it, like the other principles of bo-

dies, in a feparate Hate
;
whenever it efcapes or is ex-

pelled out of one combination, it enters into another
;

it operates unfeen
;
but Hill it operates. When it

makes its way out of a burning body, it mingles in the

furrounding atmofphere
;
and no fact is better known,

than that air is altered in its nature, and acquires new
qualities, in confequenee of being expofed to the con-

tad of a burning body;

Such are the general ideas on which the theory of

phlogifton is founded. It is natural and plauli'ble, and

juftified by many fads. That this fub fiance has ne-

ver appeared in a feparate Hate, cannot well be conii-

dered as a proof of its nonexiftence : It is not the only

material fubftance of which theeftence istoofubtile for

our obfervation. When a number of fads, all referable

to this general principle^ were difcovered, it was very

natural for thofe who obferved the analogy among the

fads, to extend the influence of the principle farther

than their obfervations warranted. Such is the charac-

ter of the human mind. In the fame manner have

other general principles been on many occalions car-

ried beyond their juft, limits, till men have been

tempted to call their truth or propriety in queftiorq

even in inllances in which it was abfurd to deny it.

t

Since its propagation by Stahl, the dodrine of phlo-

gifton has undergone many modifications, Chemifts,

4 rather
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rather unwilling to believe in the exiftence of an im-

perceptible material fubftance, have been anxious to ob-

tain it in a feparate Hate. The difcovery of a number

of gazeous or aerial bodies, which till within thefe lalt

twenty years were entirely unknown, naturally excited

new hopes of accoinplilhing fo important a purpofe.

Some of the moft refpedtable Britifti chemifts have at

length perfoaded themfelves, that it mult be inflam-

mable gas which performs that great part which lias

been afligned to phlogifton. Mr Kirwan, the great

patron of this opinion, would have us to believe, that

bodies owe to dais gas, exifting in them in a con-

crete Hate, all the properties which they have been faid

to derive from phlogifton
;
and that when they are de-

compofed by combuftion, this concrete gas is difenga-

ged from them, and from a concrete reduced into aga-

leous or elaftic fluid ftate. To make out his iyftem,

he adds to this, that fixed air, or carbonic acid, is the

principle of acidity. Andahefe, with fome other addi-

tions, compofe a body of theory which he finds means

to apply, fometimes naturally, and now and then with

a little violence, to all the phenomena which it is the

province of chemiflry to explain.

But the French chemifls have treated the fyftem of

Stahl with (till lefs refpedt. Their difcoveries have

led them to give a very different account of the prin-

ciple of heat. They are not willing to allow of its ex-

iftence in a quiet ftate in combuftible bodies
;

nor

do they afcribe to its influence the properties which
thole bodies lofe by combuftion. M. Lavoifier and
his followers are the French chemifts to whom we
here allude. He has difcovered, that, inftead oflofing a

part of theif weight by that procefs which is thought

' td



to deprive them of a principle, bodies actually be-

come heavier, by burning, than they were before. It

is the furrounding atmofphere, not the burning body,

that fuffers a diminution. Whatever the levity ofphlo-

gifton or inflammable air, or any other principle of

terreftrial bodies, it cannot furely be abfolute. Some
bodies, we know, have a tendency to occupy a fitua-

tion nearer to the centre of the globe ;
while others re-

cede to a greater diftance from it, and give place to

thofe of which the fpecific gravity is greater. But we
do not know, we cannot think, that any bodies or

principles of bodies are a&ually repelled from the

centre of the globe, while others are attracted to it.

Were the exiftence of any filch to be difcovered, it

would contradict all our prefent notions of the laws by

whidh the material world is regulated. But if Stahl’s

and the other ideas of the exiftence of phlogifton be

juft, and M. Lavoifier’s experiments at the fame time

accurate, and the refults faithfully related, phlogifton

xnuft be fuch a body ;
for, by lofing it, the body to

which it is faid to have belonged gains an addition of

weight;—and by taking it in, the furrounding atmo-

fphere is diminiftied both in weight and bulk,

• *
1

This is indeed a perplexing faCl for the advocates

of phlogifton. But if it cannot be denied or explained

away, recourfe may be had to others, which will ftrike

with no fmall force againft any theory that can be

founded on it. In many inltances of combuftion a

new elaflic fluid, which did not before exift in the at-

mofphere, appears to be formed. That elaftic fluid is

inflammable air, the phlogifton of Mr Kirwan. Now,

if not difengaged from the burning body, whence can

it proceed ?—A fubfequent difcovery, however, has fol-
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yed this difficulty. In profecuting his experiments, M.

Lavoifler difcovered,that water, which had been always

conlidered as a Ample body, was actually a compound

coniifting of two diftind principles; one of which was

the fubftance which is in certain circumftances rare-

fied into inflammable gas. And it has been farther

difcovered, or is at leaft afferted, that in all thofe cafes

of combuftion in which inflammable gas is produced,

it is luppJied by the decompolition of water, or oils,

or fome other fubftance in which it exifts in combina-

tion.
4 i '

I

The experiments to which this laft difcovery was

owing were extremely nice; fuch, that the utmoft ac-

curacy of obfervation was neceftary to diftinguilli the

refults. In fuch cafes miftakes are eafily made
;
nay,

it is fcarce poffible to avoid them. Dr Prieftley and

fome other Englifh philofophers were at firft difpofed

to acquiefce in the refults of thofe experiments. Fads

may be tortured to fupport a theory, or explained a-

way : But when they are eftabiillied, when they force

themfelves on our obfervation, the philofopher cannot,

without forfeiting his charader, lhut his eyes againft

them. But, by repeating the experiments above allud-

ed to in different circumftances, Dr Prieftley, whole

(kill in making experiments and obferving the refults

cannot be doubted, has been fince induced to think, that

they do not juftify the inference that water is a com-
pound body; and that the appearances from which this

inference has been deduced, may be more naturally ac-

counted for, by allowing water to be a Ample fub-

ftance, and ftill admitting the exiftence of phlogiftou

In combuftible bodies, and its difengagement by com-
buftion. Mr Kirwan, and Mr Keir too, who in thefe

matters
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matters may be confidered as the difciples and follow-

ers of Dr Prieftley, eagerly contend in late publications

for thofe modifications of the phlogiftic theory which

they have adopted. They trace the antiphlogiftic

principles in their application to all the different fads

which chemiftry has collected
;

they find, that the

French chemifls, notwithftanding all their fpecious

pretences, reprefenting the antiphlogiftic theory as be-

ing not a theory, but merely a plain ftatement of fads,

often real'on by analogy, fometimes venture to indulge

conjedure, and even find itneceftary, at times, to make
a bold aflertion, and require us to take what they ad-

vance upon their credit. The champions of phlogi-

fton think they may very fairly put on the fame arms,

and pradife the fame arts : And they have certainly

done both with fo much addrefs as to keep the conteft

ftill undecided,
I

M. Lavoisier, whofe name, whatever be the iflue

of the prefent controverfy, muft furely be long refpec-

table in the annals of philofophy, has lately publifhed

a fmall treatife, in which the elements of chemiftry

are explained on his own principles.

The method which he follows is different from that

which has hitherto been ufually adopted by writers on

the elements of this fcience. He begins not with ex-

plaining the nature and afferting the dignity of che-

miftry
;
nor does he inquire into the number of the

elements of nature, or explain the laws of affinity in

the introdudory part of his book. He is of opinion,

that thofe who are only beginning the ftudy cannot

well underftand thefe things, if they attempt to ftudy

them in the order in which they are ufually laid down.

His
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His principles, too, render it necefiary to follow

a new order in explaining the elements ol the

fcience.

His work is divided into three parts. In thefirft, he

explains the formation and the decompoiition of aeri-

form fluids, the combuftion of Ample bodies, and the

formation of acids. In the fecond, he treats of the

combinations of acids with lalifiable bales, and of the

formation of neutral falts. The third part is occu-

pied with an account of the apparatus and inftruments

of chemiftry, and of the manner of conducing chemi-

cal procefles.

The reader who is at all acquainted with the prin-

ciples of this fcience, will perceive, on taking the

trouble merely to compare the contents of this compre-

henflve work with that of M. Lavoifler’s, that fcarce

any of thole things which are explained by M. Lavoi-

fler have efcaped the notice of M. Fourcroy. The
formation of gazeous fluids, the compolition of the at-

mofphere, the origin of acids, t,he component prin-

ciples of water, the various phenomena of heat, the

compolition of animal and vegetable matters, are ex-

plained with no lefs ingenuity and perfpicuity by the

latter of thefe writers than by the former. They have

been at equal pains in tracing the radical principles of

the acids through all their various combinations ;
and

they are equally careful to render their works intel-

ligible, by exhibiting a comparative view of the new
nomenclature which they have adopted, with the

names of chemical fubltances which have hitherto

been in general ufe.

But
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- But their objeds were different. M. Lavoifier

confines himfelf to explain the principles of his own
theory, to relate the experiments, and point out the

analogies on which it is founded ; and to illudrate it by

exhibiting a view of fuch of the dodrines of chemiftry

as are mod happily calculated for that purpofe. M.
Fourcroy examines all the kingdoms of nature, and

gives a complete body ofchemical knowledge. The two
works differ alfo in point of arrangement; but each has

in this refped its peculiar advantages and difadvantages;

And it would not be eafy to decide, which of the two

plans is molt likely to facilitate the fludy of the fcience.

Perhaps M. Lavoifier’s is belt calculated to imprefs the

mind of the reader with a favourable opinion of the

antiphlogiftic theory. But he is aimed too artful and

too interefted an advocate for the beginner to liflen to ;

who wifhes, not to enlift under the banner of a party,

but to acquire juft ideas of the elements of the fcience,

and to diftinguifh between thofe truths which are in-

controvertibly eftablilhed, and pofitions which have,

as yet, only probability or plaufibility on their fide.

• i . *

The tranilator of this work was fo much pleafed

with Lavoifier’s book when it came firft into his hands,

and impreffed with fuch veneration for a name fo il-

luftrious in the annals of chemiftry, that he formed the

idea of enriching his tranflation of M. Fourcroy’s work

with a pretty large analyfis of M. Lavoifier’s. After pro-

ceeding fo far in the execution of this defign as to make

out his analyfis, with confiderable trouble
; he found,

upon a revifal of it, and a companion of its fubftance

with parallel pafiages in this work, that it only repeated

in a different form whatM. Fourcroy had explained with

the greateft perfpicuity, and even dated in a more
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impartial manner. Nay, M. Fourcroy, in his fupple-

mentary Difcourfe on the Pri?iciples of Modern Chemi

•Jlry, in the third of thefe volumes, has a&ually given a

fhort (ketch of the very plan which M. Lavoifier follows.

To introduce this work, therefore, with a tedious ac-

count of M. Lavoilier’s book, would have been mere-

ly to fwell the fize of this firft volume, without add-

ing to its intrinlic value. And with whatever com-

placency he might regard that of which the compofi-

tion had coft him a good deal of pains ; he now faw

that it would be impertinent to prefent that analyfis to

the public in the honourable place for which he had
defigned it. He contents himfelf therefore with men-

tioning in this general manner the plan of that treatife,

and in what refpe&s it differs from, and agrees With,

- the prefent work.

If in any Part of his book M. Lavoifier has turned

his attention to what has been more (lightly noticed

by M. Fourcroy, it is in the Third, in which he de-

defcribes the inftruments and the apparatus of che-

miftry, and explains the methods of conducting che-

mical precedes. But the neceffity of plates for the iI-

luftration of this part of the work, together with
fome other circumftances, rendered it equally incon-

venient and unfuitable to introduce here any thing

from this part, as to give a particular account of the

two preceding parts.

The new nomenclature which M. Fourcroy has now
adopted in this work, and which the antiphlogiftians wifh
to eftablifh, will perhaps be regarded rather with an un-
favourable eye by the Englifh reader, to whom, even tho’

k not
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not a novice in -the fcience, it may probably be a

ftrange language. Objections have been propofed#

and urged againft it
; Tome of them frivolous and cap-

tious, others not without force. Thofe objections

have been made, too, by fome of the molt fkilful and

ingenious chemifts, who cannot be thought ready to

objeCt without reafon • and whofe voice, in matters

refpeCting the fcience which they have cultivated,

muft have authority. Among the molt eminent of

thefe are M. Sage and Mr Keir. One of the molt

plaulible of the objections is, that this nomencla-

ture, like others, mult be fluctuating : if the principles

of the antiphlogiitic theory be not in the end efta-

blifhed, the nomenclature muft be rejected toge-

ther with the theory : nay, if even any part of its

principles fhall prove falfe—and even its authors do

not pretend to have demonftrated the truth of every

part of it by unequivocal experiments
;

then muft

this nomenclature undergo a reformation. Mr Keir

feems to be of opinion, it is not eafy to fee upon

what grounds, that it is abfurd to propofe a chemi-

cal nomenclature formed upon principles of analogy,

and defigned to convey in the names, juft ideas of -

the nature and the compofition of the fubftances. To
form fuch a nomenclature muft certainly be an ar-

duous talk
;
perhaps it has not been fully aceomplifh-

ed by the French chemifts : but could it be accom-

plilhed, it would furely contribute much to facilitate

the ftudy of the fcience. In different departments,

the utility of fuch fyftems of names has been gene-

rally experienced. Muft the fludent of chemiftry be

denied thofe helps which have proved fo beneficial

in other inftances ? The French chemifts have per-

haps been in too great hafte
;

it would perhaps be

ad-
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advantageous, if they and all the other chemifts in

Europe would agree to ufe the fame Latin names.

But their defin is at leaf! laudable ;
and let us not invi-

dioufly deny due praife to their labours.

Of the reafons for a tranflation of this third edition
f

of M. Eourcroy’s work, it is lcarce necelfary to give

an account. They are very obvious. He now ap-

pears a convert to the antiphlogiftic fyltem
;

it is on-

ly in this edition he ufes the new nomenclature : the

additions are fo fcattered through the whole work,

that it would be a very unplealing talk for the reader

to have recourfe to a feparate volume whenever they

occur to be taken in. Thefe, it is hoped, will be

conlidered as reafons fufficient tojultify the prefent

tranllator in his undertaking, even after the refpeCtable

Englifh tranllations of the two former editions of this

work with which the public have been favoured.

The tranllator is afraid, that whatever favour the

public may be difpofed to Ihow to M. Fourcroy’s work,

they may find reafon to conlider the prefent tranflation as

very inferior in its merits to either ofthe two former, and
very unworthy of the original. Yet, whatever labour

could do, he has painfully done; he has ftudied the ori-

ginal with careful attention; and has endeavoured to

adhere in his tranflation to a refpeCtful ufe of the phrafe-

ology appropriated to the fcience. The road to fcience,

like that to perfection in virtue, is fcarce ever found a
flowery path

; the ItriCt language which mult be ufed
in laying down the principles of faience, and various

other caufes which it would perhaps appear petulent to

mention, often occafion a degree of heavinefs and per-
plexity in the Ityle of books of fcience which are very

4 h 2 unin-
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uninviting. It is not indeed to be expected or wifhed

that the elements of fcience fhould be explained in the

fame airy, lively language in which an agreeable tale is

told : but force, and energy, and fome degree of viva-

city, can have no bad effe&s. The tranflator, there-

fore, while he was ftudious to exprefs faithfully the

fenfe of his author, wiflied alfo to preferve, nay, would

have been glad to improve, the energy and livelinefs of

his' ftyle. He is forty that he cannot pleafe himfelf with

the thought of having fully accomplilhed what he

vviflied.

It would be very ungrateful were he to negledt

mentioning his obligations to the former tranflations of

this work : he read them carefully over
;
and he hopes

he has profited by them.

He has added here and there a few notes, the fub-

ftance of one or two of which he has taken from the

notes to the tranflation of the fecond edition
j
but his

notes are fo very few, that he will himfelf confefs they

do not add greatly to the value of the work. He was

indeed deterred from adding many notes, by obferving

that a confiderable part of thofe with which the tranfla-

tor of the fecond edition had adorned his pages, contain-

ed nothing that was not communicated in different

parts of the text. He is afraid that fome inaccuracy

has flipped into two or three of the numbers in the hi-

ftory of heat; and therefore begs the reader to be on

his guard againft it, and correft it.

Perhaps this fliort view of a few general facfls con-

cerning the hiftory and the prefent ftate of chemiflry,

may, as the language in which it is written is loofe and

3 popular.
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popular, not ftridlly fcientific, be read and underftood.

without much difficulty, and have fome fmall influence

in inducing the reader to proceed to a more eager and

attentive perufal of the valuable work to which it is

prefixed. If it have any fuch effe<fl, the writer’s wifli

will be fully gratified. The account here given of

the circumflances of this tranflation, and the reafons

upon which it was undertaken, the public had a right

to expedh

The Tranflator of this work, fince he has not ven-

tured to bring M. Lavoifier and M. Fourcroy together

in thefe volumes, is very happy to find that fuch as are

difpofed to perufe M. Lavoifier’ s work—and it is

certainly well worthy of perufal—may, if they do not

choofe to iludy chemiftry in French, gratify their cu-

riofity, by having recourfe to a very faithful and ele-

gant tranflation of that work publiflied by an ingeni-

ous medical gentleman of this city.

b 3 m-
I

/





PREFACE to the THIRD EDITION,

B Y T H E

AUTHOR.
t

IV TO fcience was ever more generally or mere ea-

YS gerly cultivated than chemiftry has been du-

ring thefe laft twelve years : No lcience, ever made

fuch rapid progrefs in fo fhort a time. Thefe circum-

fiances render a third edition of this work neceffary.

The fecond being almoft entirely fold off in the fpace

of eighteen months, I have confequently had lefs time

for improving it. in a third edition, than I had for im-

proving the firft in it. In this edition, therefore, the

work is enlarged only with one -additional volume: but

in the fecond two were -added. Every elementary

work, as it paffes through fucceffive editions, mutt at

length reach a period at which the judgment of the

learned and the difeerning will declare farther addi-

tions unneceffary
; and after which, review and care-

ful corrections will be the only proper means of im-

proving it. I am of opinion, that in this third edi-

tion my work has reached that period. An account of

the new difeoveries fince the' year 1786 would not

have added greatly to the bulk of the volumes : But
by the advice of fome judicious perfons, and in confe-

rence pf underftanding that beginners found fome
b 4 diffi-

* • •
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difficulties in the perufal of this work, I have been in-

duced to altar and enlarge fome chapters in the hiltory

of faline matters, of fome of the metals, and of feve-

ral of the immediate principles of vegetable and ani-

mal bodies. Thefe new articles, with the new difco-

veries, of which an account is now introduced in

thefe volumes, are extradted and publifhed as a fupple-

ment to the fecond edition by M. Adet, a young phy-

fician, who has been fo good as to undertake this

talk, for which I had not leifure myfelf. As that

lupplement comprehends, in a fmall volume, every

thing now added to the fecond edition, I fhall fay no-

thing farther concerning the additions, but coniine

'myfelf to a few reflections on the progrefs which the

work has made, on the theory which it exhibits uni-

formly through all its parts, and on the new nomen-

clature now adopted in it.

When I compofed, in the years 17 Bo and 1781; a

,, fhort account of the fundamental fails of this fcience,

to ferve as a Syllabus to my Ledtures
;

I followed the

fame plan which 1 had before adopted in my ledtures,

and of which fome years’ experience had taught me the

advantages. The unexpected fuccefs of that work indu-

ced me to follow the fame plan in the fecond edition, pub-
liflied about fouryears fince. The encouragement which
the fecond edition has again received from the profi-

cients in chemiftry and the friends of fcience, and the

preference which the rapid fale and the various tranfla-

tions authorize me to fay, has been given to it as an

elementary book on chemiflry through all Europe, in-

duce me Hill to adhere to the fame plan which wras

laid down in the firlt edition. To alter my arrange-

ment would have been in fome meafure to form a new
work.
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work :
yet I don’t know but it might be altered with-

out any impropriety. Perhaps, the more accurate

knowledge which has been gained iince the publica-

tion of my firft edition, the more conclufive reafonings,

and the more exad and numerous experiments with

which chemiftry has, iince that time, been enriched,

would render it advantageous to arrange the elements

of the fcience in an order fomewhat different : To

place, for initance, the hiftory of all combuftible bo-

dies, fulphur, coal, metals, &-c. before that of acids y

mod of which falts are either burnt bodies, or com-

pounds of combuftible bodies. This would be to pro-

ceed from fnnple to compound : the acids of one king-

dom would not then be feparated from thofe of the

other two kingdoms : only, the differences between

the principles of organic bodies and thofe of minerals

would be treated of in diftind chapters. I have mark-

ed out a fketch of this method in my Treatife on the

Elements of Chemiftry, intended for the ufe of the

ladies, and the pupils of the Royal Veterinarian

School

But although, in the prefent date of chemiftry,

this lad mentioned arrangement of its elements may be

preferable
;
yet that which I at firft adopted and dill

adhere to, is not without its advantages. It requires a

little more attention from the ftudent : but even in

this inftance it is peculiarly favourable to his improve-

ment. It exhibits the fame fads in two different

lights ; it recals the mind a fecond time to fads,

which have been already e^pofed to its view
;
and

thus impreffes more diftind ideas of the phsenomena.

With

? School of Medicine of Animals at Alfort, near Paris.
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With refpedt to the theory laid down in thefe ele-

ments, this third edition differs effentially from the two
former editions. In them, I appeared only as the hi-

storian of the different opinions which has prevailed a-

mong chemifts. But, in this edition, though I {fill

maintain the fame impartiality, and give an account of

the principal theories which have been propofed
;
yet

I have taken a fide, and declared myfelf an entire con-

vert to that dodtrine which has received from fome
philofophers the name of pneumatic or antiphlogijlic.

I flatter myfelf, that every unprejudiced perfon who
Shall carefully perufe thefe elements, will find that this

theory differs effentially from all others that have been

hitherto propofed
; as it takes nothing upon fuppofi-

tion, admits no hypothetic principle, and confifts only .

in- a fair detail of facts. I may even venture to fay,

that thofe philofophers who have not, yet adopted this

doctrine, particularly thofe who have combated it in

fome inftances with rather too much warmth, have not

entered fully into our ideas. They do not fee that the

ground of our opinions, the foundation on which our

principles Hand, is totally different from thofe of other

theories which occur in the ftudy of phyfics. We on-

ly deduce plain inferences from a great variety of

facts : we admit nothing not demonstrated by experi-

ments : and as we rejedt every hypothefis, we cannot

poffibly commit fuch blunders as thofe into which

the authors of all former fyftems of phyfics have

fallen. Either I, and thofe other modem chemifls

who have produced fo many ingenious difcoveries,

are grofsly miltaken ; or the rifing generation of flu-

dents, who are taught to reafon in a very different

manner from their predeceffors, will renounce, as we

have prefumed to do, the hypothefes which have been

fo
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fo much agitated in the fchools, and will confine them-

lelves to the refults of fair experiments. A number of

celebrated profelfors have already 'adopted the dodrine

laid down in this work. Melfrs de Morveau, Van-Ma-

rum, and Chaptal, have been convinced of its truth

and fimplicity. In order to make himfelf fully ac-

quainted with this dodrine through all its - different

parts, and to have an opportunity of comparing it

•with that which is ftill maintained by feveral philofo-

phers, 1 would advife the fludent of chemiftry to read

carefully over the celebrated Mr Kirwan’s work upon

phlogifton, with the notes and obfervations. which we

have added to it. They will find in Mr Kirwan’s ex-

planation of the fimple fads, a train ofhypothefes, trq-

ly ingenious indeed, but always in a greater or a lefs

degree forced and inconfiftent with the fads which

they are adduced to explain
;

in our application of

the fame fads, hypothecs is no where introduced.

In this third edition, I ufe the new nomenclature

which was propofed in the year 1787, by Meffrs de

Morveau, Lavoifier, Berthollet, and myfelf. I fhall

not here repeat the reafons which induced us to make
this innovation

;
the late difcoveries and the fyftematic

order introduced into this fcience in confequence of

thefe rendered it indeed unavoidably neceffary. Nei-

ther fhall 1 make any reply to thofe objedions, in gene-

ral exceedingly weak, which have been urged againft

it
; and ftill lefs can I think of anfwering the abufive

language and witticifms which have been thrown out

by men who had no reafons to offer. I fhall only fay,

that in five courfes of ledures which I have delivered

fince the formation of this nomenclature, I have con-

ftantly made ufe of it, and have found the ufe of it

attended
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attended with all the advantages which it was expelled
to produce. Thofe who heard thefe ledlures, eafily un-

derftood this fyftem of names, and entered into the ana-

logies on which it is eilablifhed. They actually ac-

quired more knowledge from one courfe, than it was
formerly poffible for a ftudent to gain by attending

three or four, however eager and unremitting his ap-

plication.

There is one among the objections, urged againft

this nomenclature, to which it may not be impro-

per to call the reader’s attention. The words oxy-

gene and hydrogene are faid to be too limited in their

irgnifications to anfwer properly the purpofes to which

we have applied them
;
the principle to which we

have appropriated the firft of thefe denominations, not

always forming acids in its combinations
; and the fe-

cond not being allowed by all philofophers for one of

the component principles of water. But, in our trea-

tife on the nomenclature, we have obferved, that we

do not prefume to offer it as a word expreflive of the

more general qualities of vital air
;

it Would perhaps

have been impoffible to find a word more generally ex-

preffive of its nature, and at the fame time luitableto our

purpofe: fuch an attempt would have rendered the deno-

mination too vague; and it could not, in that cafe, have

been fo diftindly comprehended by the ftudents, as

that which we have propofed, and which is taken from

one of the mod finking charadteriftic properties of this

principle
;
though a property which it does not exhi-

bit in all its combinations. On the word hydrogen-e

we have obferved, that it is formed to be precifely ex-

prefiive of a fadl, the refult of certain unequivocal ex-

periments ;
that the body to which we give this name

is oiie of the effential principles of water ;
and that its

ncceffity
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neceffity to the compofition of its water is one of the

moft (hiking of its properties. It is furprifing, that it

never occurs to the people who repeat fuch objedtions

againit us, one after another, that thefe, with many

others, mu it have arifen to ourfelves, when we were no

lefsthan nine months diligently employed on the refor-

mation of the nomenclature. It is furprifing that it never

occurs to them, that we can can find nothing new in

the reafonings which they urge againft us, after having

already often diicufied them
\
and that they have not

learned, that all their objections, all their arguments,

having been an hundred times propofed, and difcufied,

and viewed in every light, in our converfations on the

fubjedl, at which a number of our learned brethren ot

the academy obligingly afiified, appeared fo trivial in

comparison with the advantages likely to be obtained by

the ufe of the new denominations, that we thought we
might with good reafon overlook them. Thofe people:

are to be farther informed, that it was not till after ha-

ving in vain fought through all the varieties of etymo-

logy, for words which might be expreffive of the more

general properties of thefe principles, that we gave up

the hopes of accomplifhing this object. Had we obfti-

nately adhered to our firft purpofe, we fhould have in-

troduced into our language a fet of harfh and barba-

rous terms, which it would have been difficult for the

undemanding to comprehend, or for the memory to

retain.

The only thing that Seems to need correction in our

,

nomenclature is the expreffion azotic gas, which might
with great propriety be changed into the expreifion,

gas azote
;
as has been obferved by M. Arejula, aSpa-

uifii chemifi, who I am proud to number among my
pupils.
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pupils, and who has publilhed fome very judicious ob-

fervations on our nomenclature. It was certainly an
overfight in us to give to the name of this gas a termi-

nation different from that of its bafe, and the fame with

that in which the names of a whole clafs of acids ter-

minate
;
and I, for my part, thank the author for his

remarks. In this work, therefore, the reader may, if

he think proper, read gas azote
,

indead of azotic gas,

wherever the latter' of thefe expredions occurs *.

These are mod of the particulars which I wiflied

to mention to the reader in this place. The great ob-

ject of this work is to afford as complete acolledion as

podible ofchemical fads in the narrowed compafs within

which they could be reduced. The fcience of chemidry

is fo generally ufeful to the purpofes of human life, that

there is reafon to exped, that the number of the du-

dents of this fcience will dill increafe. It is with a

view to promote their improvement that I have added

in this edition every thing that appeared to me likely,

to facilitate the dudy. It is my earned wifh to be ufe-

ful to them.

* The tranflator has not ventured to make this alteration; for of in-

novations there will be no end, if we are thus ready to indulge in them.
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9

CHEMISTS are not generally agreed concerning
the moft proper definition of chemifiry. Boer-

haave, in his Elements, has ranked it among the aits,

or, to fpeak more accurately, has defined only the prac-
tical part of it. Chemifiry, according to Macquer, is

a fcience, the objed of which is to difcover the nature
Vol. 1. A and



' $ Subjects of Chcmijlry.

ani^properties of all bodies by means of analyfis and

fynthefis: This definition is indifputably the bell that

has yet been given. But as analyfis and fynthefis can-

not be employed with equal fuccefs in inveftigating

the properties of all natural bodies, it would perhaps

be betted' not to mention them at all when we attempt

to define this fcience. The chemift cannot attain the

knowledge of the properties of bodies without bring-

ing them into contact
; and as all that he can pofiibly

difcover is only the mutual operations of bodies, per-

haps the following definition may deferve to be adopt-

ed, even in preference to Maequer’s : Chemiftry is-

that fcience which explains the intimate mutual adtiom

of all natural bodies*. The facts which we are to^

relate will illuftrate this definition-, in order to dif-

play the extent of this fcience in a regular perfpicu-

ous manner, we fh all conlider the filbj eel's upon which

it is engaged
;
the means which it employs

;
the pur-

poles it purfuesj and the advantages which it affords.

§ I. Concerning the Object, the Methods, and the Inten-

tions, of Chemiflry.

'J'HE fubjects on. which the labours of the chemilt

are engaged, are all the fubftances that compofe

the globe which we inhabit, whether buried in its in-

terior parts or found at its furface : chemiftry is there-

fore of equal extent with natural hiftory, and the fame

limits are common to both.

Analyfis

* The addition of the word intimate feems to obviate the objec-

tion offered againft this definition by the Engliih tranflator of the for-

mer edition. It diftinguifhes chemical from mechanical adlion.



3Analyfis and Synthefis.
t

Analyfft or decompofition, and fynthefis or combi-

nation, are the two precedes which chemiftry employs

to accompli (h its purpofes. The firft is nothing but

the reparation of the conftituent parts of a compound

fubftance. Cinnabar, for inftance, is a compofition of

mercury and fulphur
;
the chemical art analyfes it by

feparating thefe two bodies from one another. Till of

late it was generally thought, and many are dill of

opinion, that this method is more advantageous in che-

mical refearches than the other. This opipion had

even gained fuch ground among the learned as to in-

duce feveral of them to define chemiftry, The fcience

of analyfis. But nothing-can be more inconfiftent with

the juft idea of decompofition. In order to let this

important truth in a proper light, we muft divide ana-

lyfis into two kinds
; the true or fimple, and the falfe

or complicated. The true analyfis is that by which

the component principles of the body decompofed are

obtained, without buffering any alteration. The only

criterion by which we can diftinguifti whether this

analyfis has taken place, is when, by reuniting the

fimple fubftances to which the compound body has

been reduced, we can form a new compound precifely

iimilar to the former. Cinnabar will again furnifh an

inftance. When the two fubftances of which this

compofition is formed, namely mercury and fulphur,

are feparated by a chemical procefs, they are found to

be in a ftate of purity fimilar to that which they pof-

fefled before their reparation
$

for by uniting them we
can form a new body, differing in no refpedt from the

original cinnabar. But unfortunately for the fcience,

this kind of analyfis can feldom be effected. Chemifts
are not fo happy as to be able to apply it to many of the

A 2 bo-



4 Analyjis and

bodies on which they make experiments. The neu-

tral falts, and a few other mineral fubftances, are the

only bodies in nature fufceptible of this fpecies of de-

compolition.

The falfe or complicated analylis is that by means

of which a body is relolved into principles different

from thofe which appeared to exifl in the compofition,

and incapable of forming, by their reunion, a body

limilar to that from which they were obtained.

This kind of decompofition takes place in moil of

the bodies that are fubject to a chemical analylis
;
no

bther condition being requifite, but that more than two

principles enter into the combination to be examined,

and that they be united by a certain degree of mutual

affinity. Many minerals, and all vegetable and ani-

mal fubftances without exception, admit of no o-

ther fpecies of analylis. Thus fugar, diltilled in a

retort, affords an acid, an oil, and a coaly reli-

due
j
but all attempts to recombine thefe into the

fame fubtlance from which they were obtained, are

uniformly fruitlefs. This kind of analylis cannot en-

able us to difcover in what Hate fubftances exilled

together in any combination before being feparated
;

and it therefore affords but little ufeful information,

and is not to be trufted without the greateft caution.

By trufting too haftily to refults of this kind, chemifts

have afforded room for all that cenfure to which their

art has been expofed. On this account has chemillry

been accufed of abfolutely deftroying bodies in its at-

tempts to Separate their component parts • and we
cannot but acknowledge that the cenfure was for a long

time juft : but becoming more circumlpedl in propor-

tion to her prog'refs, chemiftry now rejecfts that de-

ceitful



5Syntbejis.

ceitful analyfis to which {he formerly had recourfe,

and poffeffes the means of examining the properties

and diftinguifhing the component principles of bodies,

without deftroying their nature. She even proceeds

farther, and, as we fhall have occafion to mention more

particularly when we come to treat of vegetable iub-

ftances, eftimates the mutual action of principles, and

determines by what caufes they are thus modified and

changed.

Synthefis or compofition, the fecond method of pro-

fecuting chemical inquiries, is the formation of a com-

pound by the artificial reunion of feveral principles.

Its utility, its extent, and the dependance that may be

placed on the refults which it affords, render it much
more valuable than the otfutr : nay, not even a fingle

operation in chemiftry can be conduced without pro-

ducing fome new combination. Chemifts appear not

to have been fufficiently fenlible of its importance. In

fact, as fynthefis is both more frequently employed

and more highly ufeful than analyfis, chemiftry might

be, with a good deal of propriety, reprefented as the

fcience of combination, not of analyfis.

Thefe two methods are fometimes employed fe-

parately, but oftener together It frequently hap-

pens that a true analyfis cannot be effected with-

out the help of fome combination. Falfe analyfes

are always accompanied with new combinations by
fynthefis

;
nay, compofition itfelf often produces a

kind of analyiis. The laft of thefe fadls, however, has

been but lately difeovered. The difeovery of a great

nnmber of aeriform fluids, the exiftence of which was
not formerly fo much as fufpedted, has fhown that in

many operations which were confidered as Ample conf-

A 3 binatio?



6 Intentions of Chemiftry

.

binations, an inviftble elaftic fluid is difengaged with

effervefcence, and either efcapes into the atmofphere,

or is received in veflels which have been ingeniouflv

contrived to confine it. Moft of the combinations of

two principles which were before thought to be fimple

fubftances, exhibit this kind of analyfis. We fliall have

occafion to give frequent inftances of it when we come

to treat of neutral falts.

From this fliort account of the analyfis and fynthelis

of the chemifts, it appears that the whole art of clie-

miftry con fills in promoting the intimate mutual ac-

tion of bodies, and in obferving carefully the pheno-

mena with which it is attended. It is to be remem-
bered, that Nature herfelf conftantly employs thefe two

methods, and that from her the chemifl: firft learned

to ufe them. As they depend on the mutual affinities

of bodies, all that the artift can do is to difpofe thele

in fuch a manner that they may aft upon each other.

The young chemifl; ought carefully to acquaint him-

felf with thefe important truths : for thefe, with the

reft to be explained in the following chapters of this

firft part, form the bafts of the fcience.

Hence it is very eafy to comprehend the final inten-

tion of chemiftry. That cannot be merely to diico-

ver the firft principles of bodies ; for there are many
fubftances which cannot be refolved into others more
fimple, and whofe component principles are therefore

unknown : yet thefe fubftances, though not fufceptible

of analyfis, admit of combination, and aft upon other

bodies; and therefore it appears evident, that the chief

defign of chemiftry is to difcover the mutual a&ions

of natural bodies, to diftinguifh the order of their com-

binations, and to eftimate the ftrength of that mutual

. attraflion



application to the Arts* 7

.-attraction which gives them a tendency to unite and

,to remain in union.

§ IT. Concerning the iifeful Purpofes to which Chemijlry

may he applied.

A Particular treatife would be necehary to give a

full view of all the advantages which mankind

•derive from this fcience. As the defign of this work
• does not admit of our entering minutely into that fub-

jeCt, we will content ourfelves with exhibiting its out-

lines
;

infilling, however, more particularly on fuch

of them as appear not to have been hitherto confider-

ed with all the attention which they deferve.

Chemiltry is beneficial to fo many of the arts, that

we may arrange them all under two divifions : the

iirft, comprehending all the mechanical arts which de-

..pend on geometrical principles
;
the fecond, including

-all thofe which depend upon chemiltry, and therefore

merit the name of chemical arts. Thefe luff are much
more numerous than the other. As they are all found-

ed on chemical phenomena, it is eafy to fee that the

practice of them ought to be regulated by the rules of

chemiltry
;
which, b}r new difcoveries, Amplifies the

•pi-ocefles, renders their fuccefs more certain, and even

extends the limits of all the arts dependant upon it.

Thefe are, jJI, The arts of making bricks, tiles, china,

.porcelain, and the other fpecies of earthen ware
; all

of which are preparations of different kinds of clay,

baked into different forms, and expofed to the aCtion

<of heat till each acquire its proper degree of hardnefs.

A 4 2dfa



3 Application of Chemijlry

•idly
,
The art of making glafs;' which, by combining a

vitrifiable earth With a laline fubftance, produces a

new body, hard, tranfparent, and almoft impregnable

by the action of the air : A wonderful art, from which

mankind have derived many important advantages !

^dly. The arts of extracting metals from their ores, of

calling, of purifying, and of allaying them by mixture,

owe alfo their origin and progrefs to chemillry, which

is daily throwing new light upon them. 4tbly, Thevege-

table kingdom affords materials to a great number of

arts, which, as well as thofe above mentioned, belong

to the province of chemillry. The arts of converting

faccharine juices, or farinaceous lubllances, into vinous

liquors ;
of extracting from thofe liquors the ardent

fpirit which they contain
; of feparating that fpirit

from the water with which it is at fir ft combined
;
of

uniting this ardent fpirit with the aromatic parts of

plants ;
of extracting the colouring matter of plants,

and applying it lb as to tinge fluffs
; and, laltly, the

arts of converting wine into vinegar, and combining
vinegar with various fubltances

; of feparating from

grain and other parts of vegetables that precious fub-

llance of which we form bread
; and of converting fo

dry and inlipid a body as meal into a light, digeltible,

and pleafant fubftance
;

all thefe arts, and many more,

which our prefent limits allow us not to take particu-

lar notice of, belong to the province of chemillry, and
are indebted to that fcience for their prefent perfection,

and in many inftances for their firft invention.

It has equal claims to all thofe arts which are

employed on animal fubllances. Such is the ufeful
and too little valued art of cookery

; the true end
of which is not to flatter the palate, or to va-

ry
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ry the forms and flavours of meats, for the gratifica-

tion of capricious tafle
; but to render aliments eafy of

digeftion, by means of boiling, or by applying to them
mild and natural feafoning. Hat-making, and the

drelling, tanning, and currying of leather, belong to

the fame clafs-of arts. But one of the mod valuable

of all the arts, which indeed occupies a middle rank

between the arts properly fo called and the fciences,

and to which chemiflry is Angularly ufeful, is pharma-

cy. Every perfon concerned in pharmacy needs a

Very extenlive knowledge of chemiflry, that he may
not be ignorant of thole alterations to which the bodies

he makes ufe of are fubjedf
;
may know how to pre-

vent or correct fuch alterations
;
may be called to diico-

ver the changes which compound medicines undergo
;

and, in a word, may forefee readily the combinations

or analyfes that may be produced by the mixture of any

Ample drugs. Every impartial perfon mult agree, that

to acquire a competent Ikill in pharmacy, the ftudent

ought, after acquainting himfelf with the natural hiftory

of materia medica, to turn his attention to chemiflry,

and ftudy it with the mod earneft afliduity. By thefe

•means only can pharmacy be praclifed on certain prin-

ciples, fo as to render mankind thofe important fervices

which intitle it to the high rank it holds among the

arts.

A very curfory view of the fciences will be fuffi-

cient lo convince us what important benefits they may
derive from chemiflry. To natural hiftory it is pecu-

liarly beneficial. The earlier naturalifts employed the

phyfical properties of colour, form, and ponfiftency.

Sec. as the diftinguifhing chara&eriftics of mine-
rals : but thofe properties being very liable to varia-

tion, the bodies of which ancient philofophers have

fpoken
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fpoken are no longer known, and their difcoveries are

nlmoft totally loft. The moderns have become fen-

fible, that, in order to obviate this inconvenience fo

fatal to the progrefs of natural hiftory, fome new me-

thod mull be adopted. Chemical analyfts has been

•thought the happieft that can be employed
;
and by

this method fuch progrefs has already been made, that

minerals are now ranked into clafies according to the

nature and quantity of the principles of which they

are compofed. The progrefs made in this branch of

natural hiftory is owing to the labours of Mefirs Berg-

man, Bayen, Monnet, &c. 'Wallerius, Cronftedt, and

fome other naturalifts, firft began the arrangement of mi-

neral bodies according to their chemical properties. M.
Bucquet, in his latter courfes of lectures, had improved

cn the ideas of thofe two celebrated naturalifts.; and his

mode of arrangement was entirely chemical. M, Sage,

who has aqalyfed a great number of minerals, has alfo

employed a chemical mode of arrangement : and tho’

no chemift has adopted the w7hole of his theory, yet

mineralogy owes him the higheft obligations
;
and few

in France have purfued the ftudy w7ith more induftry

and fucceis. M. Daubenton has availed himfelf of the

labours of all his cotemporaries and predeceffors
;
ex-

amining them, however, with a degree of caution wor-

thy of the true philofopher, whofe proper object is to

difcover truth amid that maze of error and uncertain-

ty, in which, unfortunately for mankind,, it is too oft-

en concealed. Nothing, then, can be more certain

than thd utility of chemiftry to natural hiftory ; it af-

fords the only means of removing that obfcurity and

uncertainty which muft ever attend fimple defcriptions

of natural objedls. One obl'ervation of M. Daubenton
merits the particular attention of all chemical philofo-

phers:
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phers: He advifes them to deferibe carefully the fpeci-

mens on which they make their experiments, in order

that they may be generally underftood by naturalifts,

and may avoid that confufion which, according to this

celebrated profefior, prevails through the works of

many modern chcmitts. The only means which I

have found proper for avoiding that confufion, is, to

conned the two fciences in my ledures, by uniting

phvfical deferiptions of bodies with an account of their

chemical properties.

But the world are not fa generally convinced of the

ufefulnefs of chemiftry in medicine. The errors of

the chemical phyficians of the laft century, and the

indifference of a number of medical praditioners for

this fcience, have impreffed many with an unfavour-

able opinion of it, which time alone can remove. Yet, it

would furely be better not to lend an ear to the voice

of prejudice, but to inquire candidly into the caufes of

thofe miftakes which chemifls have committed, and to

confider by what means they may be for the future

avoided, and the fcience reflored to its juft honours.

Though the firft phyficians who cultivated chemiftry

were mifled by a blind enthufiafm
;
yet from that no

inferences can be drawn applicable to the chemiftry of

the prefent time. The precifion which the moderns

have introduced into every part of experimental philo-

fophy, cannot but remove all the apprehenfions which

might be entertained, if chemiftry w^ere ftill involved

in the fame degree of myftery and obfeurity in which

it wras a century ago. If employed with caution, and
with a due regard to the extent of its powers, it cannot

but be highly beneficial to medicine. After thus ac-

kqovvledging the whims and blunders of chemifts, let

us
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us proceed to juflify the fcience, by examining how

far it is ufeful to every branch of medicine. Let

us firft diftinguifh between the two great departments

of this extenfive fcience, namely, the theory and the

practice; which, however, ought not to be entirely fe-

parated from each other, as they have been by fome

authors. The ftudy of medicine ought always to be-

gin with the anatomy of man and the other animals.

But the folids are the only part of the animal frame

fubjed to the examination of anatomy ;
while it is

well known to phyfiologifts, that the greateft part of

animal bodies confifts of fluids, by the motion of which

life is maintained. Were we then to confine our ob-

fervation to the ftrudure of the veffels, without exa-

mining the nature and properties of the fluids which

they contain, we fhould be acquainted with only one

part of the animal fyftem. It is the bufinefs of che-

roiftry to explain to us the qualities of thefe fluids

:

chemiftry affords the only means by which we can ac-

quire a knowledge of the principles of which they are

compofed, and of the changes which they undergo in

performing thofe functions by which they contribute

to the fupport of life. Without the aid of this fcience,

it would be impofiible for us to difcover the mecha-

nifm of the animal fundions; to diftinguifh between

the various fluids feparated by the different vifcera ; to

obferve what alterations thefe fuffer when colleded in

their feveral refervoirs; or to underhand how they are

affeded by heat, cold, or mixture with other fluids, &c.

When we are thus far acquainted with the compofi-
tion of animal fluids, it will next be proper to exa-

mine what variations they are liable to, from dif-

ferences of fex, age, conflitution, climate, and feafon ;
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and to trace them through the various fpecies of ani-

|
mals : thus fhall we eftablilli certain points of compa-

rifon, by means of which the limits of fcience may be

extended. It is not enough, however, to examine the

chemical properties of the animal fluids when the fy-

ftem is in a found ftate : they ffiould be obferved with

i no lefs attention when the body languifhes under dif-

1 eafe, in order that it may be certainly difcovered what

alterations they fuffer in the various diftempers to

which the human frame is liable
;
what part of the

humours predominates in putrid, inflammatory, fcor-

butic, or fcrophulous diforders
;
what faline combi-

nations are formed during the progrefs of the diftem-

per
; what matter extruded from its proper veflels.

Such refearches cannot fail to make phyficians better

acquainted with the hiftory of pathology. We think

it equally neceflary to examine the folids by chemical

methods, in the found as well as in the difeafed ftate

of the body
;
that by confidering their properties, we

may difcoverfrom what fluid they are produced; and,

this known, may conjecture upon good grounds, what

folid or fluid has fufFered alteration in any diftemper.

This pofition, which is here but flightly mentioned,

will be more particularly explained in the chapters on

Animal Matters.

But chemiftry is no lefs ufeful to the pradtice than

to the theory of medicine; nor can it indeed be ufeful.

to the one without promoting the other at the fame

time. It will, therefore, be no difficult talk to fliow

the dependance of the practice upon this fcience. To
begin with the art of preferving health; an accurate

chemical knowledge of the various articles of food,

and of the atmofpheric fluid, is neceflary to enable us

to make a proper choice of air and aliments. By che-

miftry

6
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miftry we learn what quantity of nutritive matter is

contained in every different article of food
;

in what

particular ftate that matter exifls in each of the bodies

in which it is found; the nature of the feveral fubftan-

ces with which it may be combined
;
and the means

of extracting, purifying, and preparing it in a manner

fuitable to the ftrength or weaknefs of different flo-

machs. It is the fame fcience that explains to us the

nature of thofe fluids which we ufe for drink
;
what

properties render water wholefome or noxious, and

how to feparate from it whatever may render it inju-

rious to the animal qeconomy
;
what are the prin-

ciples of fermented liquors, and in what proportion

thofe are. mingled together in the feveral kinds of wine
;

as alfo by what proceffes we may diflinguifh whether

wine is genuine or adulterated : Laftly, by the fame

means we learn^ what properties render air fit for refpi-

ration
;

to what changes that fluid is liable
;
and what

other fubflances are capable of altering its purity, by
entering into combination with it. Chemiflry likewife

fupplies us with the happy means of correcting the

qualities of air when noxious* fo as to reftore it to that

Hate in which it is proper for refpiration : for the dis-

covery of which means we are indebted to the induilry

of the moderns, as fhall be fliown in the Hiflory of

Air.

The phyfician ought not to make ufe of medicines

unlefs he knows their nature
;
and that knowledge he

muft learn from chemiflry. This has been fo long ge-

nerally acknowledged, that the writers of the materia

medica arrange medicines by their chemical proper-

ties. The uniform experience of all ages has eftablifh-

ed it as a certain truth, that there is a clofe and natural

relation between the tafte of bodies and the manner

in
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in which they adl on the animal oecoriomy ;
fo that by

tailing any fubltance we may judge of its medicinal

qualities : Bitters are ilomachic
;

infipid fubftances*.

mild and relaxing ;
bodies of an agreeable fweet taile,

nutritious ;
acid fubilances, a&ive, penetrating, and

inciiive. But as taile is undeniably a chemical proper-

ty, depending on the tendency of iubilances to combi-

nation, as ihall be elfewhere fhown, we muil confefs

ourfelves indebted to chemiilry for whatever know-

ledge of the properties of bodies we can gain by exa-

mining their taile : Yet it would be abfurd to fup-

pofe, with the chemical phylicians of the laft cen-

tury, that the ilomach is a veflel in which chemical

procefles are carried on, as in a laboratory. The

inteilines poflefs indeed fenfibility and a peculiar mo-

tion, which modify the nature and operation of fuch

medicines as are adminiilered ; but it becomes the

phyiician to reprefs thofe wild fallies of imagination

which lead to ridiculous hypothefes, and to admit only

fuch facls as are ellablilhed by accurate obfervation.

It cannot be denied, that, in fome cafes, medicines a<ifc

in the flrll paflages by means of their chemical pro-

perties : then, indeed, the phyiician may apply his

chemical knowledge. Long experience has fhown, that

in the dileafes peculiar to children, the Ilomach and

inteilines are coated with a tenacious vifeous mat-

ter, which is manifellly of an acid nature. The ab-

forbent earths, and alkalis adminiilered on fuch occa-

lions, dellroy this acid by entering into combination

with it, and form a neutral purgative fait, which by
llimulating the inteilines, caufes them to evacuate the

noxious matter. All difeafes that occafion an accu-

mulation of obllrudlive matter in the primary paflages,

require the phyiician to poflefs fome chemical know-

ledge ‘i

•
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ledge ;
as it is certain that fome fubftances will act

with more force than others on that obftrucrtive matter.

Thus, for inftance, acids may be adminiftered to re-

move one kind of obftru&ion, and folutions of falts for

another.

But the greateft advantage which the practitioner of

medicine can derive from chemiftry, is.on thofe alarm-

ing occafions when, by accident or defigii, fome of

thofe corrofive fubftances have been fvvallowed, which

prove fatal to life by attacking the vifcera, and de-

ltroying their organization. On fuch occalions che-

miftry lends the readieft and molt effectual aid to me-

dicine, by fupplying fubftances which have power to

decompofe the poifon, and by that means obviate its

direful effects. Navier, a celebrated medical chemift

of Chalons, has publifhed a work, in which he points

out effectual remedies to prevent the deftructive ef-

fects of the poifons of arfenic, corroftve fublimate,

verdegris, the preparations of lead. Notwithftand-

ing the angry declamations of fome phyficians, who
feem delirous of excluding the fciences from the prac-

tice of medicine, his work well deferves the gratitude

of pofterity. Not only does chemiftry at prefent en-

able us to counteract effectually the operation of mine-

ral poifons; but there is even reafon to hope, that care-

ful inquiries into the nature of animal and vegetable

poifons, may enable us to difcover fome fubftances ca-

pable of diverting them alfo of their pernicious pow-

ers. Opium, and all narcotic vegetables, the acid and

cauftic jhices, fuch as thofe of fpurge and euphor-

bium, the noxious plants, particularly mulhrooms, are

all well worthy of the particular attention of the che-

mift
; as by his refearches fome means may poflibly be

difcovered which may render them no longer equally

dan-



17again/I Poifcns.

J dangerous. It is of no lefs importance to examine the

nature of animal poifons. From the experiments of

Margraaf and Fontana we are already acquainted with

the acid of ants : Thouvenel has difcovered feveral a-

crid fubftances in cantharides : Mead has examined

the venom of the viper : Fontana has punned a train

of obfervations on the fame poifon
;
and has difcover-

ed, that the lapis caujlicus, introduced immediately in-

to the wound made by this reptile, decompofes the

poifon, and prevents its effects.

Though chemiltry we^e not to contribute fo much in

thefe inftances to the benefit ofmedicine
;
yet dill byfup-

plving fuch a number ofvaluable drugs, file muft be con-

fided to render fervices of the higheft importance to this

|
ufeful fcience. Stibiated tartar, together with the various

mercurial, antimonial, and martial preparations, which

l. are fo often and fo fuccefsfully prefcribed, when con-

fidered as the gifts of chemifiry, muft furely induce

phyficians to efteem the fcience, and to encourage thofe

who profecute chemical refearches from a defire to

contribute to the advancement of medicine. As for

myfelf, the natural bent of my genius, no lefs than my
particular fituation, leads me to cultivate both fciences

I with the moft earned wifhes to promote their im-

I

provement. The declamations of thofe, who from

their ignorance of chemiftry, are induced to reprefent

it as of no utility in medicine, fhall never detach me
from this fcience. I have engaged with ardour in the

ftudy of animal chemiftry, and am determined, to fol-

low the fteps of thofe who have already pixfigcuted it

with fp much fuccefs.

To conclude our obfervations on the utility of che-

miftry to medicine
;
we Ihall only add, that a certain

degree of chemical knowledge is abfolutely necefiary

Vol. I, B to
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to enable the phyfician to make out a prefcription of

any compound medicine, to be prepared by the apo-

thecary. Perfons unfkilled in chemiftry are liable to

commit the groffeft blunders daily in making out pre-

fcriptions ;
to order, for inftance, the compofition of

fubftances incapable of fubfifting in union, or which

have a mutual tendency to decompofe one another. In

the cafe of decompoiition, the medicine adminiftered

cannot poffibly produce the defired effects. Chemiftry

furnifhes the only means to prevent fucli blunders ;

which are often attended with the molt unhappy con-

fequences. If poffeffed of chemical knowledge, we

will never attempt to compound together fubftances

incapable of mutual combination
;
the laws of che-

miftry mull always direct us in the preparation of

compound medicines. Without a knowledge ot che-

miftry, the phyfician mull ever be liable to commit

numerous blunders ;
which, though they fhould be

followed by no other bad confequences, cannot but ex-

pofe him to the contempt of the apothecary ;
as the

practice of the apothecary naturally makes him ac-

quainted with many chemical facts.

The ufefulnefs of chemiftry in the arts, and the re-

femblance of its proceftes to the manipulations of ar-

tifts, have caufed it to be confounded fometimes with

alchemy, fometimes with pharmacy; though ^muft
be very ignorant indeed, who can, thus confound ob-

jects fo widely different from one another, and can re-

gard the chemift as a fanciful projector, untveariedly

errtployed in a vain fearch for the philofopher’s ftone.

Even a very flight attention to the nature and purfuits

of chemiftry, may be fufficient to convince any perfon

that there is a vaft difference between thofe purpofes

which
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which the 'chemift purfues in a train of regular con-

nected refearches, and the tranfmutations which the al-

chemiit pretends to effeCt by a fet of abfurd and deful-

tory proceffes. That miitake which leads many people

to regard chemiitry as the art of preparing drugs is

more excufable
; it confounds not the chemift with

the ignorant and infignificant operators of the Great

Work; who, as is humorouily obferved by Macquer,

are the artifans of an art which has no exiitence
;
but

aiTociates him with a clafs of ufeful and refpeCtable

artilts, whofe labours are of high importance to fociety.

Yet as pharmacy is but one ‘branch of chemiitry, to

confine chemiitry to the making up of medicines, is to

entertain a very unjuit idea of the extent of the

fcience. Pharmacy, as well as all the other arts de-

pendant on chemiitry, is guided and aifiited in its ope-

rations by this fcience. But chemiitry, in its nature

and objeCtS, is more fublime and extenfive
; it extends

its inquiries and inductions to the reciprocal aCtion of

all the bodies in nature ; and thus contributes at the

fame time to the advancement qf bqth phjlofgphy and

the art§.

$ t CHAP.



CHAP. II.

The Hiftory of Chemjlry.

THE ftudent of any fcience fhould make himfelf ac-

quainted at leaft with the outlines of its hiftory. A
knowledge of the leading fadts, and of the dates of diffe-

rent difcoveries, will be of ufe to enable him to avoid

the errors of thofe who have preceded him in the fame

purfuits, and to diredt him to the path which leads to

improvement. But as a very minute detail of the hi-

ftory of chemiftry might poflibly be confidered as an

unneceffary digrefiion from the main objedt of this trea-

tife, we fnall confine ourfelves to a view of leading

facts, without entering into particulars. Whoever is

defirous of fuller information concerning the rife and

progrefs of chemiftry, may confult a variety of well-

written works which have been publifhed on the fub-

ject
;

particularly, the Treatife of Olaus Borrichius, de

ortu et progrefju Chernies; the article Chimie in the Dic-

tionnaire Encyclopedique

;

the Introduction to Senac’s

Treatife on Chemiftry; Abbe Lenglet du Frefiioy’s

Hiftory of the Hermetic Philofophy
; the firft chapter

of Boerhaave ?
s Chemiftry

;
and the Difcourfe prefixed

to Macquer’s Chemical Dictionary, &-c.

To
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To give the reader a brief and methodical account of

the progrefs of the human mind in the ftudy of che-

miftry, and of the fuccefiive diicoveries which have been

made in this fcience
;
we (hall divide our hillory into

fix periods.

I.

TJje Origin of Chemijlry among the Egyptians
,
and its

progrefs among the Greeks.

The origin of chemiftry is hid iii the fame obfcurity

which conceals that of the other arts and fciences.

The patriarch Tubal-Cain, who lived before the flood,

is confidered as the inventor of chemiftry
;
but the on-

ly part of it known to him was the art of working me-

tals : he feems to have been the fame with the Vulcan

of fabulous hiftory.

We may with more confidence afcribe the invention

of this fcience to the ancient Egyptians. According

to Abbe Lenglet du Frefnoy, Thoth or Athotis, fur-

named Hermes or Mercury, is the firft of this nation

of whom mention is made as being a chemift. He
was the fon ofMezraim or Ofiris, and the grandfon of

Cham. He became king of Thebes.

Siphoas was the next Egyptian monarch, who was

alfo diftingui filed as a philofopher. He lived 800 years

after Athotis, and 1900 before Jefus Chrift. He is

named Hermes, or Mercury Trifmegift us, by the Greeks;

and is therefore the fecond Mercury : he is confidered

as the inventor of natural philofophy
;
he wrote two

and forty books on the fubjed of philofophy, the titles

of which have been handed down to us by various hi-

ll b 3 ftorians.
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ftorians. None of them feems to have treated directly

of chemiftry ;
though from him has the fcience been

intitled the Hermetic Philofophy.

We know but little concerning thofe who cultivated

chemillry among the Egyptians
;
but the fcience ap-

pears to have made confiderable progrefs among them,

for they pradlifed many of the arts dependant on che-

miflry
;

particularly the arts of forming imitations of

the precious hones, of calling and working metals, of

painting upon glafs, Sec. : but the Chemiftry of this

ancient people has been loll, as well as their other arts

and fciences. The priefts involved them in myftery,

and concealed them under the veil of hieroglyphics.

Alchemifls have perfuaded themfelves, that fome vefti-

ges qf their pretended art may be traced among the re-

mains of the Egyptian hieroglyphics
;
and that the

temple which the Egyptians dedicated to Vulcan was

erected in honour of alchemy.

The lfraelites acquired a knowledge of chemiftry

from ttye Egyptians. Mofes is confidered as a chemift,

on account of his difTolving the golden idol which the

people had fet up. It has been thought, and Stahl has

even written a differtation to prove, that h.e rendered

the gold foluble in water by means of liver of fulphur.

Such a procefs fuppofes a pretty extenfive knowledge of

chemiftry.

Democritus of Abdera, who lived about 500 years

before Jefus Chrift, travelled into Egypt, Chaldea, and

Perfia, Sc c. and is faid to have gained fome fkill in

phemiflry in the firft of thofe countries. Though the

fon of a man whofe opulence had enabled him to en-

tertain Xerxes and all his attendants, he returned very

poor to his native country, where he was kindly recei-

ved, however, by his brother DamafTus. Retiring to

a
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a garden near the city-walls of Abdera, he employed

himfelf in the ftudy of plants and precious ftones. Ci-

cero afterts, that Democritus, in order that he might

not be diverted from his {peculations by external

objeds, deprived himfelf of fight by gazing on the

rays of the fun refleded from a vefiel of polifhed

copper : But Plutarch denies this fad. Pliny was fo

amazed at the knowledge of Democritus, that he con-

fidered it as quite miraculous.

Several authors reckon Cleopatra a chemift, be-

cauie fhe knew how to diflblve pearls. It is even

affirmed, that the art of chemiftry being known to all

the Egyptian priefts, continued to be pradifed among

that nation till the time when, according to Sui-

das, Dioclefian thought to reduce them more eafily un-

der fubjedion, by burning their books on chemiftry.

II.

The Chemiftry of the Arabians.

After a long feries of ages, through which it is im-

poffible to trace the progrefs of chemiftry amid the re-

volutions of empire ;
this fcience again appears among

the Arabians, and cultivated fo fpccefsfully as to merit

our attention.

Under the dynafty of the Achemides, or Abaffides,

the fciences, which had long been negleded, regained

their former vigour. Almanzor, the fecond Caliph of

that family, eagerly cultivated aftronomy. Harum
Rafchid, the fifth caliph, who was dotemporary with

Charlemagne, caufed feveral books on chemiftry to be

tranflated from the Greek into the Arabic,

2 B 4 In
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In the ninth century, Gebber of Thus, in Chorazan,

a province of Perfia, wrote three different treatifes on

chemiflry ;
which contain a number of tolerably good

things. His mailerpiece is intitled, Summa perfeclionis

mcigijlerii. He has written with confiderable perfpi-

cuity on dillillation, calcination, the redudtion and the

folution of metals.

In the tenth century, Rhazes, phyfician to the ho-

fpital of Bagdad, firfl applied chemiflry to medicine.

Some of his pharmaceutic prefcriptions are flill in e-

lteem.

In the eleventh century, Avicenna, a phyfician, in

imitation of Rhazes, applied chemiflry to medicine.

His merit raifed him to the office of Grand-Vizir; but

his debaucheries occafioned his degradation from that

office.

III.

Chemijhy pcijfesfrom the Eafi to the Weft, in the time of

the Crufades.

The art of making gold continued long in repute,

according to the authors who have written upon it.

But the madnefs that gave rife to it rofe to its greatefl

height between the eleventh and the fixteenth century.

The chemical facts which had been difcovered by the

Egyptians, collected by the Greeks, and applied to

medicine by the Arabians, became known to the four

nations who vifited the eaft in the Crufades ; and Eng-
land, France, Germany, and Italy, foon fwarmed with
a fet of men eager in fearch of the philofopher’s hone.

As their labours contributed to the advancement of

chemiflry*
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chemiftry, it is but reafonable to take notice of fome

of the moft diftinguiihed among tliofe lingular ge-

niufes.

In the thirteenth century, Albert the Great, a Do-

minican of Cologne, and afterwards of Ratilbop, was

reputed a magician
;
and compofed a work, which

contains defcriptions of many alchemical procefles.

Roger Bacon, born in the year 1214, near llchelter

jn the county of Somerfet, Itudied at Oxford, and came

afterwards to Paris t« pi'ofecute hi's lludies in mathe-

matics and medicine. He is celebrated as the author

of feveral inventions ;
any one of which might well in-

title him to immortality. Among thefe are the came-

ra obfcura, the telefcope, and gunpowder. He is faid

to have made a felf-moving chariot, a hying machine,

a fpeaking head, &c. He was a cordelier, and was

hrnamed the Admirable Doblor. Being accufed of ma-
gic, his fellows were obliged to imprifon him. Pie af-

terwards refided in an houfe in Oxford, where he is

faid to have worked in alchemy. Borrichius faw the

houfe, which was hill known by his name *.

Arnold of Villeneuve, born in Languedoc in 1245,

died in 1310, having ftudied medicine at Paris for 30
years. He wrote a commentary on the trchola Saler-

nitana. The alchemifts refpect him as one of their

greateft mailers. Borrichius, in the year 1664, faw

one of his defeendants, an alchemift, in Languedoc.

Fourteenth century. Raymond Lully, born in Ma-
jorca in 1235, came to Paris in 1 281 ;

where he became

acquainted

* Concerning this houfe, if I miftake not, a tradition has been long

known at Oxford
;

that when a greater man than Roger Bacon pafTes

beneath it, it will tumble down upon his head. It Hands on a bridge.

V And Bacon’s manfion trembles o’er his head.” Johnson.
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acquainted with Arnold of Villeneuve, and ftudied un-

der him. Robert Conftantine relates his having feen

in the Tower of London a Rofe Noble (truck out of

gold, made by Lully, under the reign of Edward V. in

the years 1312 and 1313. He has left feveral books

on alchemy, which contain fome fads relative to the

preparation of acids, or ftrong waters, and the proper-

ties of metals.

Fifteenth century. Bafilius Valentinus, a Benedic-

tine of Erfort in Germany, was (killed in medicine and

natural hiftory. He has left a work on antimony, un-

der the pompous title of Currus triumphalis Antimonii,

on which a commentary has been written by Kerkrin-

gius. That book defcribes a confiderable number of

antimonial preparations, which have been lince offer-

ed to the world as new difcoveries, under different

names, and have been prefcribed with great fuccefs for

feveral diforders.

The two Ifaacs of Holland, father and fon, though

but little known, have left fome treatifes which are

praifed by Boerhaave, and from which they appear to

have been acquainted with aquafortis and aqua regia.

All thefe authors have written on chemiftry in a

very obfcure, confufed manner. Though acquainted

with fome proceffes of folution, extradion, and purifi-

cation, &-c. their preteniions rofe much higher than

their knowledge ;
and fcarce any advantage can be

derived from a perufal of their works.

IV.
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IV.

The univerfal Medicine ; Pharmaceutic Chemijlry j Al-

chemy oppofed, from the Jixteenth to the middle of the

feventeenth Century .

Though the vain projects of the alchcmifts had been

invariably unfuecefsful, and had been almoft always

attended with the lofs of fortune and reputation
;

yet,

in the fixteenth century, a prodigious number appear-

ed, at the head of whom was Paracelfus a Swifs phyfi-

cian, born at Zurich in 1493, whofe reveries were ea-

gerly embraced by the reft. That fanciful man aflert-

ed, that there was an univerfal medicine, and fubftitu-

ted chemical preparations in the place of the Galenical

pharmacy then in ufe. He cured many difeafes in

which the ordinary remedies had been ineffedtually ap-

plied, and particularly venereal complaints w7 ith mer-

curial preparations. He performed fome very fur-

priling cures
;

but became fo extravagantly flufned

with his fuccefs, as to burn in public the writings of

the Greek phyficians. He died amid his imaginary

triumphs in au inn in Saltzburgh, at the age of 48,

after having promifed himfelf immortality from the

ufe of his fecrets.

Notwithftanding the extravagance and abfurdity of

his idea of an univerfal medicine, it attracted the at-

tention of alchemifts, and revived the fpirit of alchemy.

Several imagining that they had difeovered the uni-

verfal medicine, aflumed the new title of Adepts.

Among thofe were, at the beginning of the feventeenth

century,

1. The
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1. The Roficrucians, a fraternity that arofe in Ger-

many, were never known but by name in France, and

whofe individual members never made any public ac-

knowledgment of their principles. They pretended

to be in polfeflion of the art of tranfmutation, the uni-

verfal fcience, the univerfal medicine, and the fcience

of occult things, &c.

2. A wandering fellow, named Alexander Sethon

or Sidon, who is faid to have performed the work of

tranfmutation in Holland, in the prefence of a perfon

of the name of Hauffen. HaulTen related the fact to

Vander Linden, grandfather to the phylician of that

name, who collected a medical library.

3. Another named Thomas Vaughan, born in Eng-

land in 1612. He 'went to America, where Starkey

law and received gold from him. Boyle correfponded

with him. This is the fame adept who, in France,

gave his powder of projection to Hevelius. The latter,

jn confequence of this pretended miracle, which rvas

nothing but a trick, wrote a difiertation De Vituh

aurea, &-c.

Yet the fuccefs with which Paracelfus had prefcri-

bed his chemical medicines, induced a number of phy-

ftcians to cultivate that new art
;
and in a Ihort time

feveral valuable works appeared on the preparation of

chemical medicines. Such are the works of Crollius,

Schroder, Zwelfer, Glafer, Tackenius, Lemery, & c. ;

as well as the pharmacopoeias publiflied by the princi-

pal faculties of medicine in Europe. About this time

Glauber, a German chemift, rendered an important

fervice to his art, by examining the refidues of opera-

tions, which had hitherto been always thrown afide as

ufelefs, and diftinguifhed by the name of caput mor-

tuum, or terra damnata. He difcovered by this means

the
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the neutral fait which bears his name, and the ammo-

niac vitriolic fait, and explained the chemical procelfes

neceflary in preparing mineral acids, &c.

Several of thofe who have contributed to the ad-

vancement of chemiftry fince the days of Paracelfus,

were not fully convinced of the abfurdity of his wild

notions. Among thofe were Caflius, known for his

precipitate of gold ;
Sir Kenelm Digby, who believed

in the fympathetic action of medicines
;
Libavius, who

has communicated his name to a preparation of tin;

Van Helmont, famous for his lingular notions both in

chemiftry and medicine ; and, laftly, Borrichius, a

Danifh phylician and chemift, who firft difcovered and

made known to the world the pofiibility and the man-

ner of inflaming oils with the nitrous acid, and who
deferves the gratitude and refpedt of the world for ha-

ving bequeathed his library and chemical laboratory

for the ufe of indigent ftudents of medicine.

Alchemy was now oppofed by two celebrated ge-.

niufes, who were fuccelsful in their attacks. The one*

the celebrated Father Kircher the Jefuit, to whom we
are indebted for a noble work, intitled Mundus Sub-

terraneus j the other, the learned Conringius.

V.

Rife and Rrogrefs of philofophical Chemiftry, from the

middle of thefeventeenth to the middle of the eighteenth

Century.

Hitherto chemiftry had never been treated in a

philofophical manner. The chemical arts had indeed

been defcribed, medical formulas had been given, and

1 the
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the nature of metals painfully examined, from the hope

of making gold, or difcovering an univerfal medicine

:

A chimera Hill fondly believed by the ignorant and

enthuliaftici ! But nothing more had been done* A
great number of chemical fads were known

;
but none

had attempted to form them into a fyftem : And, as

the celebrated Macquer has ingenioully obferved,

though many branches of chemiftry were known and

pradiied, the fcience itfelf was not yet in exiftence. -

Towards the middle of the feventeenth century,

James Barnet, phylician to the King of Poland, ar-

ranged the principal fads then known in a methodi-

cal manner, accompanying them with obfervations, in

his Philofophy of Chemiftry. The work of that learn-

ed author is the more valuable, on account of his be-

ing the firft who attempted to form a complete fyftem

of chemical knowledge, and ranked chemiftry among

the fciences.

Bohnius, profeftor at Leipfic, wrote alfo a book on

fcientiftc chemiftry, which was very favourably recei-

ved by the world, and w?as long the only elementary

hook on the fubjed.

Joachim Beecher of Spires, a man of very confider-

able genius, phylician to the Eledors of Mayence and

Bavaria, diftinguifned himfelf fo highly in this fcience

as to caufe the names of the two laft mentioned writers

to be almoft entirely forgotten. In his noble wmrk,

intitled Phyjica fabterranea ,
he has colleded all the

chemical phenomena at that time known, and has de-

feribed them with amazing accuracy. He has even

foretold many of the difeoveries vrhich have been fuc-

ceftively made fince he wrote
;

fuch as the exiftence

of aeriform or gazeous fubftances ;
the poflibility of

reducing animal bones into a tranfparent glafs, &c.

1

A
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A celebrated phylician, whofe name marks the com-

mencement of a new and more illuftrious aera in the

annals of chemiftry, has done him the honour of wri-

ting a commentary on his work. J.
Erneft Stahl, who

was born with a natural fondnefs for chemiftry, under-

took to illuftrate the doctrine of Beecher by a commen-

tary. His favourite object, to which he more parti-

cularly directed his attention, was to demonftrate

the exiftence of that inflammable earth which he

denominated Phlogifton. Not inferior to Beecher in

genius, he excelled him in accuracy and method. His

treatifes on fulphur and falts, together with that which
is intitled Trecento. Experimenta, have acquired him
immortal honour, and have ranked him among the firft

characters of the age in which he appeared.

Boerhaave, amid his various engagements, found

leifure to cultivate chemiftry, and compofed a very

profound work on this fcience, which has long been

highly celebrated. The treatifes on the four elements,

particularly that on fire, which form a part of that

work, are each of them mafterpieces, containing all

that was at that time known on their particular fub-

je&s. He was alfo the firft who attempted to analyfe

vegetables
;

and to him we owe the fpiritus reftor,

&c.
\

Stahl’s theory has been generally adopted by fuc-

ceeding chemifts, and has acquired greater liability

from the labours of the two illuftrious brothers Meflrs

Rouelle, to whom we are chiefly indebted for the pro-

grefs which chemiftry has made in France, and whofe

lofs is feverely felt by the chemical world.

The illuftrious Macquer, of whom death has now
deprived the philofophical world, contributed in a ve-

ry fignal manner to the advancement of the fcience ;

and
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and his valuable works are Hill juftly efteemed, over

all Europe, as the belt guides to chemical knowledge.

Befid es the important fervices which he performed to

the world, by publifhing his Dictionary and Elements

of Chemiftry, his inquiries and difcoveries concerning

t.he nature of arfenic, Pruflian blue, the dying of lilks,

clays for pottery, &c. might well immortalize his name,

and intitle him to the gratitude of pofterity.

VI.

I
Pneumatic Chemijlry : the prefent Time.

Stahl, being totally engaged in demonftrating the

exiftence of phlogifton, and tracing it through all its

combinations with other bodies, feems to have over-

looked the influence of air in molt of thofe phenome-

na in which he afcribes l'o much to the energy of the

inflammable principle. Boyle and Hales had already

Blown the neceflity of referring many chemical phe-

nomena to the operation of that fluid. Boyle had-4a-

ken notice of the different appearances which the fame

chemical events exhibit in the open air and in vacuo.

Hales bad obtained from a variety of bodies a fluid

which he took for air, but in which he obferved a num-
ber of peculiar properties

;
fuch as fmell, inflamma-

bility, &cc. according to the nature of the fubflances

from which it was obtained. He was led to coniider
\

air as the principle on which the eonliftency and foli-

dity of bodies depended.

Dr Prieftley, by repeating a great part of Hales’s

experiments, difcovered a number of fluids, which,

though they have the appearance of air, yet differ from

it
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I it in all their eflential properties : and, in particular,

1 from metallic calces he extracted a fpecies much purer

ft than atmofpheric air.

M. Bayen, a chemift defervedly celebrated for the

accuracy of his refearches, examined the calces of mer-

cury, and found that they are reducible without phlo-

gifton, and that during the procels they emit an aeri-

I form fluid in great abundance.

M. Lavoilier, foon after this, difcovered, and proved

I by a number of fine experiments, that in the procefs*

of burning or calcination, a portion of the air always

enters into combination with the body which is cal-

cined' or burnt. In confequence of this difcovery, he

formed a feet of chemifts who agreed with him in

doubting the exiftence of phlogiflon, and aferibed to

the fixation or the difengagement of air all thofe phe-

nomena which Stahl had referred to the feparation or

I the combination of phlogiflon. It muft be granted,

that this dodtrine has been more fully demonftrated

than Stahl’s
;

and that it agrees better with that ac-

curacy and method which have of late been introdu-

ced into the ftudy of natural philofophy. In this light

did it appear to the late M. Bucquet, who in his two

or three laft courfes of ledtures feemed to give it the

j

preference. The moft prudent part on this occafion

certainly was, to wait till it could be determined by a

greater number of facts, whether all the phenomena of

chemiftry might be explained by the theory of gafes,

without our having recourfe to phlogiflon. M. Mac-
quer, fenflble that a confiderable revolution muft ne-

cefiarily take place in the fyftem of chemiftry in con-

fequence of thefe difeoveries, but thinking it impoflible

to account for all the phenomena without admitting

^ the prefence of an inflammable principle, fubftituted

Vol. I. C light



34 Pneumatic Chemijlry.

light in the room of phlogifton
; as the exiftence of

the latter had never been ftri&ly demonftrated, while

the influence of light on many chemical phenomena

is a well known and undeniable fact.

Since the death of that celebrated chemift, the fcience

has been enriched with a variety of difcoveries, all

tending to confirm the new theory. The multitude

of fadts which I have been collecting during a period

of twelve years, and the number of the experiments of

other chemifts, which, on a repetition of them, 1 have

found attended with the fame refults, have finally con-

vinced me of the juflnefs of that theory, and have led

me to confider thofe naturalifts who ftill continue to

maintain, with more or lefs keennefs, the exiftence of

phlogifton, as either unfkilled in the fcience, or inca-

pable of accuracy in their experiments.

CHAP.



CHAP. III.

Concerning the Chemical Affinities *

TN the firft chapter it was cbferved, that the rheaiis

iL ufed in performing chemical operations, which have

been arranged under the two general heads of Analyiis

and Synthefis, are imitated from Nature, who employs

them in her operations. To illuftrate that truth, we
fhall here explain what is uhderltood by the chemical

affinities.

A perfon cannot even enter upon the ftudy of na-

ture, without taking notice of that wonderful mutual

force by wrhich all natural bodies are attracted towards

each other. On this great and univerfal law, all thofe

phenomena depend which the philofopher contemplates

with curiofity, and which even the molt ignorant of

men cannot behold Without admiration.

This force, by which indeed the order of the uni-

verfe is maintained, actuates the molt minute bodies as

well as the molt enormous maffes of matter. But it

ads by laws, either effientially different, or at lead

differently modified, according to the mafs, confiftency,

and di fiances, of the bodies fubjed to its influence.

Without examining its effeds on the planetary bodies,

C 2 whpfe
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whofe diftances and motions it regulates *, let us con-

fider in what manner it affects the different parts of

the globe which we inhabit, that we may by this

means difcover its laws.

Natural philofophy teaches, that when two folid bo-

dies of the fame kind come into contact, they adhere

together with a degree of force proportioned to the ex-

tent and fmoothnefs of the furfaces in contact. Thus,

two planes of glafs, or two fections of a metal fphere,

if preffed together, unite with a degree of tenacity

which renders a conliderable effort neceffary tofeparate

them. This force produces all the phenomena obfer-

ved in chemiltry. It becomes, therefore, an object of

the higheft importance to ftudy all its laws, and in-

quire what variations it undergoes from diverfity of cir-

cumstances.

The greater part of chemills have denominated this

force affinity or relation ; becaufe it has been thought

to depend on an analogy or conformity of principles

in the bodies between which it fubfifts. Bergman has

given it the name of chemical attraction : and though

its phenomena are different from thofe of the planetary

attraction firft obferved by Newton, yet, as both de-

pend upon the fame principle, we fhall follow Berg-

man in the ufe of the name. Chemical attraction may

take place between bodies of the fame nature, or be-

tween bodies of different natures. Let us confider it

under thefe two points of view.

$ 1 -

* Neither experiments nor analogy, as far as we know, authorifc

chemifts to confound their affinities with the general laws of gra-

vitation. fThis notion makes us recall to mind the univerfal medicinej

See.
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§ I. Concerning the Attraction or Affinity that takes

place between Bodies of thefame Kind,
or the Affinity

of Aggregation.

WHEN two bodies of the fame nature, for inftanc'e

two globules of mercury, placed at a certain di-

ftance from each other, tend, by virtue of this force,

to unite, and do actually enter into union, they form

a fphere greater in bulk, but precifely the fame in na-

ture. In that event, therefore, this force affeds only

the phylical, or obvioufly apparent qualities of bodies

;

it joins feparate portions of limilar matter
;
by confound-

ing together feveral diftind mafles, it forms a body of

greater bulk, and unites a number of feparate parts in-

to one whole. It is denominated the attraction or af-

finity of aggregation, in order to diftinguifh it from

that which takes place between bodies of different na-

tures. It produces an aggregate in which the phyfi-

cal qualities of the bodies united undergo a new modi-

fication, without any fenfible change being produced

on their chemical qualities. The aggregate is nothing

more than a coherent body, the parts of which are re-

tained in union by the force of aggregation. It niuft

be diftinguiQied from the mafs called an heap

;

for

though an heap confifts of parts all of a limilar nature,

yet thofe parts are difpofed loofely, and without cohe-

rence. It is likewife to be diftinguifhed from a mix-

ture ; which confifts of a quantity of diftimilar par-

ticles blended together without adherence. This may
be farther explained by a familiar example : Flowers

of fulphur, or fulphur in powder, whofe parts have no
adhefion, and may be feparated by the flighted effort,

C 3 compote
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compofe an heap, the parts of which are not affected

by the affinity of aggregation. This mixed with ano-

ther heap, with one for indance confiding of nitre in

powder, gives what is called a mixture by confufion.

But if, by the help of fulion and cooling, you fubject

this heap to the power of aggregation, the molecules

or integrant parts of the fulphur will then be drawn

towards each other during its liquefaction, and will

mix and unite in fuch a manner as to form, when

cooled, an uniform mafs or folid, which will be a true

aggregate.

The force or affinity of aggregation exifts in various

degrees, which are meafureable by the effort neceffary

to feparate the integrant parts of any aggregate body.

We (hall diltinguifh aggregates into four kinds, under

which all the bodies in nature may be arranged.

1. The firft is the hard or folid aggregate, in which

the integrant parts are united by a very confiderable

force, and cannot be feparated without great exertion.

This genus comprehends many fpecies or degrees, from

the hardnefs of the precious dones and of rock-crydal,

to the yielding contexture of the fofted wood. Its

peculiar charaCteridic is to form a mafs, thecondituent

parts of which cannot differ any difcernible motion

without being divided.

2. Bodies whofe condituent parts may be eafily mo-

ved backwards and forwards, fo as to change their

relative fituation, without being feparated, belong to

the foft aggregate. Lefs force is requifite to maintain

the cohefion of a foft body than to preferve the con-

fidency of a folid aggregate ; and lefs reaction to de-

droy it.

3. The fluid aggregate. Its integrant parts are fo

ffightly united, that the gentled effort is fufficient not

only
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only to change their relative fituation, but even to di-

vide them into didindt globule^.

4. Ladly, the aeriform aggregate, the tenuity of

whofe integrant particles renders them imperceptible,

and in which the affinity of aggregation is the lead

poffible. The air of the atmofphere affords an ex-

ample of this.

Thefe four kinds of aggregate are, properly fpeaking,

but different degrees of the fame force : but it is abfo-

lutely neceffary to didinguidi accurately between them

;

becaufe they have an important influence on the ope-

rations and phenomena of chemiflry, which is diverfi-

fied according to their differences
:

yet it may be

proved in the mod fatisfadlory manner, that they are

only fo many different degrees of the fame force
; for

many bodies are capable of affuming each of thefe four

dates fucceffively. Water, in the form of ice, is a fo-

lid aggregate
; its hardnefs is greater in proportion as

its temperature is lower
;
when expofed to the tem-

perature of 32
0 Fahrenheit, it affumes a kind of foft-

nefs * before palling into a fluid date. Its exidence

in this lad date is univerfally known : and philofophers

have calculated what degree of expandve force is ne-

ceffary to reduce it to vapour
;

in which date it be-

comes an aeriform aggregate. Metals, greafe, concrete

oils, wax, See. may be in the fame manner caufed to

pafs through thefe feveral dates of aggregation.

The more particularly any perfon is acquainted with

the laws of chemical attraction, fo much the more will

he be convinced of the importance of didinguifhing

C 4 between
\

* A doubt expreffed by the tranflator of the fecond edition, caufed

me to repeat this experiment ; and 1 found that M. Fourcroy had by-

no means mifreprefented the fadt.
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between thefe feveral kinds of aggregation, and efti-

mating each of them aright. Accurate ideas concern-

ing each of them are eflentially necefiary to enable us

to compare this with the fecond fpecies of chemical at-

traction, which will come next to be examined.

As thefe two kinds of affinity, though they appear

to depend on the fame caufe or principle, yet in all

the phenomena of chemiftry feem to ad in dired op-

pofttion to each other (for it may even be inferred

from fads which ffiall be related, that they are in the

jnverfe ratio of each other), it is abfolutely neceffary

for the chemift to weaken or deftroy the one, when he

wiffies to efied any operation by means of the other.

Now, the attradive force of which we have been fpeak-

ing, is almoft always that which he has occafion to di-

minilh • and it likewife admits of various modifications

by the power of art.

All that is necefiary to deftroy or weaken the affini-

ty of aggregation, is, to oppofe to the cohefion of the

aggregate an external force more than fnfficient to

counterbalance that which preferves the union of its

component parts
;
and the external force applied muft

therefore be proportioned to the adhefion of the parts.

This is the great law to be always obferved in the pre-

paratory operations
;

the foie purpofe of which is to

deftroy the affinity of aggregation. Pulverization,

grinding, rafping, filing, and cutting, are fo many
means for counterading the cohefion of bodies and di-

viding their conftituent parts. Heat apd evaporation

produce the fame effeds on fluids, and on thofe folids

which are fufceptible of dilatation or fufion. But thefe

laft mentioned operations being effeded by heat, come
properly under the fecond fpecies of chemical at-

traction 3 as does alfo the folution of bodies by water.

As
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As art can apply a great variety of means to coun-

teract, and even dellrov the force of aggregation; fo

it likewife affords others to reftore it, and caufe it to

act with all its former energy. All the manipulations

which it employs for this purpofe, confift in placing

the bodies, xvliofe force of aggregation is to be reftored,

in fuch a date of divilion and fluidity, that their par-

ticles may be at liberty to obey the power of attrac-

tion, by applying to each other thole of their furfaces

which are belt adapted to unite; and they thus form a

new aggregate, which, in regularity of figure and co-

hefive force, is generally equal, and fometimes fupe-

rior, to natural aggregates of the fame kind. We may
take this opportunity to obferve, that all aggregate bo-

dies may be divided by their figure into two clafies,.

Regular and Irregular. Every body in nature appears

under the one or the other of thefe two forms
;
and

art, which always emulates, and fometimes even rivals,

nature, can produce atpleafure a regular or an irregular

aggregate. All fubftances capable of puffing through

the feveral Hates of aggregation above enumerated, but

more efpecially falts and metals, may be fo managed
during the procefs by which they are reduced from a

fluid to a folid Hate, as to aflume the form either of an

irregular mafs, or of a body with regular lines, angles,

and furfaces, which is called a cryftal. The firftform

is obtained by keeping the particles of the fluid body,

whether its fluidity may have been occafioned by fire

or water, very near each other
;
and caufing the lique-

faction to ceafe fuddenly, fo that they may come intq

contact all at once, and the affinity of aggregation may
caufe them to unite into one irregular mafs. But, on

the contrary, to produce cryftallization, it is neceffiary

to keep the parts of the body which you with to bring

into
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into that ftate, at as great a diftance as poffible from

one another, that they may remain for fome time in a

kind of equilibrium, before coming into union, and

may prefent to each other fuch of their furfaces as are

belt adapted to unite. From this it appears, that cry-

ilallization is entirely owing to the affinity of aggrega-

tion ; and if the phenomena of cryftallization be obfer-

ved with a proper degree of attention, they will afford

an idea of the manner in which the affinity of aggre-

gation adts. For this purpofe it is mentioned here
;

it

fhall be more particularly explained under feveral fu-

ture articles of this work.

§ II. Concerning that Species of Chemical Attraction

which unites Particles of different Natures; or the Af-

finity of Cornpofition.

When two bodies differing in nature have a ten-

dency to unite, they enter into combination by virtue

of a power fomewhat different from that which we
have been confidering ; it has been denominated the

affinity of cornpofition ; but may be with more propriety

named the attraction of cornpofition. This fpecies of

attradlion or affinity is of (fill greater importance than

the former, as it aids in/all chemical operations, and

none of thefe can be explained without it. The ex-

igence of this power has been always known
;
but it

was not .obferved with the attention which it juftly

merits, till fuch time as it appeared to affedt the prac-

tice no lefs than the theory of the fcience of which we
we are treating. A knowledge of this affinity is effen-

tially neceffary to diredt the pradlitioner who purfues a

train
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train of experiments, as well as the philofopher who

coileds and compares fads. This is the compafs by

which both muft fteer
;
and it may be affirmed, that

whoever is well acquainted with the laws of chemical

attraction, is acquainted with the extent and fublimity

of the fcience.

Convinced of this truth, we ffiall here make it our

bulinefs, firft, to exhibit faithfully all the fads which

can ferve to illuftrate the nature of this affinity
;
and,

next, to give an account of thofe hypothefes which have

been formed to explain its caufe.

Obfervation, the parent not only of chemiftry but

of all experimental fcience, has fhowrn, that the attrac-

tion, or affinity of compofition, prefents certain inva-

riable phenomena
;
which may be confidered as laws

eftablifhed by nature, and which can efcape the obfer-

vation of none but fuch as are incapable of examining

them with due attention. Thefe Jaws, founded on a

vaft variety of well-eftablifhed fads, may be reduced

to eight
j
which are as follows.

\

k

I. Firjl Law of the Attraction of Compofition.

The attraction, or affinity of compoftion ,
cannot act but

between bodies of different natures.

This firft law is invariable, and admits of no excep-
tions. That two bodies may combine, and form a

compound, it is indifpenfably neceffary for them to be
different inland. Join two bodies of the fame nature,
and you form only an aggregate, of which the bulk and
extent are enlarged, but its ellential properties remain
unaltered

j and their union is occafioned and preferved

by
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by the affinity of aggregation, conformably to the ex-

planation already given of the nature of that affinity.

Thus, two pieces of wax, rofin, or fulphur, may be

united by the action of heat
;
and this inftance is fuffi-

cient to explain the difference between aggregation and

compofition.

This law holds fo invariably, that the attradion of

compofition is never ftronger than when the bodies be-

tween which it ads are, in nature, the moft effentially

different from one another. Thus acid falts and alka-

lis, though the properties of the one are diredly oppo-

lite to thofe of the other, enter into the molt intimate

mutual combination, and form the moft perfect com-

pound. The fame oppoiition fubiilts between the pro-

perties of alkalis and fulphur, of acid falts and oil, of

acids and metals, of water and fipirit of wine, &-c.
;

ail

which fubftances have a ftrong tendency to mutual

union.

It is the more neceftary for us to gain an accurate

knowledge of this great law. of the affinity of compofi-

tion, becaufe a number of chemilts, with Stahl at their

head, have laboured to prove, that bodies never enter

into combination, but in confequence of a certain re-

lation, or relemblance between their properties: an o-

pinion to which no perfon will agree who knows the

full extent of this primary law. When reading the

realonings evep of the moft eminent chemilts on this

fubjed, we cannot avoid obferving, that the relations

which they labour to point out between thofe fubftan-

ces which have the ftrongeft tendency to mutual

union, appear always extremely remote
;
and that, by

the fame means, refemblances might be ealily found

out between bodies the moft diffimilar. It is eafy to

lee, however, that thofe ingenious men have propofed

this
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this theory, merely from a delire to Amplify and illn-

ftrate the doctrine of chemical attractions : and thofe

who are fenfible of the difficulty of eftabli filing fyftems

in any of the departments of human knowledge, will

always confider them as intitled to the gratitude of

every friend of fcience. Their labours have not been

without their ufe, as they have collected a number of

facts, and pointed out their connection. But a regard

to truth, which it becomes us to prefer to every other

confideration, obliges us to confefs our ignorance of the

caufe of this important phenomenon, inftead of refer-

ring it to an analogy, the exiftence of which is incon-

fiftent with thofe ideas of the properties ofbodies which

we derive from experiment.

II. Second Law of the Attraction of Compojition.

The attraction of compoftion acts only between the mi-

nutejl particles of bodies.

In order to form a juft idea of the nature of this law,

it is neceffary for us to diftinguiffi chemical from phyr

fical fubjedts. Thefe laft are bodies whofe external

qualities, fuch as weight, bulk, furface, extent, and fi-

gure, are perceptible to oqr fenfes, and may be efti-

mated by their effects upon them. Aggregates are the

bodies whofe qualities are obferved and compared by
the naturalift. Chemical fubjects, again, are fubftan-

ces which have loft their aggregation ;
and which, of

confequence, no longer prefent to the fenfes the phyfi-

cal properties of aggregates. They are minute par-
ticles, the extent of which cannot be meafured, nor
their bulk or form diftinguiftied. It is not till after

bo-
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bodies have been reduced to this Hate of tenuity by the*

feveral preparatory operations above-mentioned, that

they become iubjedt to the affinity of compohtion
;
and

the chemilt cannot caufe them to enter into combina-

tion, without prefenting them to one another in a Hate

of divifion. This force feems to a&uate none but the

minuted particles of bodies : and in this manner does

the attraction of compolition appear to differ from that

which acts between large maffes of matter. The dif-

ference is Hill more ftriking when we conlider the con-

ftant oppofition between the attraction of aggregation

and that of compolition. This oppolition is fo inva-

riable, that we may even venture to advance it as a

chemical axiom, that the attraction of combination is

in the inverfe ratio of that of aggregation ;
thefe two

forces being always in oppolition, and forming a kind

of counterpoife to each other. The attraction of ag-

gregation always refills the combination gf different

bodies
;
where it acts with the greatelt force, they have

fcarce any tendency to mutual union
;
and again, fuch

fubllances as are leaf! under the influence of the force

of aggregation, have a ftrong tendency to combine

with others. The various kinds ofgas, or air, for in-

ftance, of all known fubllances are the leall under

the influence of the force of aggregation
; and of

them there are many whofe tendency to combination is

fo llrong, that they combine with the greateft facility

with almolt any natural body. Yet we fliall afterwards

fee that this happens only when the heat which enters

into the compolition of elallic fluids is but llightly

combined with a bafe
;
and that the aeriform Hate of-

ten occafions a contrary tendency • as for inltance, in

pure air.

ni.
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III. Third Law of the Attraction of Compojition.

Tfje attraction of compojition can unite more bodies than,

two.

This law of chemical attra&ion is one of thofe which

have been eftablifhed by the fewe'ft obfervations
; and

we are hill but very imperfectly acquainted with its

extent. We are acquainted with a vaft variety of thofe

combinations which are produced by the union of two

bodies
;
with a few which are formed by the union of

three bodies
;
but we know of fcarce any inftances in

which four different bodies have an equal tendency to

enter into mutual combination, and remain in that

ftate. Metals are the only bodies that are knowm to be

capable of this laft fpecies ofcombination
;
and ofwhich

two, three, or four, may be effectually blended toge-

ther. It is 'highly probable that there are in nature

combinations made up of more than four bodies, of

fix or eight, for inftance
;
but with fuch we are hither-

to unacquainted. The reafon why fo little progrefs

has been made" in the ftudy of this law, fliall be ex-

plained when we come to treat of the eighth law of the

affinity of compofition. The number of the fubftances

of which any compofition confifts is denoted by faying,

the affinity of one, two, three, or four bodies, and fo

on. The rapid progrefs wdiich chemiftry has of late

begun to make, the multiplicity of its refearches, the

variety of the objeCls to which they- are directed, and
the fcrupulous accuracy of obfervation with which
they are conduced, afford us reafon to hope that thofe

affinities which are named complicated will foon be bet-

ter known.

3 IV.
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IV. Fourth Law of the Affinity of Compojition.

That the affinity of compofitton may take place be-

tween two bodies, at leajl one of the two viujl be in a

fiuidfate.

This law has been long known to chemifts, and has

been long expreffed in this axiom, Corpora non agunt
,

niffnt foluta. Uniform and accurate obfervation has

fliown, that two folid fubltances can never enter into

mutual combination. Even bodies which have the

Itrongeft tendency to unite, cannot be brought into

union till either the one or the other of them be redu-

ced to a fillip aggregate. Bodies enter into combina-

tion with more or lefs facility, according as they are

more or lefs in a (late of fluidity, and confequently pof-

fefs more or lefs aggregative force : and therefore no

two bodies enter into combination with fuch rapidi-

ty as any two of the faline aeriform fluids
;

for in-

itance, the muriatic acid gas and the alkaline gas.

Though no two folid bodies can enter into combina-

tion with each other
;
yet in fome inftances dry fub-

ftances, reduced into a fine powder, react upon each

other with fo much energy, as to unite and form a new
compound. Thus I have difcovered that cauflic fixed

alkali, when reduced by trituration, unites in a cold dry

Bate with fulphur, antimony, and kermes, as I fliall

elfewhere more particularly relate: but in thisTn-

ftance, the reduction of the bodies into their molt mi-

nute particles by pulverization, and the moifture of the

atmofphere attracted by the fait, which foon deli-

ejuiates, have a confiderable fliare in effecting the com-

bination >

r 5
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bination *, and indeed bring this phenomenon under

the law, which we are now engaged in examining.

But it is not always neceflary that the bodies which

you wifh to combine be both fluids
;

it is enough that

one of them be in that ftate. When they unite, a phe-

nomenon takes place, to which chemifts have given the

name of folution. It confifts in the attenuation, divi-

fion, find entire deftruction of the folid body in con-

tadt with the fluid. The caufe of this phenomenon is,

that the attraction of combination between two fub-

ftances, one of which is a liquid, the other a folid,

fuch as the fulphureous acid, and a bit of calcareous

fpar, is ftronger than the aggregative force which pre-

ferves the particles of the folid in exclulive union with

one another. Now fince, by the third law, this

fpecies of attraction cannot adt but on the moll minute

particles of bodies, the fpat mull neceflarily lofe its ag-

gregation, and be reduced into very fmall particles, in

order that it may combine with the fulphuric acid,

and form calcareous fulfate. Formerly, chemifls air-

ways diftinguilhed between the body which effected

and that which fuffered the add of folution: the former

was the fluid, the letter the folid. But modern che-

mifts refufe to admit this diftindtion, as it fuppofes a

force in the fluid fuperior to what exifts in the folid ag-

gregate. M. Gellert wTas the firft w7ho obferved that the

two bodies contribute equally to the act of folution

;

and that in the above inftance, the vitriolic acid could

not deftroy the. aggregation of the fpar, had not the

fpar a tendency to unite with the fulphuric ^acid no lefs

ftrong than that of the acid to combine with it. The
name folvent, therefore, given at prefent to fluids, is not

ftrictly chemical, as it conveys only the idea of a me-
Vol. I. D chanical
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chanlcal operation ;
and it were better to lay it afide.

But iince it has been unluckily introduced, the ftudent

of chemiftry mult always Remember, that when one

body is faid to diifolve another, no more is meant than

that the former is in a fluid date, and that the fluid can

never poflefs greater activity or energy than the folid

;

but the folid may rather be confidered as pofleffing

thefe qualities in a fuperior degree, fince its tendency

to combination is fo powerful as to overcome its ag-

gregative force

The falfe idea of folution which has prevailed till

of late, arofe no doubt from the mechanical theory by

which fome philofophical chemifts have fought to ex-

plain this operation of nature. This theory, which ap-

pears in every page of Lemery’s chemiftry, confifts in

confidering the folvent, an acid, for inftance, as an af-

femblage of very acute points, and the body to be dif-

folved, as containing a vaft number of pores, into which

the points of the acid infert themfelves, fo as to disjoin

the particles of the body, and reduce them to that ftate

of divifion in which the aggregate difappears. To
mention this opinion is, at prelent, all that is neceflary

to fhow its ablurdity and inconfiftency with thofe laws

which accurate obfervation has eftablifhed in the expe-

rimental fciences.

V.
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V. Fifth Law of the Attraction of Compojition.

When two or more bodies are combined by this affi-

nity, their temperature fuffers a change at the inflant of

their union.

This phenomenon fo invariably attends all the com-

binations effected by art, that we cannot help confider-

ing it as one of the laws of the attraction of competi-

tion. The temperature of bodies may be altered in

two ways
;
new combinations fometimes produce cold,

fometimes heat. The latter is oftener produced than

the former : but as cold is certainly produced in feve-

ral fynthetic operations, we have thought proper to ex-

prefs this phenomenon by the general term, Change of

temperature.

It may be objected, that in certain folutions or com-

binations which are flowly effected, no change of tem-

perature is perceived : But we would defire thofe people

who are difpofed to offer fuch an objection, to immerfe

a good thermometer into thofe folutions, and they will

not fail to be convinced that a change of temperature

is produced. It appears from fome valuable obferva-

tions of M. Beaume’s, which fhall be elfewhere more
particularly mentioned, that this phenomenon is occa-

fioned by the change of aggregation, which the bodies

entering into combination undergo as they pafs from a

folid to a fluid ftate. But as that change is- produced

by the action of the aflinity of compolition, both

the one and the other evidently depend on this prin-

ciple.

D 2 Macquer
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Macq'uer has given it as his opinion, that the varia-

tions of the temperature of bodies entering into combi-

nation, are occafioned by the motion of their compo-

nent particles : but though we fhould admit this as an

happy account of the caufe of the heat produced in

new combinations, ftill the cold which takes place in

fome of them remains unexplained. Several modern

chemiffs, particularly Scheele and Bergman, confider

heat as a diftind body, acting a principal part in all

chemical combinations
;

and alfert, that change of

temperature arifes from the abforption or difengage-

rcent of this body. This theory affords a good expla-

nation of the caufe of that change of temperature

which takes place when a new combination is pro-

duced.

VI. Sixth Law of the Attraction of Compofition.

Two or more bodies united by the attraction of compo-

fition, form a fubflance, the properties of which are diffe-

rent from thofe which each of the bodies pojfeffed before

their union.

It is of importance to eftablifh the exigence of this

law
;
becaufe many celebrated chemifts of the prefent

age, have entertained opinions concerning the proper-

ties of compounds, which to us appear inconfiftent with

a great number of fads, and are diredly contradidory

to what we here offer as one of the principal phenome-
na of the affinity of compofition.

Stahl and his followers, whofe genius has, in other

inftances
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enhances, rendered fo many important fervices to che-

miftry, have averted, that compounds always partake

of the properties of thole bodies ot which they are

compounded, and poffefs a'kind ot middle nature be-

tween their principles. They have even carried this

notion fo far as to perfuade themfelves, that it is poffible

to determine the peculiar properties ot any principles,

by examining the compound formed by their union.

Thus, Stahl pronounced falts to be a compound of earth

and water, becaufe he thought he could diftinguifh

their properties to be intermediate between the proper-

ties of thefe two fubftanees. As we are to examine

this leading doctrine when we come to conlider the ge-

neral nature of falts, it would be improper to enlarge

upon it here : We (trail only obferve, that thofe che-

mifts who have adopted this opinion of Stahl’s, have

not been happier than he in the proofs which they

have adduced to eftabiifh it
;
and that the intermediate

properties which they have difcovered in compound

bodies, have always a very remote relation to thofe of

their principles, as (trail be clearly drown to be the

cafe, even in the chief inftances adduced by Stahl. I

mud even acknowledge, that what fir It induced M.
Bucquet and myfelf to examine this theory with parti-

cular attention, and finally to adopt one diredtly oppo-

fite to it, was our obferving with what difficulty, and

how ineffectually, Stahl had laboured to eltablifh it

in his works. All that is neceffary to prove the ex-

idence of this law, for which we rejedt the theory of

Stahl, is, to produce fonre indance's in which the pro-

perties of compounds are totally different from thofe

of either of their principles. But thd phenomena of

all chemical combinations come under this defcrip-

D 3 tion
;



54 Affinity or Attraction

tion
;
not one but affords an inftance in behalf of that

truth which we wifli to eftablifh.

In order to (how, \fl, That bodies which enter into

combination lofe their original properties
;

idly, That
they acquire new properties totally different from thofe

that they before poffeffed
;

let us feled fome pro-

perties of which the variations may be eafily diftin-

guifhed. Talle is often a very eminent property in

two diftinct bodies, which when united are almoft in-

lipid iu comparifon with what they were in that refpect

before. Sulfate ofpotajh, or vitriolated tartar, which
is produced by the combination of two potent cauftics,

the fulphuric, or vitriolic acid, and pure potafh ,
has

only a bitter tafte
;
which is by no means an interme-

diate between the cauftic poignancies of thofe two falts.

Again, two bodies with little or no tafte, often acquire

by combination a very ftrong tafte
;

a few grains of

the oxigenated muriatic acid, or a few grains of mer-

cury given in a glafs of water, can produce no bad ef-

feds on the animal oeconomy
; whereas if combined fo

as to form the oxigenated mercurial muriate
,
or corrofive

fublimate, and adminiftered in the fame manner, they

have a moft pungent tafte, and produce the moft fatal

effe&s on the human conftitution.

Bodies entering into combination are no lefs liable

to change of form. Two fubftances, neither of

which is by itfelf fufceptible of cryftallization, often

afliime a regular form when combined together : thus

the muriatic acid gas, and ammoniac or alkaline gas,

when they enter into combination, form cryftals of

' ammo?iiacal muriate. In other inftances, the form

fuffers only a flight change of modification •, as in the

combination of certain neutral falts, in the union of

fulphur
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fulphur with metals, and in allayed metals ;
which laft

have been obferved by M. l’Abbe Mongez to afford

cryftals fomewhat different from thofe of pure metals.

Lcijlly
,
Bodies that are, in a fimple ftate, highly fufcep-

tible of cryftallization, lofe that property when com-

bined with other bodies. This happens to all metals

when united with the oxigenous principle
;
and to fome

of them when combined with acids, &-c*.

The confiftency of bodies is alfo affected by their

combination ; the confiftency of a compound being al-

moft always different from that of either of the fimple

bodies of which it is compofed. Thus,two fluids oft-

en produce a folid by their combination; for inftance,

the fulphuric acid united with a folution of potafh.

And again, a fluid often refults from the combination

of two folids
;

as from a combination of neutral falts

with ice, and from the mixture of an amalgam of lead

wfith an amalgam of bilmuth. But the quality which

fuffers the rnoft frequent alterations in the combination

of bodies is colour. Sometimes it is loft : thus the co-
t

loured muriatic acid, combined with a metal, becomes

white. But it oftener happens, that two bodies defti-

tute of colour, affume when united either a fainter or

ftronger colour, as when iron or copper are diffolved al-

moft in any of the acids, and when the calces of lead,

mercury, or almoft any other metal, are united with the

oxigenous principle.

D 4 Many

* We cannot avoid making ufe of terms and denominations not yet
explained. But the reader may have recourie to the table fubjoined at

the end of the lad volume, and to the beginning of our account of the
feveral articles to which fuch names belong, for an explanation of them
This inconvenience, though it may perplex the beginner, cannot, b
otherwife obviated.
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Many bodies which, in a fimple ftate, are ftrongly o-

doriferous, become inodorous when brought into com-

bination ;
as for inftance, the muriatic acid gas and the

ammoniac or alkaline gas, which in a limple ftate have

a ftrong fuffocating fmell, form in combination the

ammoniacal muriate, a neutral fait that has fcarce any

fmell. Again, from the union of two inodorous bo-

dies, there often refults a ftrong-fmelling compound ;

fulphur and fixed alkali, each of which is in a fimple

ftate almoft deftitute of fmell, form, when united, liver

of fulphur, or fulphur a fubftance which in a moilt

ftate is extremely fetid.

The fufibility of bodies is fubjedt to the fame chan-

ges. Two fubftances, not fufceptible of fufion, or

which cannot be reduced to that ftate without the

greateft difficulty, when combined acquire the proper-

ty of fufibility in an high degree. Combine fulphur

with any of the metals, and you will have a linking

inftance of the truth of this aflertion. A variety of o-

ther fads, befides thofe which have been here addu-

ced, concur to eftablifh this law in contradiction to the
/

theory of Stahl.

VII. Seventh Law of the Attraction of Compofition.

The attraction of compofition is meafurable by the diffi-

culty of defraying the combination formed between two

or more bodies.

Chemists know how to feparate bodies in union,

however ftrong their mutual attraction or adherence ;

but
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but the means which they employ for that purpofe are

more or lefs eafy, more or lefs complicated. It has

been uniformly obferved, that in proportion as a com-

pound is more or lefs perfect, its component parts are

feparated with more or lefs difficulty : And the degrees

of the difficulty with which any two fubftances are fe-

parated, may be therefore confidered as in direCt pro-

portion to the degrees of the attraction by which they

mutually adhere; from the one we may form a juft e-

ftimate of the other.

We confider it as particularly necelfary to infill on

this law, becaufe beginners are apt to fall into miftakes

in eftimating the differences of the attraction which u-

nites the principles of different combinations. Fro'm

the rapidity with which fome fubftances combine, we
are ready to imagine that their mutual attraction muft

be very confiderable. But long experience fhows that

this eagernefs to enter into combination, inftead of in-

dicating a perfedt compofition, is rather a proof that

the attraction between the bodies is extremely weak,

and can produce but a very imperfeCt compound. In

order, therefore, to determine accurately the degree of

affinity with which bodies unite and remain in union,

we muft confider the eafe or difficulty with which they

are feparated. This w'ill be farther explained by an

examination of the eighth and laft law of this fpecies

of chemical attraction.

VIII.
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VIII. Eighth Law of the Attraction of Compojition.

Bodies have not all the fame degree of chemical attrac-

tion with regard to one another ; and the degrees of

that force fubjifling between different bodies may be

determined by obfervation.

Natural bodies have not uniformly the fame ten-

dency to mutual combination. There are even fome

bodies which abfolutely refufe to unite, or between

which at lead art cannot effect a direct combination

;

fuch as iron and mercury, water and oil, &-c. though

it is not true that thefe bodies have no mutual attrac-

tion. Others require long time and much pains to

bring them into combination.

But the molt important circumftance of this variety

of chemical attradlion is, that lince various bodies are

united with various degrees of force, we may acquire

fuch an accurate knowledge of the particular degree of

force which unites any two bodies, as to effedt a fepa-

ration between them at pleafure. Bergman has con-

trived the name elective attractions, to indicate that

there is a kind of mutual choice between thofe bodies,

which in order to combine with one another, feparate

themfelves from thofe other fubilances with which they

' were before united, and entirely forfake their former

Hate. This decompolition is even the grandeft effedt

of the chemical art

:

by this the chemift is otten able

to perform what appears altogether miraculous to per-

fons unacquainted with the principles on which he

proceeds. To comprehend the nature of this decompo-

lition,
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j fition, let us fuppofe two bodies to be united with a

c force equal to four
; as for inffance, an acid and an

J

’ oxide, or metallic calx: Let us bring a third body, fuch

as an alkali, which has an affinity with the acid equal

to five or fix, into contadt with this compound
;

the

confequence will be, that the alkali, whofe tendency to

combine with the acid is greater than that of the acid

to remain in union with the metallic oxide, will defert

the latter in order to combine with the former. This

is precifely the refult of fuch a mixture, the metallic

oxide appears in a feparate ftate, and a new combina-

tion is formed, confiding of the acid and the alkali.

This decompofition is commonly known by the name

of precipitation j becaufe the fubffance feparated ge-

nerally finks to the bottom of the fluid compound.

The fubffance that finks to the bottom of the veflel

in which this operation is performed, is named a pre-

cipitate. The fubffance by the addition of which the

phenomenon is produced, is denominated the precipi-

tant. There are four different kinds of precipitates.

A true precipitate is formed, when the fubffance which

finks to the bottom is one of the principles of the com-

pound decompofed by the addition of the new body.

When fulfate of lime, which is a combination of lime

and the fulphuric acid, is decompofed by means of pot-

a(h, which fubffance has a greater affinity with the

acid than with lime, the lime being feparated falls to

the bottom, and conffitutes a true precipitate. A falfe

precipitate is produced, when the new combination of

the precipitant with one of the two Ample bodies of

the compound which it has decompofed, falls to the

bottom on account of its infolubility, while the fepa-

rate body remains in a ffate of folution. When mercu-

rial
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rial nitrate is decompofed by the muriatic acid, with

which the oxide of that metal has a ftronger affinity

than it has with the nitric acid, the new combination

of mercury with the muriatic acid finks to the bottom

of the mixture, forming a fulfe precipitate, above

which the nitric acid remains diffolved in water. This

phenomenon depends entirely, as ffiall be elfewhere

fhown, on the different degrees of the folubility of the

different fubftances.

We cannot avoid obferving, in this fecond order of

precipitates, an error of denomination which may tend

to miflead beginners. For, if this name be given to

the fubftance feparated from the compound by the pre-

cipitant, it cannot with any propriety be applied to

the new combination then formed. But though we

fhould even confine the term precipitate to denote

the fubftance feparated by the precipitant, it might

ft ill occalion miftakes
;

as it happens in many cafes

that the infulated fubftance, inftead of finking, rifes

and is volatilized. Thus, when the combination of

the muriatic acid with volatile ammoniac or alkali,

known by the name of ammoniacal muriate, is decom-

pofed by quicklime, with which the acid has a greater

affinity than with volatile alkali, tile alkali evaporates,

and the mixture affords no appearance of any precipi-

tate.

In order to produce thefe precipitates, it is neceffary

that the fubftances be in a liquid ftate : The procefs is

then called precipitation effected in the humid way,

to diftinguifh it from that which is accomplifhed by
the action of fire, or in the dry way, either by means
of fufion or diftillation

;
which operations fiiall be

hereafter particularly explained.

Modern chemifts have likewife taken notice of two

other
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other fpecies of precipitate
;
the diftin&ion between

which is much more juft and ufeful than that between

the preceding. Thefe are pure precipitates and vnpure

precipitates. The firft comprehend all bodies which,

after their reparation from thole compounds into which

they entered, exhibit all their original properties,

without appearing to have fullered any alteration, in

confequence either of exifting in a compound ftate, or

of being expofed to the act of decompolition. The pre-

cipitates of this fpecies are very numerous, but the im-

pure precipitates ftill more fo.

In order that precipitates may be obtained very pure,

it is requilite that they ftiould have fuffered no alteration

by the action ofthe bodies with which they were combin-

ed before their precipitation *, and that there fubfift no

affinity between them and the fubftance employed to

precipitate them. For inftance, when alcohol, or fpiritof

wine, is poured into a folution of fulphate of pot-

afh, the fpirit of wine having a ftronger affinity with

the water than the water has with the fait, the latter is

left in a feparate ftate, and becomes a pure precipitate,

becaufe it has fuffered no alteration from the wTater,

and has not the moft diftant affinity with the alcohol.

But wheq two bodies by combination have produced

mutual alterations on each other, as happens in the

combination of acids with metals, the third body,

fuch as an alkaline fait, employed to effedt a feparation

between them, will give the metal in a ftate very dif-

ferent from its original character, and will thus pro-

duce an impure precipitate. The fame refult takes

place when the precipitant has any tendency to unite

with the precipitate : thus, in the abovementioned in-

ftance of a metallic folution decompofed by an alkali,

' part

6
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part of the alkali entering into combination with the

metallic oxide renders it an impure precipitate. Thefe

two caufes of the impurity of precipitates are almoft

always found to ad together. We can fometimes di-

liinguifh at once whether a precipitate be pure or im-

pure, by adding a much greater quantity of the preci-

pitating body than is neceflary to decompofe the com-

pound. This extraordinary quantity then enables the

precipitant to combine with the precipitate, if there

be any affinity between them, and diflolves it fo en-

tirely as to make it difappear. If a quantity of vola-

tile alkali or ammoniac be poured upon a folution of

copper with the nitric acid, the copper is precipitated

in the form of light blue flakes. The colour of this

precipitate, fo very different from the natural brillian-

cy of copper, fhows it at once to be an impure preci-

pitate : If we add more ammoniac, this will ftill more

plainly appear. The blue flakes are again diffolved by

the fait, the fluid becomes gradually homogeneous

and tranfparent, and affume a very fine deep blue co-

lour ;
a fure proof of the combination of the oxide of

copper with the alkaline fait.

For our prefent accurate knowledge of thefe impure

precipitates, which occur much more frequently than

the pure, we are indebted to the refearches ofM. Bayen,

concerning the decompofition of mercurial folutions

with alkalis, and the ftate of mercury precipitated in

thofe operations.

It is now eafy to underhand the theory of the de-

compofition of compounds of two bodies by means of a

third brought into contad with them : they all depend
upon fimple eledive attradions.

But beginners wfill find more difficulty in acquir-

ing a diftind idea of that complicated phenomenon to

which
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i which diemifts have given the name of double elective

attraction. It often happens that a compound of two

bodies cannot be deflroyed by a third or fourth body

individually
;

while, if a compound of the two lafl be

brought into contad with the firft compound, both

compounds are inflantly decompofed. An example

will make this better underflood : Sulphate of potafh,

or a combination of the fulphuric acid with potafh,

cannot be decompofed by either quicklime or the cold

nitric acid individually ;
but pour into a folution of the

former neutral fait a proper quantity of the calcareous

nitrate, formed by the union of the nitric acid with

quicklime, the two combinations will be mutually de-

compofed ;
the nitric acid uniting with the potafh

to form common nitre, while the fulphuric acid unit-

ing with the lime, forms fulphate of lime
;
which being

lefs liable to folution than the nitre, is therefore preci-

pitated. This affinity may poffibly appear ftrange and

unaccountable
;
but it may be explained in the fol-

lowing manner : The fulphuric acid cannot be fepa-

rated from potafhes, either by lime or by the nitric

acid, becaufe it has a flronger affinity with that alka-

line fubflance than either of the two latter bodies has

with it or with the alkali. But when you prefent to

the fulfate of potaffi a compound of the nitric acid

with lime, the nitric acid immediately exerts its tendency

to combine with the potafh, while the fulphuric acid is

at the fame time attracted by the lime; fo that the de-

compofition of the fulfate of potaffi is begun by the

a&ion of the nitric acid, and completed by that of the

lime. To explain this double affinity dill more clearly,

let us fuppofe the force of adhefion, which unites the

fulphuric acid with potaffi, to be equal to eight; the

nitric acid tending to unite with that alkaline fub-

6 fiance
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ftance with a lefs degree of force, which we may efti-

mate at feven, would be infufficient of itfelf to decom-

pofe the fulfate of potafli
;
but the lime, by its ten-

dency to combine with the fulphuric acid, aids it with

a force which we may conlider as equal to fix
;
and thefe

two forces together amount to thirteen; which fum of

forces is exerted againft the force eight, to feparate

the fulphuric acid from the potalli. This com-

pound force will alfo be greater than that which

maintains the union between the lime and the nitric

acid.

There are therefore two kinds of attraction in

double elective attractions, which mult be carefully

diftinguifhed from each other : 1. The fir ft is that by

virtue of which the principles of each of the two com-

pounds adhere to one another, which in the above in-

(tance retains the fulphuric acid in union with the

potafli, and caufes the nitric acid to adhere to the

lime. I fliall follow Mr Kirwan in giving to this force

the name of quiefcent attractions j becaufe its tendency

is to preferve the two compounds in their firft ftate.

2. The fecond is that by which the four principles of

the two compounds reciprocally change their fitua-

tions,, and are combined in a different order : it is by

virtue of this affinity, that in the above inftance the

potafh combines with the nitric and the lime with

the fulphuric acid. This fecond force I fliall denomi-

nate divellent attractions

;

becaufe it counteracts and

deftroys the firft. From this ufeful diftinCtion, it be-

comes eafv to explain the caufe of this double decom-

pofition, by exhibiting in a table, as Bergman has done,

the forces of the attractions by which it is produced.

Place the two compounds which mutually decompofe

one another between two braces direCtly oppofite, the

acids
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acids {landing in oppofition to the bafes on which they

act ;
between thefe four bodies note down the particu-

lar degrees of the attractive force which they exett up-

on each other
;
add together the two horizontal num-

bers, expreffing the quiefcent attractions
;
add alfo the

vertical numbers which are employed to mark the di-

vellent attractions : if the fum of the latter exceed that

of the former, a double decompoiition and a double com-

bination will be effected. The ufefulnefs and ac-

curacy of fuch a table may be fhown at once by gi-

ving an example of it in the laft mentioned com-

pounds.

EXAMPLE.

Sulfate

of

Potalh.

Nitre, or nitrate of potafh.

Potafh 7

&<’
—

‘

P

Nitric

Acid.

8 quiefcent 3 attract. 4 = 12
»
o
•

6

II

13

Sulfuric

Acid.

Lime.

Calcareous

Nitrate*

Sulfate of lime *.

Chemifts have but lately begun to take notice of

thefe double elective attractions
; and we are far from

knowing them all. Thofe who are engaged in chemical

Vol. I. E re-

* I have given ten fimilar examples of double dec&mpofitions which
take place in the mixture of neutral falts, in two diflertations; which the

reader may confult. See,my Memoirs and Obfervations on Chemtftry

,

Vol. I. 8vq, Paris, 1784, page 308 and 438. A.
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refcarchcs, will frequently obferve this kind of decom-

position in circuniftances where no fiioh phenomenon

was before fufpected to take place. In the hiftory of

faline fubdances we will repeatedly have occafion to

take notice of feveral of thofe double elective attrac-

tions which have been lately obferved by Bergman,

Scheele, &c. and by ourfelves.

Before concluding our account of this tenth and lad

law of the attraction of compofition, we cannot help

taking notice of an ingenious method contrived by a

French chemiit, to exhibit at once all the more regular

phenomena of chemical dccompofition. Geoffroy the

elder, obferving the various
.
relations which fubfift be-

tween different bodies, and the precipitations produced

in confequence of thofe relations, with more attention

than had been applied to that object by former che-

mids, contrived, in the year 1718, to exhibit them in a

table ;
in which he arranged thofe bodies whofe affini-

nities he had obferved, in the order of their affinities.

We only mention that fine contrivance in this fdace

;

but will have many future occafions in the courfe of

this work of explaining it more particularly. Geoffroy

gave that table only as a fil'd attempt, to which he well

knew much might be added. A number of cfaemids

have adopted and enlarged his plan. P.ouelle the el-

der made fome corrections on his table, and added

feveral columns to it. M. de Limbourg, a phvii-

cian at Spa, in an excellent difiertation on the affini-

ties, which, in conjunction with another by M. Sage

of Geneva, gained the prize offered in 1758 by the a-

cademy of Rouen, has formed one dill more extenfive.

M. Gellert, in his Metailurgic Chemidry, has likewife

given a new table of affinities. But none has contri-

buted more to the advancement of this part of the

fcience
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fcience than Bergman, profeflbr of chemiftryat Upfal;

whofe labours have been fo beneficial to the lcience in

general. That celebrated chemilt has followed M.

Baume, in diftinguilhing the attractions which ope-

rate in the humid way, from thole which effect com-

binations in the dry way. He has given two very ex-

tenlive tables, in which he exhibits the elective attrac-

tions of a vaft number of natural bodies. To the fame

philofopher we are indebted fora very ingenious table,

in which he has found means, by a peculiar difpolition

of the chemical characters, to exprefs the phenomena

of double elective attraction : Of this we gave an ex-

ample above.

After giving this view of the leading phenomena of

chemical attraction, and unfolding the laws by which

that force appears to be regulated, we mult obferve,

that in fome cafes thofe laws feem liable to certain va-

riations. We need not here mention all the facts on

which this aflertion is founded, as we lhall be careful

to take notice of them wherever they occur
;
only we

may obferve, that thofe feeming anomalies of chemical

attraction arife from the influence of particular circum-

ftances; fuch as the quantity of the fubftances, the tem-

perature of the atmofphere, motion or reft, folution by
water or fire, that is, in the humid or in the moift way,

the ftate of aggregation proper to each body, &c. Berg-

man has coniidered all thefe circumftances with pecu-

liar care
;
and has fliown how far they may be expect-

ed to vary the laws of attraction. From the various

facts which he has collected relative to this fubject, he

concludes, that thefe variations can be regarded only as

exceptions, by no means fufficient to weaken the evi-

dence on which the doctrine of chemical attraction is

founded.

E 2 We
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We are led to confider two other fpecies of affinity

that have been admitted by fome authors, in the fame

light, the affinity of intermediates and the reciprocal

affinity. By the firft, they underftand that by which

bodies, which have no natural tendency to mutual union,

are capable of being united after one of them has been

combined with a third body, which ferves as an inter-

mediate between them : Oil, for inftance, does not

combine with water
;
but a combination of oil with a

fait conftitutes a foap, which is foluble in water, the fait

a&ing as an intermediate. But it is not the fait which

renders the foap foluble, for its properties are entirely

loll in the foap
;
the folubility of this compound in w’a-

ter is owing to the new properties it has acquired. This

phenomenon falls evidently under the eighth law of

chemical attraction
;
by which it is eftablifhed, that

compounds acquire new properties totally different from

thofe of their component principles.

The reciprocal affinity takes place when a compound
confifting of two bodies is decompofed by a third, and

the feparated principle again decompofes the new com-

bination
;

fo that the principles feem to act reciprocal-

ly. The fulphuric acid has a greater affinity than the

nitric acid with potafh, and accordingly decompofes

a combination of thefe two principles
;
but the nitric

acid, when left in a feparate ftate, has power to divide

the fulphuric acid from the alkali
;

for by heating ful-

fate of potafh with the nitric acid, nitre is again ob-

tained. This kind of affinity, admitted by M. Baume,

is occafioned by two circumftances, whofe influence di-

fturbs the general laws ofchemical affinity. Thecommon
nitric acid muff be warmed before it can decompofe ful-

fate of potafh ; and the nitre obtained by this pro-

cefs is again decompofed by the fulphuric acid, affoon

as the mixture returns to a cold ffate. The fuming,

or
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or nitrous acid, decompofes fulfate of potafb cold ;

faming fpirit of fait or muriatic acid effects the

fame decompofition, according to M. Cornette : but

Bergman has very properly obferved, that the odorating

and fuming acids, which he calls phlogijlicated, have

affinities different from thofe which belong to them in

their fimple date. Belides, in thefe cafes but a very

trifling part of the fait is decompofed.

In all thefe inftances, the order of eledive attradions

is changed and modified by particular circumftances.

The reft of the fads on which Mr Eaume eftabliffies

the exiftence of the reciprocal affinity, fuch as the de-

compofition of ammoniacal muriate by chalk, and of

calcareous muriate by concrete volatile alkali, come pro-

perly under the double affinities
\

as fhall be fiiown

when we treat of thofe falts.

All that now remains to be faid on chemical attrac-

tion is, to give fome account of the different opinions

which have been advanced by philofophers concerning

the caufe of this force.

The firft who attempted to form a theory on this

fubjed, thought that it muft arife either from the ele-

mentary particles of bodies being all of the fame form,

or from the phyfical configuration of the parts, or

laftly, from fome occult relations of their intimate com-

pofition. Thefe notions proceeded naturally from the

mechanical explanations which were applied to all the

phenomena of nature, in the infancy of the fcience of

natural philofophy.

Moll of the modern chemifts who have attempted to

explain the caufe of chemical attradion, have obferved

a remarkable analogy between this force and the ge-

neral attradion dilcovered by Newton. Confidering

nature as fimple and uniform, they have been led to

conclude, that the power poffeffed by bodies of enter-

E 3 ing
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ing into mutual union, mud depend on the fame gene-

ral laws with that by which all bodies are attracted to-

wards each other. They have, compared the minute

bodies on which the force of affinity acts, with thofe

enormous maffes which coinpofe the fyltem of the uni-

verfe
;
and have ventured to affirm, that it is the force

of gravitation which caufes the former to approach each

other, and enter into combination. Several perfons, a-

dopting this opinion, but modifying it in a particular

manner, have concluded, that chemical attraction was

in the ratio of the gravity of bodies, and thofe bodies

which were of the greateft fpecific gravity poiTeffed al-

ways the ftrongeft affinities. This hypothelis is fome-

times indeed jultified by facts, and agrees with the affi-

nities of many of the acids
;
but is contradicted by the

phenomena of a valt number of decompohtions, parti-

cularly of all thofe in which metallic fubftances are

concerned. Some chemilts have been even fo ftrongly

perfuaded of the exiftence of an analogy between the

attraction of large bodies and chemical attraction, as

to imagine it poffibie to mealure and calculate the for-

mer in confequence of our knowledge of the latter.

M. de Morveau, whofe opinions are likely to have con-

liderable weight with other chemilts, has made a num-
ber of experiments with a view to prove the truth of

the above aiTertion. Applying to a furface of mercury

metal plates of the fame diameter, fufpended from the

arm of a balance, the other arm of which carried a difh,

die next put weights into the diffi fufficient to raife the

plate of metal over the mercury; and he actually found,

by making comparative trials of different metals, that

thefe adhered to the mercury with different degrees of

force, proportioned to the affinities known to fubfilt

* be-
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1

between them and that fubftance. 'Gold adhered with

the greateft force to the mercury, a greater weight be-

ing neceftary to raife it than to raife any of the other

metals: Cobalt, again, which is known to have no affi-

nity with mercury, leemed to have no adhefion with

that furface, and was elevated above it with the greateft

cafe. But we mult ufe the freedom to obferve, that

from feveral circumftances, Inch experiments cannot

but be in fomc degree fallacious : the inferior furface

of the fmooth plates of metal applied to the mercury,

cannot but combine with that fubftance
;
and the a-

malgam formed by that event being more or lefs, ac-

cording to the eafe or difficulty with which the metal

unites with the mercury, this combination increafes the

weight of the plate, and renders a greater force re-

quifite to raife it above the mercury. A plate of me-

tal adhering to a furface of mercury, cannot be raifed

above it without dividing the mercury into two lay-

ers ;
fo that the force neceffary to raife this plate is em-

ployed rather in overcoming the mutual adherence of

the particles of the mercury, than in dividing the mer-

cury from the metal.

It mull be acknowledged then, that if chemical

attraction be the fame with general attraction
;
yet

the difference of the laws by which thefe two for-

ces are regulated, proves the former to be a parti-

cular modification of the latter. This truth becomes

evident from a comparifon of thofe laws of the New-
tonian attraction with which we are acquainted, with

the general fadts relative to chemical attraction which

have of late been difeovered : The former acts only

upon large bodies, and in the direft ratio of their

maffes j
the latter affeCts only minute bodies, and

E 4 has
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has abfolutely no influence on fuch as are of any con*

fiderable bulk. Attraction aCts between bodies pla*

ced at immenfe diftances from each other : affinity

never adds but between bodies in mutual contact. In

defcribing the laws of chemical attraction, we have

laid before our readers the faCts on one fide of this

comparifon ; and we are induced to conclude, that

the phenomena which thofe two great laws pre-

fent, are ftill fo ftrikingly different, as to render it

highly proper for philofophers to diftinguifli between

therm

CHAP.



CHAP. IV.

Concerning the Principles of Bodies .

I
T has been the opinion of philofophers in all ages,

that notwithftanding the vaft diverfity of the bo-

dies of nature, they are all compofed of a few pri-

mary Ample fubftances
;
and to thefe they have given

the name of Principles. The analyfes of chemiftry,

which afford the ftrongeft facts in proof of this doc-

trine, having enabled chemifts to form pretty accurate

notions concerning the nature and differences of thofe

principles
; they have admitted feveral kinds of them.

But it muft be remarked, that they have taken the

word principles in an acceptation different from that in

which it was ufed by the philofophers of antiquity.

Ariflotle and Plato applied the name principles to a

clafs of fubftances, which being of fuch fubtlety as to

efcape the obfervation of the fenfes, conftituted, as they

thought, by their union, thofe bodies of a lefs fimple

nature, and perceptible to the fenfes, which ftill conti-

nue to be known by the name of elements. Thefe are

the fame fubftances which have been by other philofo-

phers denominated atoms, or monads. But chemifts, not

prefuming to extend their fpeculations to fuch fublime

2 - and
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and fubtle objects, comprehend under the general

name ofprinciples, all thofe fubftances, whether fimple

or compound, which they obtain by the analyfis of

bodies. But as the principles of bodies, when confi-

dered under this point of view-, mull be extremely va-

rious, they have divided them into proximate and re-

mote. The firft are obtained by a firft analyfis, and

are capable of being refolved into other principles

;

thus, by decompofing a vegetable ftibftance, we obtain

oils, mucilages, falts, and coloured particles
;

all which

are proximate principles of the vegetable fiibftance,

and each of them may by a new procefs be decom-

pofed into other principles. By remote principles, they

underhand thofe fubftances which, being Ampler than

the proximate, enter into their compoiition. Thus,

mucilage, one of the proximate principles of vege-

tables, affords bv a new procefs, oil, water, earth, &c,

and thefe are the remote principles of the vegetable.

Thefe two kinds of principles have been alfo diftin-

guifhed by other names ; fuch as principiated
, ap-

plied to the proximate principles
;
and principlant.

to the remote. Thefe epithets diftinguiih the former

as arifing from the combination of more fimple prin-

ciples ; and the latter, as ferving by their union to

conftitute bodies, which though of a Ids fimple na-

ture, may yet become the principles of new com-

pounds. Some chemifts, to render thefe diftindions

more juft and accurate, admit more than two kinds of

principles : They call thofe principles which appear

fo fimple as to be incapable of farther decompofition,

primary, or principles of the firft order : fecondary prin-

ciples are formed by the combination of the primary

;

the combination of the fecondary conftitutes ternary

prim
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principles ;
and thefe united in a new competition,

afford quaternary principles, &-c.

Philofophers have not uniformly agreed with regard

to the number of the elements. The followers ot i ha-

les the Milefian, who lor his fuperior knowledge was

ranked among the leven wife men of Greece, and, ac-

cording to Cicero, was the lirft among the Greeks who

cultivated the fcience of phylics, coniidercd water as

the great principle of all material bodies, Anaximenes,

aferibing this character to air, ranked it, on that ac-

count, among the number of the gods. Others confer-

red this important function on fire
;
while fome, among

whom was Anaximander, the fcholar of Thales and

mafter of Anaximenes, believed earth to be the prin-

ciple of all things. Each of them fupported his opi-

nion by reafonings more or lefs plaufible : But as the

experimental fciences of natural philofophy and che-

miftry were then unknown, we can regard thefe no-

tions in no other light than as bold conjectures, which

unfortunately happen to be totally deftitute of founda-

tion. About three centuries after thefe philofophers,

Empedocles, a phyfician of Agrigentum, imagined that

the four iubftances, each of which had been in its turn

held to be the principle of all things, w'ere of equal

fimplicity
;
and therefore combined thofe various opi-

nions into one fyftem, admitting four elements, fire,

water, earth, and air. Idis opinion was adopted by

AriAotle and Zeno in the following century. What
induced thofe philofophers to confider fire, water, earth,

and air, as elements, leems to have been rather the

bulk, quantity, and apparently uniform properties of

thefe fubftances, than any accurate notions concerning

their eflential compofition. Fire feems diffufed through

all nature, and its effects are always the fame: Our
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globe is furrounded with a mafs of air, of which the

quantity and efiential properties feem to remain unva-

ried : An enormous mafs of water, whofe depths are

often unfathomable, covers more than half the globe :

Laftly, this globe itfelf, the bulk of which is more than

equal to that of all the beings who inhabit it taken to-

gether, feems to be formed of a folid matter little fub-

jed to change, and of fuch a nature as renders it a pro-

per bafe to fix the other elements. It feems to have

been on account of the bulk and unvarying properties

of thofe bodies, that the firft philofophers were indu-

ced to confider them as the primary materials of which
all natural bodies were compofed.

The peripatetic dodrine of the fchools fupported the

Ariftotelian diftindion of the elements till the fixteenth

century. The fed; of chemifts who then began to pre-

vail, introduced a new diftindion of the elements.

Paracelfus, who was rather an artift than a philofopher,

haftily inferred from the refults of his operations, that

there were five principles : namely, fpirit, or mercury;

phlegm, or water
;

fait ; fulphur, or oil
;
and earth.

By fpirit, or mercury, he underftood all volatile odo-

rate bodies
;

but thefe properties are far from being

peculiar to fimple bodies. Water, or phlegm, com-

prehended all aqueous, infipid, produds
;

but thefe

properties are no furer indications of fimplicity than

the former. The word fulphur, or oil, he applied to

all inflammable liquid fubftances, and of confequence

to a great number of compounds, fuch as the unduous

and efiential oils, &c. By fait, he meant all bodies

pofiefiing the three properties of drynefs, tafte, and fo-

lubility
; which properties likewife belong to many

compounds. Laftly, Paracelfus applied the word earth

to all thofe fixed, dry, and infipid, refidues which are

obtained
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c obtained in moil operations, and are now known to be

: very different in their natures.

E

Beecher, who has treated of the fcience of chemiftry

in a very philofophical manner, being aware of the ob-

jections to which this fyftem of Paracelfus was liable,

and convinced of its inaccuracy, attempted to diftin-

guifh the elementary principles of bodies in a different

manner. He firft affumed two principles very different

from one another ;
moifture and drynefs, earth and

water. The latter of thefe he divided into three fpe-

cies
;
namely, vitrifiable, inflammable, and mercurial

e^rth. His vitrifiable earth was that which, taken

alone, was not fufceptible of any alteration, but poffef-

fed the property of forming fine glafs when mixed

with a certain faline fubftance : he likewife aferibed

to it the quality of rendering thofe bodies into the

compofition of which it entered folid, and almoft in-

capable of alteration. Inflammable earth was that

which rendered all the bodies into which it entered

capable of combuftion : Beecher confidered it as being

likewife the caufe of odour, colour, and volatility.

Mercurial earth he confidered as exifting in mercury,

arfenic, the muriatic acid, &c. ; and the difiinguifh-

ing characteriftic which he affigned it, was to commu-
nicate an high degree of both gravity and volatility to

thofe bodies of which it conftituted part, though thefe

two qualities feem diredlly oppofite and inconfiftent.

Stahl adopted and illuflrated the dodtrine of Beecher.

He confidered inflammable earth as fire exifting in a

fixed Hate, and gave it the name of phlogijlon. He
found himfelf unable to demonftrate the exiftence of

mercurial earth
;

and we have hitherto obtained no
certain knowledge concerning that principle. Stahl

paid great attention to combinations of earth and

water,
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water, and dill more to phlogidon, blit has faid fcarcc

any thing of thofe which contain air ;
which Hales,

nearly about the fame time, clifcovered to act an im-

portant part in chemical phenomena.

From the days of Beecher and Stahl to the prefent

time, chemifts have made no change on the doctrine of

the elements eftabliflied by the philofophers of antiqui-

ty. They have followed Empedocles in acknowledging

four principles, each of which they have conlidered as

exifting in two different dates, i. As free and infula-

ted
;
and in this date have the atmofphere, large mafies

of water, fire in general, and the globe viewed as one

whole been confidered : 2. As combined
; and then

the air, water, and earth obtained by the lad analyti-

cal operations that can be performed on bodies, are the

fubjeds of inquiry.

Such nearly were the opinions concerning the prin-

ciples and elements of things that prevailed from the

time of Beecher and Stahl, till the noble difeoveries of

Priedley and Lavoifier, concerning fire, air, and com-

budion, exploded thefe, to make way for others better

founded. In fad, if immutability of properties, unity

and fimplicitv, are the genuine charaderidics of ele-

ments, and if that fimplicity of charader belongs only

to fuch bodies as we cannot reduce by decompofition,

it is to be remarked, tjl, That of the four elements

there are two, air and water, which art has at length

found means to' decompofe and feparate into feveral

principles, idly, That elementary earth is merely the

creature of fancy
;

as there are a variety of earthy l’ub-

dances all equally fimple and incapable of decohipofi-

tion, as fiiall be diown in the lad chapter of this fil'd

part
: 3dly, That there are many natural bodies, fuch

1 as
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i

as fulphur and the metals, which no art has yet been

able to decompofe, and which mult therefore, in the

prefent date of our knowledge, be conlidered as Ample

fubftances.

From thefe general conAderations, arifing from fads

which lli all be more particularly related in the follow-

ing chapters, and through the feries of the work, it ap-

pears, that the true principles, or primary elements of

natural bodies, efcape the obiervation both of our fenfes

and of thofe inftruments which we employ to aid the

imperfection of our fenfes : that many of thofe fub-

ftances which have been called elements on account of

their bulk, their influence on the phenomena of nature,

and their being found to exift in many of its produc-

tions, are far from being Ample and unchangeable:

and that, in truth, none of the bodies with which we

are acquainted is a Ample fubftance, though we may

aferibe that character to fuch as we have not hitherto

been able to decompofe. And thefe aflertions entirely

agree with the opinions of fome ancient philofophers,

tvho confldered not the elements as the Ampleft of fub-

ftances, but believed them to be formed of principles

infinitely more fubtle and immutable.

What we advance concerning thofe fubAances which

have for fo many ages enjoyed the excluAve title of

elements, but are now diverted of that prerogative, does

not hinder us from conAdering Are, water, earth, and

air, as forming the component principles of mod natu-

ral bodies.

Let us difmifs this fubject with an account of the

terms which have been employed by fome perfons to

diAinguilh bodies, according as their compoAtion is

more or lefs complicated.

The
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The combination of two elements forms a body that

is called a mixt

;

the union of feveral mixts conftitutes

a compound; two compounds make a furcompound

;

the combination of furcompounds gives a decompound

;

two or more of thefe united make a furdecompound.

It would be pretty difficult to give inftances of thefe

feveral kinds of compolitions ; we could indeed go

no farther than to the furcompound. Thefe diftinc-

tions are, therefore, merely fanciful, and can be of no

real ufe in fcience. Macquer, to whom chemiftry is

much indebted for the prefent perfpicuity of its doc-

trines, propofes to explode this barbarous and inaccurate

nomenclature, and to adopt in its room, Firft, Second,

Third, and Fourth Order. We might even purfue the

lame thought, fo far as to adopt thefe names to di-

ftinguiffi principles according to the order of the ana*

lylis by which we obtain them.

CHAP.



CHAP. V.

Of Fire

*

HOUGH we cannot agree to receive the word

element in the fame fenfe in which it was gene-

rally underftood till the prefent time
;
though we can-

not confider thofe four bodies as the firft principles of

all others, and the fimpleft productions of nature
;
yet-

we are willing to inquire into their nature before pro-

ceeding to others ;
becaufe a knowledge of their pro-

perties is neceflary to enable the reader to underftand

our account of the properties of other fubftances, and

becaufe they cannot be arranged under any of the di-

vilions of natural hiftory, being confined to no particu-

lar departments in nature, but extending equally

through all.

None of the four elements difplays greater activity

or fimplicity than fire. The more ancient philofo-

phers, who in this particular have been uniformlj

followed by their fucceflors, gave this name to a

fubftance which they fuppofed to be fluid, adtive,

penetrating, confiding of particles adluated by a live-

ly and incefiant motion, and the firft principle of all

fluidity qnd motion. Whoever confiders this fubjedt.

Vol. I. F mult
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mud readily perceive, that it was merely by conjec-

ture they afcribed thefe properties to a particular ele-

mentary body : for though the exidence of the other

three elements has always been undeniably edabliffied,

yet the exidence of this has never been demonftrated.
r

I here is reafon to think, that in all languages, and

among all nations, the fird ufe of this word was to de-

note the impreffion which hot bodies make upon the

{kin
;
and that it is fignificant of the light which ilfues

from bodies in combudion, as well as fynonymous with

the word heat. Many have confidered it in this view,

admitting the exiftence of fire only where heat is felt

or combudion carried on. Chancellor Bacon was a-

mong the brd that began to doubt the exidence of fire

as a particular duid
;
and obferved, that natural phi-

lofophers, in defining it, had always midaken a pro-

perty for a fubdance. Boerhaave, whofe Treatife on

Fire will be ever regarded as a maderpiece, was fen-

fible of this difficulty; and in order to difcover the

properties of this pretended element, examined what

effects it produces on thofe bodies in which it is be-

lieved to exid
;

fo, like former philofophers, he has

rather given the hidory of hot, luminous, rareded, and

burning bodies, than of bre. This difficulty mud
even continue to perplex the philofopher. The proper-

ties of fire cannot but be intimately connected with

thofe of the bodies on which it acts
;
we can form no

idea of it as exiding in a feparate date. Notvvithdand-

ing the prefent advanced date of chemidry, the exid-

ence of this fubdance is dill undetermined. Fhilofo-

phers continue to believe in its exidence, but are able to

give a fatisfadory explanation only of its effeds. Thefe

difficulties have induced feveral chemids, among whom
was the celebrated Macquer, to coiffider fire as being

nothing

3



cation of bodies, produced by the motion and collifion.

t| of their component particles. But this opinion no

longer prevails among thofe who cultivate chemiftry,

.In order to enter into the feveral theories which have

of late been advanced concerning fire, we mull confi-

der it in a more particular manner. To acquire an

accurate knowledge of this matter, and to comprehend,

that immenfe feries of fads which at prefent confti-

tute the body of the fcience of chemiftry
;
we muft.

make a methodical divifion of our fubjecl, examine and

dilcufs with pains its feveral parts and lubdivifions^

and confider in fucceftive order, as fo many diftind ef-

feds of fire, light, heat, rarefadion, the changes pro-

duced on bodies by heat, and the particular qualities

afcribed to fire in a ftate of combination, when it ob-

tains the name of Phlogifton, &c.

exiftence of light is not doubtful, like that of

tire : both its exiftence and its properties are at

prefent well known. This body, which is thought to

lffiie from the fun and the fixed ftars, is. the principle

which enables the organs of fight to inform us of the

prefence of other bodies. Without it we fiiould be in-

volved in perpetual darknefs, and our eyes would be

entirely ufelefs. Being refleded in right lines from

the furfaces of thofe bodies on which it falls, it ftrikes

the eyes in fuch a manner as to paint on the retina the

images of thofe objeds from which it is refleded.

§
I. Of Light;

)

F 2 Means
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Means have been found to colled! its rays in a darken-

ed chamber, in fuch a manner as to render their pro-

perties fubject to examination, by exhibiting them di-

ftinCt from the bodies which they illuminate.

The motion of light is fo rapid, that it paffes through

the fpace of eighty thoufand leagues * in a fecond of

time, according to the moil eminent aftronomers. It

moves in a rectilinear direction, and confifts of rays,

which, after iffuing from the ftars, feparate and diverge

in obedience to the impulfe originally communicated

to them. Such is their elafticity, that when they fall

on a furface capable of reflecting them, the angle of

their reflection is nearly equal to that of their inci-

dence
;

as is feen in the ftudy of catoptrics. When
light paffes near any body, it is more or lefs inflected

towards that body
;
which inflection, by evincing its

gravitation, fhows it to be a diftinCt fubftance.

However great its fubtlety and velocity, yet it does

not move invariably in a right line. Such bodies as

meet and obftruCt its paffage, caufe it to deviate from

its original direction. When palling obliquely out of

a rare into a denfe medium, it is refracted like any

other folid body
;
but Newton f difeovered its refran-

gibility to he direCtly contrary to that of other bo-

dies. Other bodies recede from the perpendicular line

whenever they pafs into a denfer medium
;
but light,

on fuch an occafion, approaches nearer, to the perpen-

dicular. To explain the laws of the refraction of light

is the province of dioptrics.

When light reaches the furface of the earth, it dif-

covers

Twenty-five of which make a degree
;
equal to 1 67,000 geog. miles.

t W e owe the firft accurate account of thefe phenomena to Des
Cartes.
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covers to animals the prefence of material bodies, and

enables them to dillinguifh them into opaque, trant-

parent, and coloured. Its prefence is fo neceflary to

render thele properties perceptible, that in darknefs

bodies become totally undidinguifliable. Difference,

of opacity, tranfparency, and colour in bodies, depends,

therefore, on the manner in which they are adedted by

light, or in which they affedt that fubdance. A body

is tranfparent when the rays of light-pdfs ealily through

it
;
which depends no doubt on the form of its pores.

As many tranfparent lubllances have great hardnefs

and fpecific gravity, the particles of light which pene-

trate through them mud therefore be extremely fubtle.

As the particles of light pafs through thofe fubftances,

they are refracted in the ratio of their denlity, if they

be hones, falts, or vitreous fubhances : but tranfparent

bodies of the combuhible clafs refledt the particles of

light in a different ratio. Thus, yellow amber has a

much greater refringent power than a faline cryftal of

equal denfitv.

By examining the various' refractions and reflections

of light, the great Newton was at length able to de-

decompofe, or rather to diffedt, this body, fo far as to

difcover that the rays which compofe a beam of light

were each of a peculiar colour. Before him mens no-

tions of the caufe of colours were very obfeu-re and in-

didindt. The refraction and reflection of each ray of

light are determined by particular laws; and therefore

when a dream of light is directed fo as to fall on the

angle of a triangular glafs prifm, and the prifm turned

round on its axis, the rays which compofe the dream
of light being refradted according to different laws, are

feparated in paffing through the glafs, and if recei-

ved on a plane white furfacc, form a long fpedtrum,

P 3 , condding
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confifting of the feven following colours
;

red, orange,

yellow, green, blue, purple, and violet.

The furfaces of opaque variegated bodies produce

the fame effects as the prifm on light. Such feems to

be the caufe of that diverfity of colours which confti-

tutes io confiderable a part of the beauties of nature.

When all the rays which fall upon any opaque body
are reflected, without fufrering any abforption or fepa-

ration by that furface, they ftrike our eyes with all

their luftre, and the colour produced is a white : But

again, if the fame rays fall on a furface by which they

are all abforbed, the eye then bekplds a deep fhade;-

which being a diredt contrail; to the former, conftitutes

black, or rather abfolute negation of colour. In fliort,

as every beam of light confifts of feven different co-

loured rays, of various degrees of refrangibility, what

diverfifies the colours of natural bodies is the various

difpofition of the particles of their furfaces
;
fome of

which reflect one ray, abforbing all the reft, others

another, and fo on. Colour depends, therefore, on the

nature of the furfaces of bodies, and transparency on

the form of their pores
;

and both are occafioned by

the modifications produced on light, either by the fu-

perficies or the interior parts of the bodies on which it

falls. A blue or red colour is produced by the de-

compofition of a beam of light, and the abforption of

all its rays, excepting the blue or the red.

Thefe are the chief properties of light, when confi-

dered in a free ftate, or as it iffues from the fun and

the fixed ftars. But are we to examine it only in this

free and infulated ftate ? Is not this body, as well as

all the reft with which we arc acquainted, fubjedt to

the laws of chemical attraction ? The phenomena of

light are not confined to the? modifications which it

fuffer^
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fuffers from the furfaces of bodies. Subfiances expo-

fed to its influence, by being plunged in its flreams,

often fuffer an alteration and entire change of nature,

without anv other known caufe : and it is reafonable
J J

to think that fuch changes are produced by the opera-

tion of light, which is enabled to effect them by being

capable of chemical attradlion. Art, indeed, has not

yet been able tb determine whether thefe alterations

be occafioned by the decompofition of light, or by that

of the bodies in contact with it, or by the mutual de-

compofition of both
;

which laft is highly probable :

but they are too numerous and too ftriking to be paffed

over unnoticed. We fhall here mention only a few of

the molt remarkable
;

becaufe* our attention will be

more particularly turned towards this objedt in the

hiftory of natural bodies.

Naturalifts have long obferved the influence of light

on vegetation. Thofe engaged in the cultivation of

plants firft obferved that fuch as grow in the (hade are

of a paler colour. This phenomenon has received the

name of atiolcition
;
and the plants on which it takes

place are faid to be aetiolated. Herbs growing under

ftones are white, foft, aqueous, and infipid. Garden-

ers take advantage of this circumltance to fupply our

tables with white and tender herbs and pulfe
;

for they

bind their leaves fo clofely together, that the exterior

defend the interior from the contact of the light. The
colour of herbs is pale or deep in proportion as they

are lefs or more expofed to the rays of the fun
; and

in confequence of this, the nations of the eaft obtain

from the wood, bark, or roots of trees, many of the

mod valuable colouring fluffs, both for permanency

and luftre, which all the ingenuity of European dyers

has never been able to imitate.

Colour
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Colour is not the only property that vegetables de-

rive from the influence of light. From the fame fource

they acquire tafte, fmell, and combuftibility. Thus
'

light contributes to the ripening of fruits and feeds

;

and under the torrid climate of America, vegetables

in general are highly odorous, fapid, and refmous, &c.

Laftly, light exerts fo powerful an energy on the or-

ganization of vegetables, that when the rays of the fun

fall upon them, their leaves pour from their fuperior

pores copious ilreams of vital air
;
but when hid from

the influence of that planet, they exhale a deleterious

mephitic, or rather a real acid, of the fame nature with

that which is extracted from chalk. This important

difeovery was firft made by Dr Prieftley. M. Ingen-

houfze has profecuted it much farther
;

and from the

experiments and obfervations of both, it appears how
powerful the influence of light is on vegetation. In a

great number of chemical operations, light is found to

act with the fame energy as in thefe more general in-

ftances. There is not one fubfcance in nature, that, if

put into a clofe glafs veffel, and expofed to the rays of

the fun, will not fuffer fome alteration from their in-

fluence. Thefe alterations are molt remarkable in mi-

neral acids, oxides or metallic calces, vegetable pow-

ders, and volatile animal oils. Not a fingle metallic

oxide, though more efpecially that of mercury, but

fuffers a change of colour, affuming generally a deeper

fhade from being expofed to the rays of the fun.

Painters’ colours which are kept by merchants in glafs

bottles, afford a good inflance of this. Mineral acids

expofed to the fun become fuming, higher coloured,

and more volatile ; metallic falts become black : ani-

mal oils affume a brown, dufky colour. All of thefe

changes merit the mofl careful attention of chemifts ;

they
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they afford valt lcope to refearch, and have not hither-

to been obferved with fufficient care. Scheele was the

firit who defcribed any of them. M. Berthollet has al-

I fo turned his views to this object ;
and we lhall after-

s' wards fee that he has determined accurately what

ei paffes in many of thefe alterations.

Hi
• *

§ II. Of Heat.

T°,
examine the properties of heat is a much more

difficult talk than to examine thofe of light. Bodies

when heated acquire no additional gravity
;
which might

ferve to prove that heat is a diftinct fubflance. Bacon,

and many other great men, have thought heat to be

only a certain modification of which bodies are fufcep-

tible. It is certain that natural philofophers, as well

as other men, have always confidered its prefence as a

fare indication of the prefence of fire ; have fometimes

confounded it with that element
;
and fometimes con-

fidered heat as one of the diflinguifliing properties of

fire.

Its leading properties are, to penetrate through all

bodies
;

to diffufe itfelf equally, and to tend to an e-

quilibrium
; to dilate all fubftances into which it in-

finuates itfelf, cauling them to pafs from a folid to a

fluid Hate, and from that to affume the form of elaftic

fluids.

Heat is ufually communicated to bodies in one or

another of thefe three ways
;
by contact, by motion,

or by combination. Every perfon mult have obferved,

that when two fluids different in temperature, the one

fenfibly
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fenfibly warm, and the other fenfibly cold, are mingled

together, the former lofes part of its heat, which is

communicated to the fecond, fo that the temperature

of both become the fame. It is equally well known,

that when two folids, one warm the other cold, ap-

proach each other, the latter robs the former of part of

its heat, and the temperatures become equal. As to

the calling forth of heat by motion
;
the friction of

any two folid fubltances, fuch as two hard (tones, two

pieces of wood, ivory, or metal, produces a heat which

often rifes to inflammation. The production of heat

by combination is no lefs undeniable. The union of

concentrated acids with water, quicklime, pure alkalis,

or metals, is productive of a (trong heat : the combi-

nation of certain fluids, fuch as oil and fpirit of nitre,

is even fo powerful this way as to caufe inflamma-

tion.

The laws of the communication of heat were confi-

dered as analogous to thofe of motion, till the labours

of Meflrs Wilcke of Stockholm, Irvine of Glafgoiv,

Crawford and Kirwan of London, Lavoifier and De la

Place of Paris *, gave us new and more accurate ideas

on the fubjeCt. The refearches of thefe philofophers

have (hown, that nothing was lcfs known, or involved

in greater difficulties, than the progrefs and communi-

cation of heat among bodies unequally heated. Their

experiments, though highly ingenious, are not yet fuf-

ficiently numerous. They themfelves do not prefume

to confider their obfervations as of fufficicnt weight to

form an elementary part in the fcience of chemillry :

But it is highly probable that thefe will lead to the

eflablifh-

* Dr Black of Edinburgh is certainly the author of the modern

do&rine of Bleat.
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jeftablifhment of a general theory, which may be ap-

plied to all the phenomena of chemiftry
;
in every one

of which heat ads a part, by either its abforption or

difengagement.

Even the niceft and molt accurate obfervations have

been hitherto infufficient to afford us any determinate

ideas of the nature of heat ;
and both chemilts and na-

tural philofophers are ltill divided in their opinions on

that fubjed. Part follow Bacon of Verulam, in confi-

dering heat to be nothing more than a modification of

which all natural bodies are fufceptible
;
which has no

feparate exigence, but confifts in the ofcillation of the

minute particles of bodies. 1 his was Macquer’s opi-

nion. The philofophers who maintain it, fupport it

on the following fads. Heat accompanies all the phe-

nomena of motion, and appears fubjed to the fame

laws : It is increafed with the increafe of motion, and

diminifhed by its diminution. Excepting its com-

munication or paifage from one body into another, in

which it follows laws different from thofe of motion

;

in all other rel'pcds there is a Itriking analogy between

the two ;
and when this caufe ads with lels force, or

entirely ceafes to ad, heat is inliantly diminifhed, and

foon totally loft. To explain this hypothefis, the phi-

lofophers by whom it is maintained obferve, that even

bodies of the greateft denfity are full of fmall cavities

or pores, the fum of which if they were taken together

would perhaps occupy a larger fpace than the folid

matter of the body that contains them. Thefe void

fpaces afford room for the particles to move one againft

another in a continual ofcillation. The ofcillations are

not obferved, becaufe both the particles and pores are

fo fubtle and minute as to elude our fenfes. Laftly,

The philofophers jvbo regayd heat as an internal mo-
.V »

tion.
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tion, urge, that no experiment has hitherto demonftra-

ted its exiftence in a feparate date, and that it makes no

addition to the gravity of bodies, &c.

On the contrary, many other philofophers, and fome

modern chemifts, are of opinion, that heat is a particular

fluid, diffufed through all nature, of which every body

contains more or lefs. They diflinguifli that fluid as

exifting in two different ftates,—in combination, and

at liberty. In the former ftate, it neither affects our

fenfes nor the thermometer, but remains quiefcent in

thofe bodies of which it conftitutes a principle
;

it is

then more or lefs in a ftate of confinement. In the de-

compofition of the bodies it is often difengaged, and

efcapes into a ftate of liberty: it now becomes capable

of acting on bodies expofed to its influence
; and its

force is meafurable by a graduated thermometer. As
all bodies that pafs from a folid to a fluid ftate, and

from thence into a vaporous form, excite cold in the

furrounding atmofphere, they fufpect that fuch bodies

abforb a great quantity of heat
;
and when fluids, by

affuming a concrete form, generate heat, they think

that heat is then difengaged from thofe fubftances, and

paffes from a ftate of combination into a ftate of li-

berty.

Scheele, as well as Bergman, being perfuaded

that heat is a diftinct fubftance, has examined with

great attention all the phenomena which it difplays

as a chemical agent fuiceptible of combination. He has

even thought himfelf warranted by his experiments to

conclude, that it is a combination of vital air, which

he calls empyrealfire, and fixed fire or phlogifton, and

differs from light only in the relative quantity of the

laft principle. But however ingenious and accurate

his experiments, the inductions which he has drawn

from
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1 from them concerning the nature and principles of

heat, do not appear to be naturally deducible from the

!
fads

;
and we cannot confider his analyfis of heat as

fully demonftrated to be juft. Some philofophers are

of opinion, that light and heat are the fame fubftance,

only exifting in different ftates. This fubftance be-

I
comes light, when its particles being colleded toge-

ther, and poffeffing all their attractive force, are vio-

lently darted to a diftance : it aflumes the character of

heat, when the fame particles exift in a ftate of divi-

lion, move gently, and tend towards an equilibrium.

Heat may be converted into light, and light again into

heat. It muft be acknowledged, however, that light

often produces effeds very different from thofe of heat

;

as on the nitric acid, the oxigenated muriatic acid,

the calces or oxides of metals, and the leaves of vege-

tables dipped in water; all of which bodies afford vi-

tal air or oxigenous gas when expofed to the rays of

the fun, which can be obtained from fcarce any of

them by the operation of heat. Thus the artificial

light of our fires in pafling through veffels, changes the

nature of the products which it difengages. Laftly,

Mefirs Lavoifier and De la Place feem to think both

thefe opinions true : they confider heat as a diftind

fubftance, which by its prefence in natural bodies oc-

cafions an ofcillation of their component particles.

But though the nature rof heat be not certainly

known, the phenomena to which it gives rife in che-

mical combinations and decompofitions are not the lefs

certain on that account, and are worthy of careful ob-

fervation. It appears from a vaft variety of fads, that

whether a body or a modification, it is of itfelf liable

to no alteration, and is never loft
; and the confidera-

tion of this has induced Meffrs Lavoifier and De la

Place
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Place to form an axiom or general principle concern-

ing its appearance or difappearance. As that axiom

is of the higheft confequence, we lhall infert it here.

“ If in a combination, or in any change of ftate

whatfoever, there be a diminution of free heat, the

whole of that heat will again appear when the fubftan-

ces are reltored to their former ftate
;
and on the con-

trary, if in any combination or change of ftate there be

an increafe of free heat, this additional heat will dif-

appear when the fubftances return to their original

ftate.”

They generalize this principle ftill farther, fo as to

make it extend to all the phenomena of heat ;
and

they then exprefs it in the following terms. “ All the

variations of heat, whether real or apparent, that any

fyftem of bodies can fuffer, are reproduced in an in-

verfe order when the fyftem returns to its original

ftate.”

In order to meafure the quantity of heat that is ab-

forbed or difengaged in the various phenomena of che-

miftry, which appears from what has been fard to be

an objedt of the higheft importance
;
modern philofo-

phers have endeavoured to find means for corredting

the obfervations of the thermometer, and extending its

feale. M. Wilcke propofed to eftimate the heats of bo-

dies by obferving what quantities offnow they could melt

in a given time. Meflrs Lavoifier and De la Place have

contrived a method which is more certain and moreeafily

practicable
;
reducing fubftances that produce heat by

their combination, as well as the veftels in which they

are contained, to the temperature of 32
0 Fahrenheit

;

they then put them into a veflel laid round with ice :

and as the interior furface of the ice cannot be melted

but by the heat which is difengaged while the fubftan-

ces'
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ces are entering into combination, the quantity of the

heat thus difengaged may be meafured by the quantity

of the water obtained by the melting of the ice, which

mult be carefully collected *. By this procefs they

have been able to eftimate the fpecific heats of various

3 bodies, to meafure the quantity of heat abforbed in va-

rious combinations, and even to determine how much
is difengaged in combuftion and refpiration. We are

obliged to refer our readers to the work of thofe learn-

ed academicians themfelves, for an account of this in-

genious inftrument, and the manner in which it is to

be applied to the various purpofes for which it is adapt-

ed ; as the detail of particulars neceffary to ex-

plain it would be inconfiftent with that brevity which

we mean to follow through the courfe of this work f.

Here let us confder more particularly the refem-

blance that appears in fome inllances between light

and heat, as well as thofe peculiarities by which they

are diftinguilhed from each other in the operations

both of nature and art. Though the light of the fun’s

rays warms thofe bodies on which it falls
;
yet we mull

not conclude from that circum dance that light and

heat are the fame
;
there are a great many inflances

in which light is totally deditute of heat, and others

again in which heat is not accompanied with light

;

and a number of philofophers therefore confider them
as effentially different. In fact, phofphori, diamonds,

pu-

#

* We underftand from the Philofophical Tranfaftions, that in fome

attempts made by an ingenious Englifhman, it was found that even this

method may be fallacious.

f See a Memoir on Heat, read before the Royal Academy of Scien-

ces on the 28th of June 1 783, by MeiTrs Lavoifier and De la Place of

that academy. A.
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putrid wood, animal fubftances in a ftate of putrefac*

tion, luminous infects and worms, as well as the rays

of the moon, concentrated on metallic mirrors or len-

fes, afford a Itrong fparkling light, but no fenfible heat:

and all the bodies in nature may be ftrongly heated

without becoming luminous.

The rays of the fun appear to produce heat merely

by their impulfe on the bodies on which they fall, or

by the fridion which they fuffer from thofe through

which they pafs. Red, and more particularly black,

opaque bodies, are fooner heated than white, bright

furfaces ;
doubtiefs becaufe they refrad the rays more

powerfully, and perhaps even becaufe light enters into

combination with thofe high-coloured fubftances, while

white furfaces do not abforb, but relied the rays which

fall upon them.

With regard to the produdion of light by a ftrong

continued heat, as in the combuftion of oils, wood, or

greafe, and the ignition of metals and ftones
;
this may

alfo be accounted for without allowing the identity of

' light and heat. When combuftible bodies are ftrongly

ignited, they at length produce flame
;
which has the

fame effeds as the rays of the fun, and fupplies their

abfence. But this light, which is produced by inflam-

mation, may have before fubfifted either in the com-

buftible body or in the air, the prefence of which is

neceffary to its produdion : and this fad, therefore,

affords no proof that heat may be changed into light.

The ignition of incombuftible bodies, fuch as ftones, in

which light cannot fubfift in a combined ftate, not at

leaf! in the fame manner as in combuftible bodies, has

been very ingenioufly explained by Macquer. In his

opinion it depends on the itrength of the vibrations

communicated to the particles of thofe bodies by the

im-

1
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j

inlpulfe of heat. Thofe vibrations difpoie the particles

in fuch a manner, that their facets, atfting like fo man/

little mirrors, relied; upon our eyes the rays of light,

which exift in the air by -night as well as by day ;
for

We are involved in darknefs during the night, lor no

other reafon but becaufe thefe are not then io direded as

to fall upon our organs of fight. Such were the notions

of Macquer and of many other philofophers. But a

Very numerous feries of accurate fads concerning the

differences of heat in bodies, the capacity of bodies to

abforb it, and the eledive attradions to which it is fub-

jed, render the exiftence of heat as a diftind body

much more probable than ever. It is thought to be

often a principle in compound bodies, and the light-

en of all the fubftances in nature
;
and this laft pro-

perty is confidered as the reafon why we cannot de-

termine its exiftence by its weight. Heat is diftinguifh-

ed into two kinds, or rather as exifting in two differ-

ent ftates in the one, it is intimately combined with

other principles, and is denominated latent beat
,
or

the caloric principle, becaufe it is not percepti-ble to

the fenfes ;
in the other, it is only diffufed without com-

bination. This laft Ifind of heat may be expelled by
preffure : thus, when a bar of iron is ftruck, the ftroke

compreffes its particles and caufes the heat to iffue out,

in the fame manner as water iffues from a wet fponge

when it is preffed together with the hand. Combined
heat cannot be feparated from the bodies of which it

forms a part, but by means of new chemical combina-

tions. All folid bodies that contain any portion of

thefe two kinds of heat, arc capable of receiving more of
both. When you add a quantity of the fecond fpecies

to any body, its firft effett is to enlarge the pores that

feparate its component particles, by which means it fof-

Vol. I. G tens
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tens a folid ;
next, as it gradually accumulates, it pro- .

duces fullon or liquefaction
; and as the quantity of

heat continues to increafe, elaftic fluidity follows : But

we fliall treat of thefe phenomena in the turn fol-

lowing fedtions.

5 III. Of Rarefaction.

J^Arefaction is the moft remarkable of all the ef-

fects which philofophers afcribe to fire, and is con-

ftantly produced by heat. We have already taken no-

tice that the chief effedt of heat is to diminifh the fpe-

cific gravity of bodies, by extending their bulk, with-

out adding any thing to their abfolute weight. This

rarefadtion fiiows, that fome new fubltance is intro-

duced into the cavities of the rarefied body. This fub-

ftance, which is no other than heat, acts in proportion

to the. interlaces which feparate the component par-

ticles of the body. Bodief when rarefied by heat gain

no additional weight, and have their fpecific gravity

diminiflied
;
becaufe rarefadtion confifts Amply in the

feparation of the parts of the warm body, its pores be-

ing enlarged, fo that there is more vacuity and lefs fo-

lid matter than before in a given fpace. That feparation

of parts- is effedted by heat, which is to us, in point of

weight, a mere non-entity.

When we confider, that the particles of bodies rare-

fied by heat, fuller an internal motion, which tends to

divide them from one another-, and that cold, on the

contrary, comp relies and condenfes them; we are led

to confider heat as a force oppofed to the mutual gra-

vitation
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vitation of thofe particles, which weakens their parti-

cular attraction : For it is to be obferved, that there

are three modifications of the Newtonian attraction

which ought to be carefully difiinguiflied from one an-

other. The firft ftate of attraction is that which co-

operates with a primary impulfe to retain the planets

in their orbits, preventing them from approaching the

fun, upon whom they would foon fall were it not for

the centrifugal force which they have received from

primary impulfe ;
this may be called planetary attrac-

tion, to difiinguifh it from the other two. The fecond

ftate or modification of attraction is that which caufes

bodies projected into the atmofphere of our globe to

tend towards the centre : this is terrejlrial gravitation.

The third modification of this general force is that by
which the feveral parts of any body tend to their com-

mon centre
;
fuch as a {tone or any other confiftent

body : this force produces aggregation, and in its va-

rious degrees is the caufe of fpecific gravity : It

is this laft fpecies that heat diminifhes and tends to

annihilate
;
and by aCting in oppofition to this force,

it produces an infinite variety of effeCts in combination,

decompofition, vegetation, animalization, &c.

Boerhaave, who has examined the effeCts of fire

rather as a philofopher than a chemift, has eftablifhed

three general laws concerning rarefaction, which we
fhall examine.

G 2 First
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First Law.

All bodies are dilated by heat.

Though it be a general truth, that heat dilates and

rarefies almoft all natural bodies, yet we may make a

few remarks on this phsenomenon. Firft, all mineral

fubftances without exception are dilated and rarefied

in the dired proportion of the ftrength of the heat to

which they are expofed. This rarefadion may even

be carried fo far as to deftroy the aggregation of many

among them
j
but vegetable and animal iubilances af-

ford fome exceptions to this law. A gentle heat in-

deed dilates their fibres, divides them, and thus dimi-

nilhes their confifiency
j but a fudden ftrong heat cau-

fes parchment, membranes, and tendons, to Ihvink and

contrad their bulk, which feems to be occafioned by

the irritability, or more properly the contradive force,

of animal fibres, on which heat appears to ad as a Iti-

mulus, till their organization be defiroyed.

Second Law.

All the dimenfions of bodies rarefied by heat, are di-

lated.

A bar of iron ignited becomes both longer and
thicker. Fhilofopliers have contrived feveral inftru-

ments for eftimating, and even for mealuring precifely

this effed of rarefadion. The pyrometer invented by
Mufchenbroek, ftiows, by the dilatation of ignited bars

of
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| of metal, fo accurately as to diftinguifh the 1080th

f part of an inch. The communication of the expanfive

>li motion through various levers, whofe arms are of une-

|
qual lengths, occalions this nice fenfibility. The laft

1 of thefe moves through fo large a fpace, that it eafily

I indicates, by means of a hand t©r index carried round

l by a wheel, the extremity of which points to a feries

I of numbers arranged round a circular plate of metal,

j

the fmalleft degrees of dilatation that the bar fuffers.

ij As the pyrometer measures only the lengthening of bars

of metal, philofophers have made an experiment with

j
a cylinder, which paifes through a ring when both are

cold
;
but when the cylinder i-s heated the ring cannot

contain it
;
and it thence appears, that the diameter of

q bodies is dilated as well as their length.

On account of this fadt, which is well known to che-

[

mills, it becomes neceffary to leave room in the grates

that are placed in furnaces, and not to crowd veffels ex-

I pofed to heat too clofely together j otherwife you are

•in danger of having them ‘broken, and differing various

.other inconveniences in your proceffes.

Third Law.

The dilatation of bodies is in the direct ratio of their ra-

rity, or the inverfe ratio of their denjity.

Boerhaave laid down this law after comparing the

effects of heat on no more but three folid bodies very

different from one another, wood, itones, and metals.

He had obferved; that in proportion to their denfities

wood was the molt dilated by the fame degree of heat.

Hones next, and after that metals. From this he ven-

- G 3 tured
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tured to conclude, that the more rare the confiftency of

any body, the more eafily is it dilated
; and that the

greater the denfity of a body, the lefs is it liable to ra-

refaction. But by examining the rarefaction produced

by heat on a great number of bodies, M. Buffon has

found that the dilatation of folid bodies by heat is in

diredt proportion, to their alterability by fire; (tones are

dilated in proportion as they are fufceptible of calcina-

tion, and metals in the ratio of their fufibility. Boer-

haave had likewife extended this law to fluids, with-

out examining the dilatation of any fluid bodies but

air, fpirit of wine, and water. Had he compared the

rarefaction of mercury with that of thefe bodies, he

would fcarce have ventured to lay down this general

law. For mercury, though its denfity be greatly fu-

perior to that of water or fpirit of wine, admits of

much eafier dilatation than either of them. And from

this faCt it appears that the quicknefs or flownefs of the

rarefaClion of fluids by heat depends on neither their

inflammability nor fufibility. Meflrs Lavoifier and

Bucquet, who have made a long train of experiments

on the dilatation and rarefaCiion of bodies by heat,

have found themfelves unable to determine the caufe of

that amazing diveriity which appears among thofe phe-

nomena, and have contented themfelves with defcribing

their experiments, without prefuming to deduce any

induction from them.

Befides thefe laws of the rarefaction produced by

heat, which are (till but very imperfectly known, it is

of importance to know, i. That bodies always produce

cold when they pafs from a folid to a fluid ftate; as for

inftance, falts when diffolved in w’ater evaporating

father, &tc. 2. That fluids capable of afiuming a con-

crete form, generate heat as they become folid : thus

water,



Phlogiflon. J°3

water, which freezes when put into a freezing mix-

ture, never affords fo high a degree of cold as fpirit of

wine put into the fame mixture. It may be under-

ltood from what has been faid, that when a folid body

becomes liquid, it abforbs an additional quantity of

heat; and when a liquid body becomes folid, part of

the heat which it contained is difengaged.

§ IV. Of the Phlogiflon of Stahl.

gECCHER, flruck with that property of certain bo-

dies which enables them to produce fire, that is

to fay light and heat, in confequence of continued

motion, or by coming into contact with other bodies

in a flate of ignition, imagined it to depend on a di-

flindl principle, to which he gave the name of inflam-

mable earth. Stahl, whofe attention was flrongly en-

gaged by this doctrine, underftood this principle to be

pure fire, or the matter of fire, fixed in combuftible

bodies. To this element, exifting in fuch a flate of

combination, he gave the name of phlogiflon
,

or the

inflammable principle, to diflinguifh. it from fire in a

free or adtive ftate. Its properties, when combined,

are totally different from thofe which it difplays when
at liberty : it then gives neither heat nor light, tho’, in

the latter flate, thefe are its conftant attendants : But,

when freed from confinement, it inflantly regains its

characleriflic properties, and its prefence is indicated

by both heat and light. Such was the fublime and
Ample idea of Stahl concerning the nature of combu-
flible bodies. It is indeed natural to think, that thofe

fubflances which, when flrongly heated or forcibly

G 4 flruck,
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{truck, become inflamed, and continue to bum till

they be confumed, owe this property to their latent

fire ;
and that the combuftion of fuch bodies is nothing

but the difengagement of the fire, and its palling to a

ftate of liberty. According to Stahl, therefore, all

combuftible bodies contained fire in a fixed or com-

bined ftate, on which principle their inflammability

depended. He alfo confidered this principle as be-

ing perfectly the fame in all the fubftances into which

it entered, whatever their nature, or however different

they might be from one another. The combuflibility

©f any body appeared to him a fufficient proof that it

contained a ^quantity of phlogifton. Thus, in his opi-

nion, fulphur, charcoal, metals, oils, and phofphorus,

owed all their properties to phlogifton; and their dif-

ferences in point of form, colour, confiftencv, gravity,

&c. might depend, he thought, on the variety of the

principles to which the phlogifton was united
;
for the

phlogifton itfelf was always the fame, and could fuf-

fer no variation but by being difmiffed from a com-

bined into a free ftate.

In order to diftinguifh the properties of phlogifton

or fixed fire, Stahl inftituted a comparifon between

bodies into the cotnpofition of vyhich it enters, and o-

thers that feem deftitute of it. He obferved the for-

mer to poffefs in general, colour, fmell, fufibility, vola-

tility, and combuftibility ;
while he found the latter

to be commonly deftitute of colour and fmell, fixed in

a greater or left degree, incapable of fufion, and ftill

more incapable of combuftiQn. He likewife obferved,

that fuch bodies as evidently appeared to be phlogifti-

cated, loft molt of their properties when deprived of

their phlogifton, but regained them when it wjas re-
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He applied his doctrine chiefly to fulphur and me-

tallic fubftances : the phenomena which thefe afforded

were the leading fads on which it was eftablifhed.

Metals he confidered as compounds of certain earths

with phlogifton. When calcined, their phlogifton is

diicngaged, and efcapes into a date of freedom
; and

they lol'e, of confequence, their fufibility, dudtility,

and inflammability. You may caufe them to recover

thefe properties by heating them with oils, charcoal,

or any other phlogifticated fubftance, fo as to reftore

to them what they before poffeffed of that principle.

Sulphur is a combination of the fulphuric acid and

phlogifton : its combuftion confifts in the . difengage-

ment of the latter principle
;
and when this is entirely

dilengaged, nothing but the acid remains. By apply-

ing charcoal, oils, or metals to this acid, we can de-
'

prive them of a part of their phlogifton
; which being

communicated to it, forms a new quantity of fulphur,

or a coloured, odorous, fufible, volatile, and inflam-

mable body.

However plaufible this theory may be efteemed,

yet, in confidering it, one important difficulty occurs

:

Stahl and his followers have never told us precifely

what phlogifton is, but have always expreffed them-

felves on that head in obfcureand indeterminate terms.

Macquer, who was fenfible of this difficulty, after ha-

ving long confidered the nature of fire and phlogifton,

concluded that light poffeffed all the properties afcri-

bed to it, either when in a ftate of freedom and acti-

vity, or when united with other principles in com-

pound bodies, and labouring to difengage itfelf. When
we exhibit a view of a. theory that has obtained a

place in fcience, it is but fair to point out what diffi-

culties attend it, and to examine whether it be foun-

ded
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ded in error, or on the folid balls of truth. We lhall,

therefore, mention the objections that are now made

to the doftrine of that great chemilt
;
a doftrine which

has now loll its lultre, after having long made an il-

luftrious figure in the fcience.

The leading difficulties which occur in confidering

the theory of phlogifton may be reduced to three

heads: i. The properties which Stahl attributes to

that principle do not always appear in the bodies in

•which he fuppofes it to exift. Charcoal, and particu-

larly that of refinous bodies, which he confiders as

pure phlogifton, is neither
,
odorous, volatile, nor fufi-

ble : there are even fome fpecies of charcoal which

are fcarce combuftible. Diamond, an extremely fixed,

tranfparent, inodorous, and infufible fubftance, is per-

haps the moll combuftible body known, as it burns en-

tirely, without leaving any refidue. Spirit of wine,

aether, and feveral of the efiential oils, are without co-

lour.

2. Many bodies, upon lofing their phlogifton, ac-

quire new properties, which Stahl confidered as de-

pending upon that principle. Moft metals, when cal-

cined, afiume a deeper colour ; cobalt, mercury, lead,

iron, copper, &c.

3. Stahl paid fo much attention to combuftible bo-

dies, as he hoped, from the examination of their na-

ture, to determine the character of phlogifton, that he

feems to have forgot that air is eflentially necefiary to

combuftion. In confequence of this, he has overlook-

ed this objeftion againft his theory, which w'as not in-

deed urged againft him by any cotemporary chemift.

If combuftion be nothing but the difengagement of
phlogifton, it is plainly an aft of decompofition, in

which the combuftible body lofes one of its principles

:

But
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But how is it portable for a body, after having loft one

of its component principles, to polfefs confiderably

; more abiolute weight than before ? An hundred lib.

. weight of lead affords an hundred and ten of minium;
the weight of the fulphuric acid obtained by the com-

bullion of fulphur, is greater than that of the fulphur

!

front which it was obtained : and, in the fame manner,

wj we learn from the fine difeovery of M. Lavoiiier, that

eighteen ounces of pure water are obtained by burn-

ing fixteen ounces, of fpirit of wine *.

The ftrength of this objection, together with the

difficulty that is found in every attempt to demonftrate

the exiftence of phlogifton, have induced forne mo-
dern chemifts to deny that there is fucli a fubftance in

nature. But they mull: not be implicitly liftened to ;

even that numerous train of experiments which have

been of late made on combuflible bodies and combu-

ftion, have not fully demonftrated that there is no fucli

principle as fixed fire in material bodies : its exiftence

feems to be allowed, while its name is changed
; and

inftead of the phlogiftic, it is called the calonic, prin-

ciple. It is diverted, however, of the property of pro-

ducing combuftion
;
and though it be allowed to exift

in inflammable bodies, it is not confidered as the caufe

of their inflammability.

Since chemifts began to enquire how far the pre-

fence of air is necefiary to combuftion, they have made

feveral important difeoveries
;
the chief of w hich is,

that a certain quantity of atmofpheric air is always ab-

forbed by burning bodies, and that it is the acquilition

of this air, which becomes fixed or combined, that

augments the abfolute gravity of metals, fulphur, phof-

phorus,

* Meeting of the Royal Academy of Sciences on the 4U1 of Sep-

tember 1784. A.
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phorus, inflammable gas, and fpirit of wine, when
expofed to combuftion. As this increafe of gravity

has been likewife found to correfpond preeifely with

the weight of the air abforbed, feveral chemifts, at the

head of whom may be reckoned Meflrs Lavoifier and

Bucquet, were led to adopt a new theory, founded

folely on this abforption of air, in which they entirely

rejected phlogifton. This theory was dire&ly oppofite

to Stahl’s, and confifted of the four following princi-

ples :

1. Stahl’s phlogifticated bodies are, according to this

doctrine, fubflances which have a ftrong tendency to

combine with air ; for on this tendency the combufti-

bility of bodies entirely depends.

2. All the phaenomena which Stahl aferibed to the

difengagement of phlogifton are produced by combi-

nations with pure air : fuch are combuftion, calcina-

tion, refpiration, and the formation of the fulphurio

and phofphoric acids, by the combuftion of fulphur

and phofphorus.

3. On the other hand, according to the pneumatic

theory, all thofe phenomena in which the doftrine of

Stahl represents the phlogiftic principle as entering in-

to new combinations, are produced by the difengage-

ment of air. Such are the reduction of metals, effected

by the mutual action of metallic calces and charcoal,

the decompofition of acids by combuftible bodies, and

particularly the decompofition of the fulphuric and

the nitrous acids by iron, charcoal, &c.

4. This theory views all thofe bodies which Stahl

thought to be compounds, with phlogifton for one of

their principles, as Ample fubftances, having fo ftrong

frn affinity with pure air, that they attempt to enter in-

to combination with it whenever they are expofed to

4 its
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its contact. Combuftion is, therefore, nothing but

the combination of air with the combuftible body

;

:
and all operations in which bodies are thought to re-

gain their phlogifton, are merely the difengagement of

pure air, or its palling out of one body into another.

This opinion, which was adopted by M. Bucquet

in his latter courfes of le&ures, explains indeed moft

of the phenomena of combuftion, calcination, and the

reduction of metallic calces; but it gives no fatis-

fa&ory reafon why flame is feen to proceed from com-

bultible bodies in a flate of ignition ; nor does it ac-

count for the rapid motion produced in inflammation,

and the other changes which attend that phenomenon.

Macquer, after carefully examining how far the mo-
dern difcoveries could aifeft the received theories, was

of opinion that they were infufficient to explode the

theory of Stahl, and has therefore combined the pneu-

matic with the phlogiflic dodrine, by reprefenting

phlogifton as light in a ftate of fixation. After Blow-

ing that pure light, fuch as that which the fun diffufes

over our globe, may be confidered as the genuine fub-

ftance of fire, and, by being fixed in bodies, may ac-

tually conftitute the phlogifton of Stahl
;
he next gives it

as his opinion, that in every acft of combuftion, pure air

difengages the light or phlogifton of combuftible bo-

dies, and pofTefTes itfelf of its place
; and that the cal-

cination of metals may therefore be regarded as the

precipitation of air, and the difengagement of light.

Again, when phlogifton is reftored to the calces of

metals by redu&ion, light, in its turn, difengages or

feparates the air which was fixed in thofe fubftances,

and by that means caufes them to refume the character

of metals. Macquer alfo thought, and it was necefiary

to
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to this theory, formed with a view to reconcile Stahl’s

with the modern doctrine, that phlogifton may com-

bine with bodies even in clofe veffels, fince light is

well known to penetrate through glafs, and even

through metal and earthen velfels, when thefe are

made red-hot. Scheele has propofed a different the-

ory, which has alfo been adopted by fome northern

chemifts. He confidered fire, heat, and light, as com-

pounds of vital air with phlogifton
;
and thought that

light, in pafting through veffels, fuffered decompofi-

tion, the phlogifton in the redu&ion of metallic calces

or oxides being communicated to the' calx, while the

vital air was difengaged. But that ingenious theory,

by which Scheele accounted for the effects of folar

light, and of the various modifications of heat on a

great many chemical phenomena, affords no explana-

tion of the increafe of the weight of metals, fulphur,

and phofphorus, &c. after combuftion.

M. Lavoifier, whofe experiments have contributed

fo highly to the advancement of chemiftry, and whofe

opinion muff therefore have confiderable weight, has

propofed a new theory that has been adopted by mod
French chemifts, and appears to me to afford an hap-

pier explanation of the phenomena of Nature than any

other. He thinks that light, heat, and all the other

remarkable phenomena of combuftion, depend rather

on a certain atftion of the air than on the peculiar na-

ture of combuftible bodies ; that the flame which then

arifes is occalioned by the difengagement of the light

which was combined with the pure air, not of that

which exifted in the combuftible body. He aferibesto

pure air that decompofition which, according to Stahl

and Macquer, takes place on the inflammable fubftance.

Pure air he confiders as a compound of the fubftance

of
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j of fire and another principle which fhall be afterwards

defcribed ;
and, fixed fire, the difengagement of which

;
is the principal ad on fuch occafions, is, in his opi-

i nion, feparated from the pure air, not from the com-

I
buftible body. We cannot enter more particularly in-

to this ingenious fyftem in this place. In the hiftory

of air, in the following chapter, it will come more pro-

perly under our examination. At prefent, we will

content ourfelves with obferving, that fire or heat,

i which M. Lavoifier allows as a principle of pure air,

and the difengagement of which he takes to be the

caufe of the fparkling flame and vivid heat which ac-

: company the rapid combuftion produced by that air,

ad nearly the fame part with Stahl’s phlogifton, or

Macquer’s fixed light
;
and that chemifts feem to be

univerfally agreed concerning the exiftence of this

principle, the only difference among them being, that

one party believe it to exifi: in combuftible bodies, and

to be the caufe of inflammability; while another confi-

der it as a principle of air, and afcribe inflammation

to a different caufe. In the following chapters, we
fhall explain the reafons which induce us to prefer the

latter of thefe opinions.

5 V. The Effects of Heat on Bodies conjidered Chemically .

I
N

.

the third fubdivifion of this chapter, it was fhown
that one of the chief effeds of heat is to rarefy bo-

dies, to increafe their bulk, and diminifh their fpecific

gravity, by feparating their particles, and enlarging

their pores. Such was the Ample phyfical or mechani-
cal idea which we gave when fpeaking of rarefadion

6 m
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in general ;
but when we attend more carefully to this I

primary adt of heat, we {hall find that it produces fe- 1

veral other important effedts.

The firft and molt ftriking effedl of heat,- is its di- I

minifiling the aggregation of bodies, by feparating their I

particles. As the force of aggregation, and that of the

attradlion of compofition, are always in the inverfe ra- I

tio of one another, as has been fliown in the third

chapter* it will be readily underftood that heat, in de-

Itroying aggregation, muft be Angularly favourable to

combination. This has caufed fire to be confidered as
I

the principal chemical agent, and has even induced

chemifts to afiume the title of philofophers by fire. It

will afterwards appear, however, that they make much
lefs ufe of it at prefent than they formerly did.

The adtion of heat, when confidered in this point of

view, as tending to deftroy aggregation, and favour-

ing combination, appears liable to four different modi-

fications, according to the nature of the bodies on

which it exerts its energy.

i. There are fome bodies on which it produces n<3

alteration, nor any effedt but dilatation. Subfiances of

this nature are unalterable and apyrous . Thus rock-

cryftal, however long expofed to the utmoft violence

of fire, fuffers no alteration : it lofes neither its hard-

nefs nor tranfparency, and appears, after this afiay,

with all its former denfity and beauty. But there are

very few fubftances fo little alterable as rock- cryftal.

2 dly, Heat entirely deftroys the aggregation of moft

bodies, caufing them to pafs from a folid to a fluid ftate.

This phaenomenon is namedfufion ; the bodies on -which

it is produced are called fufible. There are various

degrees of fufibility, from that of platina, which is ex-

tremely difficult to melt, to that of mercury which re-

mains
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mains always in a fluid date. When this fufibility is

carried to an exceflive degree, it becomes volatilization.

A body becomes volatile, or difFufes itfelf through the

atmofphere, when it is caufed to pafs, by a flrong rare-

faction, from the liquid ftate to that of an elaftic fluid.

It is then diffipated by heat, and elevated in the at-

mofphere, where it remains lufpended till cold reilore

to it part of its denfity and'fpecific gravity. Bodies

which may be reduced to this ftate are named volatile

;

thofe incapable of it are, by way of oppofition, called

fixed. There are many degrees between fixity and

volatility. It even feems impoflible to fuppofe any

body abfolutely fixed. Perhaps the only reafon why
any appear fo, is, becaufe we cannot apply to them a

degree of heat fufflciently intenfe. We may make the

fame remark on infufibility
;

it is never abfolute. The
reafon why rock cryltal appears infulible, is, becaufe

we cannot apply to it the proper degree of heat. When
we fpeak, therefore, of the infufibility or the fixity of

certain fubftances, we are to be underftood as fpeaking

only in reference to the heat to which it is in our power

to fubject them.

This effential volatility is to be carefully diftinguifh-

cd from that which is merely apparent, and takes place

only in confequence of the communication of motion

by a current of flame or vapours : Thus, for inftance,

zink, in a ftate of calcination, is carried up by the

flame that is raifed during its combuftion.

3 dly. When heat adts on bodies confifting of two -

principles, one volatile, the other fixed, it generally

feparates them by volatilizing the former. Such bo-

dies are thus decompofed, but without fuffering any al-

teration
;

for by reuniting their principles, we can re-

produce them with all their original properties. This
Vol. I.

;
H fepa-
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reparation of principles is a true or fimple analyfis.

Fire, applied to bodies confifting of two fubftances, be-

tween which there is a wide difference in refpebt of

volatility, reduces the volatile principle to vapours, but

leaves the fixed uninjured. But in order that this true

analyfis may take place, it is requifite that both the

volatile and the fixed principle of the compound be

unalterable by the degree of heat applied to them *, or

that they be expofed only to fuch a degree of heat as

they can bear without loling any of their properties.

The volatilized fubftance having then undergone no

greater alteration than the fixed, they may be reunited

lb as to form the fame compound w^hich they conftitu-

ted before their reparation. When this may be effec-

ted, the analyfis is true or fimple. As bodies do not

generally confift of two principles, one of which is vo-

latile the other fixed, and as it is often extremely diffi-

cult, and fometimes even impoflible, to apply to com-

pounds of this kind precifely that degree of heat which

will volatilize the one without alteration, and leave the

other uninjured ;
it may be naturally inferred, that

the number of the bodies on which heat acis in this

manner mull be very inconfiderable. For this reafon,

chemifts have now much lefs frequently recourfe to

the operation of fire than formerly. The fubftances

on which heat produces this effeift are decompofable

without alteration. Some mineral fubftances, fuch as

cryftallized falts and folutions of neutral falts, come

under this clafs.

qthly. When the body expofed to the a&ion of fire

conftfts of feveral volatile and feveral fixed principles,

the volatilized principles enter into mutual union
;
the

fixed are alfo combined with one another : and fuch is

the refult of this decompolition, that though the pro-

ducts
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dudts be reunited with the refidues, the original com-

pound will not be produced. This is therefore a falle

or complicated analyfis. The bodies on which heat,

ads in this manner are decompofable with alteration.

Moft natural fubftances belong to this clafs. They
are too complex in their compofition, and confift of

too many principles, to be decompofed without fuffer-

ing alteration. As the force of the affinity of compo-

lition acts upon all bodies, and is even promoted by
heat, when any of the principles of a compound are

volatilized by the adion of fire, they read upon one

another, unite, and form a new order of combination

different from that in which they before fubfifted

:

the fame thing takes place on the fixed principles of the

body. Thus, when a piece of wood, bark, or any other

vegetable fubftance, is expofed to the adiori of fire,

the water, the falts, and the oil, unite together, and

conftitute an acid* elaftic fluids, and a brown oil, &c.

which did not exift in the wood in that form. The
adion of heat, therefore, produces a total alteration on

fuch fubftances : the phaenomena which attend it indi-

cate a falfe or complicated analyfis, the refults of which

might lead chemifts into miftakes were they not aware

of the uncertainty with which it is attended. It is

certain that art can never reproduce wood or bark, by
mixing together the phlegm, oil, acid, and charcoal

obtained in this analyfis, and that the principles which

it affords have differed great alterations. Unluckily

the bodies fufceptible of thefe alterations are the more
numerous clafs. Under it all animal and vegetable,

and moft mineral, fubftances are to be ranked. But

the modern difeoveries will enable us to determine the

true nature of the principles of fuch fubftances, by exa-

mining fuch of them as are difengaged.

Hitherto we have fpoken only of the effects of fuch

Hi a
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a flrong heat as is ufually employed in the operations

of art : But a gentle and continued heat, fuch as that

which is exerted in the operations of nature, gives rife

to a number of important phenomena, which are high-

ly worthy of the chemift’s attention. The vibration

and ofcillation of the particles of folid bodies which its

impu'lfe occalions, and the agitation and rarefaction of

fluids arifing from the fame caufe, produce a continued

internal motion which graddally changes the form, the

dimenfions, and the contexture, of the former
;
and

produces a fenfible alteration on the confiftency, the

colour, the tafte, ^nd, in a word, on the intimate na-

ture, of the latter. Such is the general idea which

we have reafon to form concerning the exiftence and

power of all the chemical phaenomena of natural bodies;

concerning the fpontaneous decompofition and recom-

pofition of minerals
;

concerning the cryftallization,

the folution, the formation of falts, the vitrification,

the metallization, the vitriolization, and the minerali-

zation, which are carried on in the bowels of the earth.

To this powerful agent we muft likewife have recourfe,

when we attempt to form an idea of the alterations to

which animal and vegetable fubftances are liable
;
of the

motion of the fap in plants, and the mild fermentation

which conducts them to maturity
;
of the formation

of oils, tlie fpiritus rector, mucilages, and the colour-

ing principle
;
or of the compoiition, the decompofi-

tion, the reciprocal changes, and the putrefaction of

animal humours. All thefe important phaenomena de-

pend, more or lefs, on chemical operations
;
and that

heat which is diffufed over the globe is the great prin-

ciple by which they are produced. It is at p relent

enough for us to have taken a general view of this

great
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great caufe of motion, life, and death. We have here

fketched the outlines of the picture
;

in what follows

we fliall endeavour to iill them up with a nice and

faithful hand.

As the various effects of heat depend all on its power

of feparating the particles of bodies, let us farther

confider this firth effect, and attempt to eftimate its in-

fluence.

Water in the date of ice is foftened by a certain de-

gree of heat, melted, and reduced to fluidity by a great-

er, and by a dill greater degree reduced to vapour, or

an eladic fluid : fo that water in a date of vapour may
be faid to contain three fums of heat;—that which con-

ditutes ice of a certain denfity
;

that which reduces

ice to the date of a liquid, rarefied to a certain de-

gree
;

and, ladly, that which rarefies the liquid to an

eladic fluid.

When we attempt to apply this theory to all natu-

ral bodies, they appear to be all capable of palling

through thefe feveral dates if expofed to a fufficient

heat. The only difference among them, in point of

this property, is, that fome may be reduced by a lefs

degree of heat while others require a greater. It is on-

ly for want of a fufficient heat that we cannot reduce

rock-crydal to a liquid or a vaporous date : nor is it

more difficult to conceive the poflibility of this event,

than to conceive an habitually eladic fluid, fuch as air,

acquiring an extreme folidity, as happens to this very

fubdance in various combinations.

From thefe principles, it is eafy to explain the for-

mation of the eladic fluids which are difengaged in

many of the operations of nature and art. It uniform-

ly happens, whenever a body receives and abforbs a

fufficient quantity of heat to caufe it to pafs into that

FI 3 flute
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ftate of fluidity which conftitutes an aeriform fluid;

and therefore all fluids that poffefs this property owe

it to heat. But it is alfo requifite, that the preffure of

furrounding bodies, efpecially the preffure of air, dq

not oppofe this extreme dilatation
;

or that the dilata-

tion be fo great as to overcome the refiftance which it

meets with in the gravity of the air. Hence a body,

whether nearer to or more diftant from the ftate of

elaftic fluidity, may be ealily reduced to that ftate by

relieving it of the preffure of the atmofphere, as elaftic

fluidity always takes place in vacuo. Hence evapora-

tion is moft quick and copious on the tops of lofty

mountains. And hence too it becomes neceffary to

mention precifely, in a detail of experiments, witfy

what degree of preffure any body was reduced to an

elaftic fluid, or at leaft what preffure it can bear in that

ftate : for it is alfo to be obferved, that all the bodies

which can, with more or lefs eafe, be reduced to the

ftate of vaporous or elaftic fluidity, do not maintain

themfelves in that ftate with equal conftancy
; nay,

fuch are the differences among them in this refpeeft,

that they have been divided into permanent and non-

permanent. The .former remain long in the ftate of

elaftic fluidity ; nor do they pafs from it, till by fome

new combination they are deprived of the fubftantia}

heat by which they were maintained in that ftate. The
latter, which may be denominated vapours, lofe their

elaftic fluidity by degrees of preffure or cold which

may be ealily eftimated, and readily communicate to

furrounding bodies that portion of heat which confli-

tutes them aeriform fluids. Of this kind are water,

alcohol or fpirit of wine, and aether ;
thefe three fluids

are reduced into vapours, and remain in that ftate when
the barometer Hands at 28 inches,—water at 185° Fah-

3 renheitj
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o renheit, fpirit of wine at 167°, and sether at 92
0

, &c.

8

It appears then, ljl. That the date of elaftic fluidity

is a mode of the exiftence of bodies occafioned by the

combination of heat with their other principles : idly.

That every elaftic fluid is a compound, coniifling of a

bale ofmore or lefs folidity and the matter of heat: 3 dly.

That the bafe of every elaftic fluid requires a certain

degree of heat to reduce it to vapour or elaftic fluidity
;

and that it is doubtlefs in confequence of their poflef-

ftng thefe properties, that elaftic fluids differ in gravity,

elafticity, &-c.

M. Lavoilier has explained this theory with great

perfpicuity, in a memoir printed among the Memoirs
of the Academy of Sciences for 1777.

Although we have diftinguilhed elaftic fluids into

permanent and non-permanent, yet it is to be obferved,

that this diftindtion exifts not in nature. It is relative

to the moderate heat and preflure of the atmofphere

to which we are expofed in the climates in which we
live, and over many parts of the globe

;
and if the cold

and preflure were more confiderable, even the fluids

which we at prefent confider as the moft permanent,

would foon ceafe to be fo; and, on the contrary, aether

and fpirit of wine would become permanent elaftic

fluids at a certain height in the atmofphere, or in the

warm temperature of the equatorial climates.

As the fubftance of heat, which contributes to the

formation of elaftic fluids, exifts in them in a com-

bined or latent ftate, and becomes not perceptible to our

fenfes till thofe bodies lofe their fluidity by entering

into combination w’ith other fubftances
;

we have

therefore fought for an expreflion proper to denote heal;

in this ftate, and have adopted the word caloric for

that purpofe
;
becaufe in this ftate heat may be actually

H 4 confidered
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confidered as having loft its original character, which

it recovers not till it be reftored to a ftate of liberty.

Betides, bv affixing to it this denomination, we avoid

the circumlocutions of the fubftance or matter of heat,

or latent heat, which have been hitherto applied to it.

Cooling, or the palling of heat into the ftate of caloric,

and ignition, or thepaffingof caloric into the ftateof heat,

depend both on the general law above laid down, that

when bodies become more denfe, part of their heat

is exhaled. Thus, whenever a gas or aeriform fluid is

combined fo as to become a liquid or a folid, it lofes a

great part of its fubftantial heat
;
and to make it pafs

into that ftate of denlity, it mull be expofed to the ac-

tion of fome body, with which itsbafe has a greater ai-

linity than with heat. This is the general caufe of the

fixation of elaftic fluids
;
and in this manner do they

lofe that form by becoming fixed in liquid or folid bo-

dies. We may»likewife obferve that each of thefe

fluids lofes more orlefs heat in proportion as it becomes

more or lefs folid in the new combination, or in pro-

portion as that compound body is capable of containing

lefs or more fpecific heat. This obfervation explains

why bodies burn with different degrees ol rapidity

;

why they give during combuftion more or lefs flame or

heat
;
and why the refidues which they leave are more

or lefs folid, &c.

;

which phaenomena fhall be more par-

ticularly mentioned in the following chapter.

Laftly, Since cold and preflnre are the two means by

which elaftic fluids are condenfed, we may perhaps be

at length able, by employing iqtenfe degrees ofboth, to

reduce all thefe from their gafeous ftate, and to obtain

their bafes pure and feparate, by expelling the fub-

ftantial heat which maintains them in fluidity. Ihus

we may come to know the bafes of vital air, azotic or

me-
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mephitic gas, hydrogenous gas, &-c. T his has been al-

ready performed on the fulphureous acid gas, which

M. Monge has reduced to a liquid by means ot an in-

tenfe cold.

§ VI. Of Heat as a Chemical Agent, and the feveral

Ways in which it may he applied to Bodies.

Chemists employ heat, on account of the changes

which it produces on bodies, both for decompolition and

combination. Their firft object Ihould be to meafure

exactly the degrees of heat neceflary to produce all

poffible alterations oil any body expofed to it. Thefe

degrees of heat are generally ranked under two clafles;

the firft comprehending all degrees of heat below that

of boiling water
;
the fecond, all above that tempera-

ture. The fcale of the thermometer marks out the for-

mer
;
our only means of determining the latter is the

known fufibility of bodies.

Degrees of Heat below the point of boiling Water.

The firft degree extends from 44
0
to 53

0 Fahren-

heit’s fcale *. This temperature promotes putrefac-

tion, vegetation, and gentle evaporation, &c. It is but

feldorn employed in chemical operations, as being too

inconfiderable
; in fome macerations made during win-

ter, however, it is neceflary. It is likewife ufeful for

the cryftallization of falinc folutions, which after a pro-

per evaporation are put into caves, or other places of

this temperature.

w .

* Reaumur’s fcale is ufed in the original.

The
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The fecond of thefe degrees, extending from about

6i° to 70°, continues to promote putrefaction, excites

a fpirituous fermentation in faccharine liquors, and is fa-

vourable to evaporation and flow cryftallization. This

is the ufual temperature of mild climates. It is em-
ployed for maceration, the folution of faline fubftances,

and fermentation, &-c.

The third divilion or degree extends from about 79
0
to

88°. It excites the acid or acetous fermentation in

\Tegetables
;
and is fufficient for the exficcation of

plants. It is ufed to effect fome folutions of falts, and

to produce fermentation.

The fourth degree, which rifes to 114 0
,

is called

the mean degree of hot water : this is the heat ufed in

the veffels called balnea marice. It deftroys the orga-

nization of animal fubftances, and volatilizes the fub-

tler part of animal oils, more efpecially of the fpiritus

reCtor. It is employed in the diftillation of thofe vege-

table and animal fubllances, of which we with to ob-

tain the phlegm and the odoriferous part.

The temperature of boiling water 185°, is ufed in de-

coctions, and the extraction of eflential oils.

Degrees of heat above the boiling point.

The firft degree or divilion makes glafs red, burns

organized fubftances, and melts fulphur.

The fecond melts the fofter metals, tin, lead, bif-

muth, and fuch glafies as are moft eaflly reduced to a

ftate of fufion.

The third effedts the fufion of moderately hard '

metals, fuch as zink, regulus of antimony, filver, and

gold.

The fourtl^burns porcelain, and melts the more re-

fractory metals, cobalt, iron, and copper, &c.

The
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The laft and molt intenfe degree exifts in the focus

of a burning-glafs. This temperature calcines, burns,

and vitrifies in an inftant, all bodies fufceptible of corn-

bullion, calcination, or vitrification. A fimilar heat

may be excited by pouring from a blow-pipe a ftream

ef vital air or oxigenous gas upon a piece of coal. M.
Monge is of opinion, that by prcfenting to combullible

bodies, when in a ftate of inflammation in a furnace, a

quantity of compreffed atmofpheric air, the fame effect;

might be accompliihed which is produced by vital air.

This procefs may be one day or other applied to very

important purpofes.

Though thefe degrees above the heat of boiling wa-

ter be determined by phenomena which are well

known to chemills, yet they have not hitherto been

meafured with all the precifion that could be wifhed.

It is therefore an object of the utmoft importance to

obtain an inftrument capable of pointing out the exaft

degrees of heat employed in thefe operations. Mr
Wedgewood in England has conftrudted a thermometer

for this purpofe ; it confifls of fmall pieces of clay half

an inch in diameter. Thefe pieces, when contracted

by the heat, fall between two graduated rulers of cop-

per inclining towards each other upon a plate of the

fame metal
;
and thus fliow what contraction they have

fuffered, and of confequence to what degrees of heat

they have been expofed (Jour . de Phyf. Ann. 1787. *)
The heat neceffary in chemical operations is produ-

ced by burning charcoal, or common mineral coal. We
ule on thofe occafions furnaces of different forms and
names, according to the different purpofes for which
they are intended

;
fuch are the furnaces for digeftion

and
* There is an accurate defcription of this ingenious contrivance, by

the inventor himfelf, in theEnglifh Philofophical Tranfa ftions for 1782.
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and fulion, the reverberating furnace, the wind fur-

nace, and the cupelling furnace. AAngle furnace, pro-

perly made, is often fufficient for the purpofes of all

all theie ;
and it is then called a Eolychrejl furnace. 1 he

reader may confult on this head the Chemical Dic-

tionary of Macquer, who has contrived a mod excel-

lent and ufeful furnace; Baume’s Chemillry, Pott’s Li-

thogeognofia, and Abbe Rozier’s Journal de Ehyfique ,

in which there are defcriptions of various furnaces con-

ftruded by different chemifts. The flame of oil, or

fpirit of wine, is alio employed fometimes in lamp-fur-

naces adapted to the purpofe.

The manner in which fire is applied to bodies in

chemical proceffes, likewife deferves fome explanation.

If the combuftible body be applied immediately to the

fubftance on which you wifh the fire to ad, the operation

is then faid to be managed with nakedfire. But fome

intermediate body is often put between the fire and the

fubftance expofed to its adion ; hence the names bal-

neum maria, fand-bath,- cinder-bath, dung-bath, &c.

The form of the veftels made ufe of in fubjeding

bodies to the adion of fire, and the various phasnomena

exhibited by bodies under the influence of heat, have

caufed a great variety of operations to be diftinguifhed

by peculiar names. Such are roafting, calcination, fu-

lion, redudion, vitrification, cupellation, cementa-

tion, ftratification, detonation, decrepitation, fulmi-

nation, fublimation, evaporation, diftillation, redifi-

cation, concentration, digeftion, infufion, decodion,

lixiviation. All thefe operations are performed by the

adion of fire, and enter into the pradice of chemillry;

and we fhall therefore give a fliort explanation of each

of them.

Roafting is a preliminary operation, which prepares

mi-
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mineral fubftances for undergoing a feries of fucceed-

ing ones, dividing their conftituent particles, volatili-

zing fome of their principles, and producing a certain

alteration on their nature. Mineral ores are expofed

to this procefs on purpofe to feparate the fulphur and

arfenic which they contain, and to diminifh the cohe-

lion of their particles. Capfules of earth or iron, cru-

cibles, and roafting pots, are the veflels in which it is

ufually performed ;
and it is generally expoled to the

accefs of the external air. Sometimes, however, the o-

peration is performed in clofe veflels ; and two crucibles,

luted mouth to mouth, are commonly employed on fuch

occafions.

Calcination is, as it were, a more advanced llage ofthe

procefs of roafting. By this procefs minerals are depri-

ved of their water and falts; it likewife reduces calca-

reous fubftances to the ftate of quick-lime, and metals

to metallic oxides. The fame veflels are ufed in this

procefs as in the former.

In fufion, a body is caufed to pafs by fire from a fo-

lid to a fluid ftate. The chief fubjects fufceptible
(

of

this operation are falts, fulphur, and metals. Crucibles

of baked clay of various kinds and figures, with metal-

lic cones and ingot moulds, are the inftruments for this

operation. Thefe laft are employed to give the melted

matter a certain form
;
which they mould into bars, in-

gots, or buttons.

In reduction or revivification, the calces of me-

tals are, by means of fire, with charcoal or oils, re-

ftored to the metallic ftate which they loft by calcina-

tion.

Vitrification is the fufion of fuch fubftances as are

capable of afluming the brightnefs, tranfparency, and

hardnefs of glafs. Vitrifiable earths with alkalis, and

the
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the oxides of metals, are the chief of the fubftances fub-

jeded to it.

Cupellation is the purifying of perfed metals, by the

extradion of fuch imperfed metals as are intermixed

with them. This is performed by the addition of a cer-

tain quantity of lead to the mixture, and the expoling

of it to a due heat
;
which vitrifies the lead, and toge-

ther with it the imperfed metals of the original mix-

ture, leaving the perfed in a pure and feparate Hate.

This operation derives itfmame from the velfels ufed in

it. Thefe are a kind of flat crucibles, pretty like the

fmall cups known under the name of cupels ; and the

fubftance of which they are compofed, being the earth

of bones, is fufficiently porous to abforb and retain the

lead that is fcorified by the heat.

The name of cement is given to powdered fubftances*

with which other fubftances expofed to their adion

are carefully covered over; Thus, iron is covered over

with pov^der of charcoal, that it may be converted into'

fteel
\
and glafs wdth plafter or filex, to change it into

a kind of porcelain. The procefs by which this is ef-

feded is cementation* and requires the adion fome-

times of a very ftrong fire.

Stratification is an operation nearly fimilar to the

preceding. It confifts in arranging feveral folid fub-

ftances, ufually in horizontal layers, and intermixed

with certain pulverized bodies, to alter their nature,

either in a crucible or in fome other fuitable veflel ca-

pable of bearing the adion of fire. This has received

the name ofJlratification ,
becaufe the fubftances are dif-

pofed in ftrata or layers, one rifing above another.

Copper and filver are treated in this manner with ful-

phur, in order to effed their combination. This pecu-

liar arrangement of fubftances named Jlratification ,
is

often
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often employed preparatory to fufion, calcination, vitri-

fication, &c.

Detonation is peculiar to nitre, and the mixtures into

which it enters. It is the explofion of fuch bodies

when heated in open or clofe vefiels. Decrepitation

differs from detonation only as producing a fainter

noife, which is merely a kind of crackling found : it is

peculiar to certain falts
;
which from a ftate of folu-

tion are cryftallized fo rapidly, that the cryflals form-

ed burft into minute pieces. This has been obferved

chiefly of common fait, or muriate of foda. Ful-

mination is a more quick and lively detonation
; fuch

as takes place on fulminating gold, fulminating pow-
der, and in the combuftion of inflammable gas and vi-

tal air, &c.

Sublimation is the volatilizing of dry, folid, and oft-

en cryftallized fubftances by means of fire. The vef-

fels ul'ed in fublimation are glazed earthen pots, earthen

crucibles with glafs heads, and pots of earth or porce-

lain, arranged one above another, and joined by -the

infertion of their necks one into, another, which are

known by the name of aludels
,
&c. Sulphur, ar-

fenic, cinnabar, many mercurial preparations, fome

vegetable fubftances, more efpecially camphire and

flowers of benzoin, are the fubjedts of fublimation.

Evaporation is the action of heat on liquids, to dimi-

nifla their fluidity and quantity, and to obtain the fixed

bodies diiTolved in them in a feparate ftate. Thus, we
evaporate the water of the fea and of fait fprings, in

order to obtain the fait which they contain. This o-

peration is performed in capfules, jars, earthen or glafs

evaporatories, and filver pans, according to the nature

of the liquid to be evaporated. The evaporating fub-

ftance is expofed to the contact of the air, in order that

the
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the water, the body to be carried oft" by volatiliza-

tion, may diffufe itfelf through the atmolphere, and

that the air by its folvent power may promote the eva-

poration.

Diftillation is an operation nearly fimilar, but per-

formed in clofe veftels. It is ufed to feparate volatile

from fixed principles by means of fire. The diftilla-

tory veftels are alembics and retorts. The firft confift

of a lower veftel named a cucurbite
<,
intended to contain

the body to be diftilled, and an upper part or capital

exactly fitted to it
;
the purpofe of which is to receive

the volatilized fubftance, and condenfe it by the cold-

nefs of its temperature (which is maintained by the

contact of the external air, or of water furrounding

it)
;
when water is ufed, the veftel containing it, into

which the upper part of the alembic is immerfed, is

called a cooler
,
or refrigeratory. From the lower part

of the capital there proceeds a kind of beak or fpout,

through which the vapours pals into a pipe, where they

are condenfed into a liquid : from this pipe the liquid

thus obtained is conveyed into other veftels, which are

commonly of a fpheric form, and are named receivers.

Thefe receivers are of various forms and names, ma-

traftes, balloons, &c. A retort is a kind of glafs, ftone,

or metal bottle, of a conical forjn, with its extremity

bent, fo as to make an acute angle with its body
;
and

on this account has it received the name retort. Diftil-

lation has been rather improperly diftinguilhed into

three kinds, namely, diftillation afeending, per afeen-

furn ; diftillation defeending, per defeenfum ; and late-

ral diftillation, per latus. This diftillation is warrant-

ed only by the exterior form of the veftels made life of.

The volatilized matter has always a tendency to aicen-

fion: But diftillation performed in glafs or metal alem-

rv bics
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bics has received the peculiar denomination of afcend-

| ing, becaufe the capital is placed over the cucurbite,

and the vapours are feen to afcend. The diftillation

: I performed in retorts is called lateral, becaufe the beak

or neck of that veflel comes out at the lide of the ap-

paratus
;
but the cavity of the retort in which the va-

| pours are condenled is higher than its neck, and the

l.diftilled fubftance pafles through that cavity before

reaching the neck. As to diftillation defending, it

was an operation which fcarce ferved any purpofe, and

f] is now no longer ufed
;

its produds were always in a

very bad Hate, and great part of them was loft in the

procefs. It was performed by fpreading a piece of

cloth over the mouth of a glafs,- placing upon it fome

vegetable fubftance, and covering this with the fcale of

a balance,' or with a capfule of metal containing fome

live coals. This mode of diftillation was formerly ufed

in pharmacy and perfumery, for obtaining the eflential

oils offome odoriferous fubftances. The produdpafs-

ing through the cloth dropped into the glafs, which

was always half full of water, to cool the oil; but moft

part of the eflence was always loft on the cloth and

the metal plate above. A more ufeful di(lin'dion is

that which regards the manner in which the fubftances

to be diftilled are warmed. This is performed either

with the balneum marice, by dipping the cucurbite in:

boiling water, or with the vapour, the fand, or the

tij cinder-bath, or with naked fire. It is alfo effeded by

'ii means of the flame of a lamp,- and by that of fpirit of

ii wine.

Redification is a fecond procefs of diftillation, the

I objed of which is to purify a liquid fubftance. In it,

heat is employed to carry off the pureft and moft vola-

1 tile part, leaving the more fixed matter, which debafecl1

Vol. L I itv
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it, in a feparate ftate; as is clone, for inftance, with fpi-

lit of wine, aether, &c.

Concentration is the direCl contrary of rectification
;

its objeCt being to volatilize part of the water, and thus

improve the ftrength of the fluids concentrated. The
matter to be concentrated malt therefore be of luperior

gravity to water. This operation is performed on fome
acids, particularly on the fulphuric and the phofpho-

ric
;

it is alfo employed on folutions of alkalis and neu-

tral falts.

Digeftion is the expofing of fubftances which we
wifli to aCt gently on one another to a gentle and long

continued heat. It is chiefly ufed to extraCl thofe parts

of vegetable fubflances which are foluble in fpirit of

wine or other fluids. Chemifts formerly put great

confidence in this operation. Though that confidence

feems to have been juftly due, as it appears from many

painful refearches, that too aCtive or too rapid a fire al-

ters the nature of moft vegetable and animal fubflan-

ces •, yet modern chemifts do' not depend on this pro-

cefs with the fame enthufiafm as the alchemifts of old.

The patient induftry of thefe people was often employ-

ed for a feries of years on one procefs of digeftion
;
for

by fuch proceffes they expected to perform wonders.

Digeftion is now confined to dyeing fluffs, elixirs, and

liquors for the table ;
it is always fuccefsfully employed

to extraft the principles of vegetables and animal mat-

ters, without altering them. It is likewife ufeful in fe-

veral operations on minerals.

Infufion is a well-known procefs: it confifts in pour-

ing warm or boiling water on fubflances of which

we'wifh to extraCt the moft foluble paits, and oi which

the contexture is fo flight as to be eafily penetiaolc,

fuch as thin bark, wood in ftnall thin pieces, leaves,

flowers, &c. It is of great ufe tor feparating fubflances

that
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that are eafily foluble, and is often employed in che-

mical operations.

Decoction, or the continued ebullition of water with

iuch lubftatices as are liable to be affected by its im-

prefiion, is ufed to feparate thofe parts of bodies which
are not foluble by a more moderate degree of heat. It

produces conliderable alterations on vegetable and ani-

mal matters; often effecting an entire change of their

properties. It coagulates the lymph, melts greafe and

rolin, and hardens the fibrous parts of a vegetable or

animal. When the chemift is well acquainted' witli

its effe&s, lie may employ it With! confide rable advan-

tage-
.

_
.

.

In the procefs of lixiviation, we diffolve, bv means of

warm water, the fahne and foluble particles of cinders,

the refidues of diftillation and combuftion, Coals, and

fuch natural earths as we wifh to analife. This ope-

ration very naturally derives its name from the lixivial

falts which are obtained by means of it. The word lef-

' five is at prefent ufed in France as fynonymous with lix-

; iviation, and is even more frequently ufed. This o-

peration, then, is merely a folution effected by means of

heat : it is likewife nearly fimilar to infufion; the only

difference is, that the latter is applied to vegetable and

Animal matters
;
while lixiviation is only employed to

obtain fubftances poffeffmg fome of the properties of

minerals.

Thefe are all the operations in chemiftry in which
fire is called in to aft a part. Formerly, indeed, no

chemical operation vcas performed without the help of

this agent
;
and the fcience tvas on that account named

Pyrotechnf. But as methods of analifing bodies have

been fince difcovered which are much lefs liable to er-

ror and more certain in their refults
; the agency of

I 2 ' fire
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fire is now much lefs ufed in chemiftry than former-

ly. The addon of folvents, or menftrua, employed

in a cold ftate, or in the ordinary temperature of the

atmofphere, is often fufficient to accomplilh the moil

furpriiing changes on natural bodies,, and affords

ground for the m-o ft accurate indudions. This method

has been applied to the examination of falts, earths,
1

and vegetable matters, &c. with the happieft fuccefs.

Heat is no more than a fecondary mean, a kind of aux-

iliary that affords fome afliftance on, fuch occafions.

As different degrees of heat are requifite in different

operations, it would be an- happy circumftance if

fome means were contrived, by which we might be en-

abled to apply always the fame precife degrees of heat

when the fame effeds were wanted. Chemifls and

philofophers have long wifhed for a furnace which

might afford regular and uniform degrees of heat

:

Hitherto, however, the manipulations of artids have

given the only means that can in any degree ferve that

purpofe. But perhaps it is not impoffible to obtain that

precifion which we defire, and of which the utility is

fo obvious. Dr Black is faid to have invented a kind

of furnace, by which he can command a regular and

uniform heat by means of a damping-plate with holes,

which may be opened or fluit at pleafure *. We have

not received a fufficiently accurate defcription of it, to

enable us to conftrud any on the fame model. But we

hope that a difcovery fo beneficial to chemiftry will

not be long unknown in France.

CHAP.
* For a good drawing, and an accurate defcription of the furnace

here alluded to, fee the Edinburgh New Difpenfatory, p. 82. fecond

edition.



CHAP. VI.

OfAtnwfpheric Air*

I .

if

COmmon air is an invifible, inodorous, infipid

fluid, poflefled of gravity and elafticity, ex-

tremely fufceptible of motion, and capable alfo of ra-

refaction and condenfation, which encompafles our

globe to a certain height, and compofes the atmofphere,

it likewife infinuates itfelf into, and occupies, the in-

terflices or pores between the integrant parts ,of bo-

dies. The atmofphere which encircles our globe is far

from being pure air. As it receives all the vapours that

arife from the furface of the earth, it may be confider-

ed as a kind of chaos, or heterogeneous mixture. We
jhall by and bye fee, however, that its nature is at .pre-

fen t pretty well known. Water, mineral exhalations,

and elaftic fluids difengaged from minerals and metals,

are inceffantly carried up into the atmofphere, and may
be faid to conftitute its elements. The objefts of at-

tention in a natural hiftory of the atmofphere are, its

height, the precife degree of which is not yet accurate-

ly determined ;
the variations to which it is liable; its

gravity
;

its different ftrata ;
the effects of its rarefac-

I 3 tion
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tion and dilatation
;
winds, and meteors. Eat thefe

come under that part of phyfics which is known by the

name of meteorology
,
and form no part of the province

in which we are engaged. Yet as air has a powerful

influence on chemical phenomena, and it is of conli-

derable importance to know the nature and extent of

that influence, we fhall here examine both the phylieal

and the chemical properties of air.

§ I. Of the Phyjical Properties of Common Air.

JfLuiDiTY, invifibility, infipidity, gravity, elafticity,

and negation of fmell, may be confldered as the

phyfical properties of air. Each ofthem merits a par-

ticular examination.
k •

I ! ,

Such is the rarity of this fluid, that it readily yields

to the flighted impulfe, changing its lituation on the

leaf! motion of bodies immerfed in it. This kind of

fluidity depends on the degree of its aggregative force ;

and as it is not confined to atmofpheric air, but is found

to characterife feveral other fluids, thefe are called aeri-

form fluids, or gafes. What conftitutes the peculiar na-

ture of aerial aggregation, is incapacity to pafs into

a fluid
?
flute ;

contrary to what raoft liquid bodies are

fufceptible of. Ey this, however, no more is to be un-

derftood, than that hitherto we have not been able to

apply to it any degree of prefiure or cold iufficient to

accomplifli this effedt. This is the diflinguifliing cha-

radterifiic of permanent gafes. The fluidity of the air

expofes ittothofe frequent and rapid motions which con-

ftitute the winds.*. It is not, however, capable of pene-

' {rating
1
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Trating into all bodies. Tranfparent matters, through

which light readily makes its way, are fecure againft

the impulle of air. Water, folutions of falts, oils, and

el fare is fuch as not to admit air. Thefe liquid fubftances

« are endowed with the property of dilating fuch bodies,

enlarging their pores, and diminifhing the clofenefs of

j
their contexture

;
of which air is deftitute.

Air, when confined in veil els, is abfolutely invifible,

I not to be diftinguiflied from the glafs that contains it

:

even when entirely filled with this fubftance, phials

prelent to the eye a feeming vacuum. It owes this pro-

perty of invifibility to its tenuity and the ready paf-

fage which it affords to the rays of light-; thefe are re-

fracted, without being reflected by it. And it is there-

fore deftitute of colour; though feme natural philofo-

phers have perfuaded themfelves that they dilcovered

•large columns of it to be blue.

Naturalifts have uniformly confidered air as an infi-

pid body. Yet, in attending to what happens, when
the nerves of animals are expofed to the contact of this

fluid, as in the inftance of wounds, and on other fimi-

lar occafions, we cannot but obferve that it has a kind

of pungency; of which we are not generally fenfible,

only becaule we are fo conftantly accuftomed to it.

Wounds, when uncovered and expofed to the air, are

affected with an acute pain. A new-born infant ex-

prefies by its cries the difagreeable fenfations which it

feels from the firft contact of the external air. This

pungency of the air is to be confidered as the reafon

I why wounds that are expofed to it, uncovered, remain

fo long open. Atmofpheric air, in the fame manner,

•impedes the growth of new bark on fuch vegetables as

have been ft ripped of their covering. In order that

fpirit of wine, pals through many bodies whole contex-

treos
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trees may regain their bark, they mud be cover-

ed over with fome body which may exclude the air.

Air is perfedtly inodorous. If the atmofphere fome-

times aitebts our organs with a kind of fetid fmell,

that is to be attributed to the extraneous bodies that

are mixed with it
;

as may be obferved in mills and

vapours.

The gravity of air is one of the fineft difcoveries of

natural philofophy : the fadl Avas never certainly

known till about the middle of the lalt century ;
tho’

Arillotle indeed is faid to have known that a blad-

der was heavier when filled with air than when empty.

The ancients had no diftincl idea of the gravity of air,

but afcribed to a certain occult quality, which they

called abhorrence of a vacuum
,

all thofe phaenomena

which depend on the weight of this body. Certain

workmen finding it impofiible to raife water by a pump
above the height of two and thirty feet, were induced

to confult the famous Galilaeo on the oecafion. He
was amazed at the phtenomenon. Death prevented him

from dilcovering the reafon of it
;
but this was after-

wards difcovered by his difciple Torricelli in the fol-

lowing manner. He reflected, that water could not rile?

in a fucking pump, without being impelled by fome

exterior caufe, the prefiure of which forced it to fol-

low the motion of the pifion. The influence of that

caufe mull be limited, fince it never railed the water

above the height of two .and thirty feet. Therefore,

if it were to act upon a body of greater fpecific gravity

than water, it would raife that body only to a height

proportioned to its gravity. He next took a glafs tube

fix and thirty inches in length, and hermetically fealed

at one end : this he filled with mercury, holding the

clofe end down, and Hopping the upper end with his

finger

'
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finger, after he had poured in the mercury: then, turn-

ing the clofe end up, he immerfed the other into a vei-

fel full of mercury ;
and upon removing his finger,

found that part of the mercury in the tube had fallen

down into the veffel, but that a confiderable quantity

fill remained; which after various ofcillatory motions,

at length fettled at 2 8 inches. By comparing this with the

height of 32 feet, to which water rofe in the pumps, he

perceived that the difference of the elevations to which

thefe two fluids rofe was in exact proportion to the dif-

ference between their lpecific gravities
;

for the pro-

portion of the fpecific weight of mercury to that of

water is as 14 to 1, and the water rofe 14 times as high

as the mercury. It was not, however, till after long

reflection, that he began to conjecture the weight of the

air to be the caufe why fluids were thus fufpended in

a pump. Nor was the exiftence of this weight certain-

ly determined, till after the ingenious experiment which

Palchal direded to be made in France.

That celebrated philofopher imagined, that if it were

adually the weight of the air which caufed water to

rife to the height of 32 feet in a pump, and mercury

to the height of 28 inches in Torricelli’s tube, thefe

fluids would rife to different elevations on the fummit

of a mountain and in a vale
;

as in the former cafe the

weight of the atmolphere mull be diminifhed. In

confequence of tips luggeftion of Pafchal’s, Perrier

made the famous experiment which finally determi-

ned the opinions of philofophers concerning this phae-

nomenon, on the 19th September 1648, at the foot and

on the fummit of the mountain Puits de Dome, in

Auvergne. The barometer, or Torricellian tube, be-

ing filled with mercury, and fixed to a fcale of 34
implies, divided into inches and lines, the mercury rofe

about
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about four inches higher at the foot of the mountain
than on its fummit, which is 500 toifes higher. From
this it was determined that the mercury varied about

an inch tor every hundred fathoms : and the barome-
ter has lince that time been very fuccefsfully applied

to the meafurement of the height of mountains.

1 he weight of the air has an influence on many
phyfical and chemical phenomena. It compretfes all

bodies, and refills their dilatation
;

it oppofes the eva-

poration and volatilization of fluids : and to it the wa-
ters of the fea owe their liquidity ; for they would
otherwife be reduced to vapour, as may be obfer-"

ved of fluids placed in the vacuum produced by the

air-pump. Air, by its gravitation on our bodies, re- ,

tains both the iolids and fluids in their proper places

:

and the blood often burfts through the Ikin, or from

the lungs, on the tops of mountains, occafioning he'-

morrhagies
;
becaufe the gravity and prefill re of the

air are there confiderably diminilhed.

Laftly, air pofiefles great elafticity. However ftrong-

ly comprefied, it inflantly returns to its former rarity

nfloon as the comprefling caufe ceafes to act upon it.

The truth of this afiertion is proved by a great many

experiments. We fhall here mention only the moll

obvious and molt condufive of thofe phyfical facls by

which it is evinced. Take a tube of glafs, bent into a

form fomewhat like the letter U, and clofe at one end ;

fill it nearly up with air, and then pour in a quantity

of mercury to prevent the air from efcaping
:
you may

thus comprefs the air fo as to know what degree

of compreflion this elaftic fluid is fufceptible of, by

comparing the diminution of its bulk with the height

of the column of mercury employed to comprefs it. A
foot-ball, which being filled with air rebounds from

any
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fmy hard body, affords another proof of the elafticity

of this fubltance. The fountain bv compreffed air,

gives an inftance of the fame fact : Air being compref-

fed into the fuperior part of this veffel, is loon dilated

by the heat of the atmofphere, fo as to force the water

.out by a tube to a confiderable height. Laftly, the

wind-gun, the effects of which are generally known, is

another inftrument for fhowing the elafticity of air,

and the compreftion of which it is fufceptible. It is

computed, that air may be compreffed into xf-fth of

its ordinary bulk.

Heat, which rarefies it by counteracting any com-

preftive force to which it is expofed, fhows that it is

no lefs capable of enlarging its bulk by dilatation. If

a bladder full of air be expofed to the heat of a fur-

nace, the air will be dilated fo as to burft the bladder

with a violent explofion. This is likewife often the

caufe of the burfting of the veffels in chemical opera-

tions
;

againft which, however, proper precautions are

now adopted. The diminution or total abftraction of

the weight of the atmofphere, which is effected by the

air-pump, affects a bladder filled with air in the fame

manner as a violent heat.
1

The reader will naturally conclude from this ac-

count of the gravity and elafticity of air, that many of

the variations which we obferve in the atmofphere

and on the barometer are owing to thefe properties.

In fact, the inferior fupport the fuperior ftrata of the

atmofphere ;
and the compreftion of a ftratum of air

is always lefs or greater in proportion as it occupies an

higher or lower fituation. Heat alfo, which is con-

ftantly varying, has the power of modifying this gravi-

ty and elafticity. Thefe are the reafons why air is

found to bo lighter, keener, and more agitated, &c.

on
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on the tops of mountains, than on plains and other lefs

elevated lituations. To underhand thofe aftonifhing

phenomena which the barometer offers to our atten-

tion, we mull ftudy the gravity and elafticity of the

atmofphere, as well as the changes to which it is liable,

from the influence of heat. M. de Luc and M. Sauf-

fure, have for fome years paid much attention to this

clafs of the phamomena of nature.

§ II. Of the Chemical Properties of Common Air„

,r

J
rHE properties above defcribed are all that were an-

ciently confidered by philofophers as belonging to

air. Several chemifts, at the head of 'whom Van Hel-

xnont, Boyle, and Hales, deferve to be ranked, obfer-

ving that air, or at lead a fluid with all the appa-

rent properties of air, was obtained in the analylis of

many natural bodies, inferred, that this element fub-

aifted in thofe bodies in a combined and fixed hate.

Hence arofe the name fixed air, which was at firfl gi-

ven indifferently to all the elaffic fluids obtained in

chemical operations. The above mentioned philofo-

phers fuppofed thefe fubftances to be of the fame na-

ture with atmofpheric air : But Dr Prieftley has dif-

covered a number of elaffic fluids, which, though ap-

parently the fame with common air, yet differ from it

in many refpedls. We muff then have recourfe to

other qualities, if we wifh to diftinguifh atmofpheric

air from the other aeriform fluids, which like it are in-

viffble and elaffic. Its chemical properties afford the

cnlr
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only criterion on which we can eftabljfh this diftinc-

tion.

In examining the diftindive properties of air, we
find two which are peculiar to it, and may very well

ferve to mark its character : one, its being favourable

to combuftion or inflammation ; the other, its ferving

to maintain animal life in refpiration. Let us carefully

examine thefe two great phaenomena.

It is exceedingly difficult to give a good definition

of combuftion. It is not one, but a number of phae-

nomena which combustible bodies offer to our obferva-

tion,, when they are heated and expofed to the adion

of the air. The chief of them are heat, motion, flame,

rednefs, and the change of the nature of the lubftance

that is burnt. There are many varieties among com-

bultible bodies. Some of them burn brifkly, and af-

ford a brilliant flame, luch as oils, wood, refinous and

bituminous fubftances, &c. : others burn away with-

out producing a difcernible flame
;

as for inftance ma-

ny of the metals, and charcoal which has been proper-

ly prepared : others again are confumed by a flow mo-
tion, Scarce obfervable, almoft without feeming to be

on fire, but always with a degree of heat ;—fuch is the

combuftion of fome metallic matters. Combuftion,

however, takes place equally in all thefe inftances
;
and

the body which has been once burnt in any of thefe

ways is no longer fufceptible of inflammation. The
refidue is always heavier than the combuftible body.

This may be eafily proved to be the cafe with fixed

combuftible bodies. But again, thofe of which the

inflammable matter is of a volatile nature, burn with

more rapidity than the former, and their fixed refidue

wants much of the original weight. From this it may
perhaps be thought, that thefe laft lofe much of their

4 weight
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weight In burning : but it- is only a Teeming lofs they*
'

fluffier

;

and there are no combufiible bodies of which

the refidues are not weightier than before combuftion.

For what remains fixed on fuch occafions is not the

only refidue of the combufiible body
;

a confiderable

part of volatile combufiible bodies is converted into

elaftic fluids, which afcend and are diffufed through
* 0

the atmofphere : and were we to fuppofe that thefe

leave no other refidue but what appears after their com-

buftion on the lpot, or in the veffiel where they were

burnt, we muft believe what is impoflible, that they

afford no refidue. iEther and fpirit of wine burn away
without leaving the fmalleft particle

; but the fubftance

into which they are converted is volatilized and diffu-

fed through the atmofphere. When means are em-

ployed to* collect it, it is found to poflefs more gravity

than the combufiible body from which it was produ-

ced. Thus, by burning fixteen ounces of highly recti-

fied fpirit of wine under a chimney adapted to the'

worm-pipe of a ftill, M. Lavoifier obtained eighteen

ounces of water as the product of that combuftion:

Oils, refins, &-c. prefent the fame phaenomenon. Thus,

the cinders of burnt v7ood are not the whole of the re-

fidue which it affords ;
the reft afcends in the air

:

one part, not being thoroughly burnt, becomes foot

;

and the other mixing with the atmofphere, is condenfed

into water, or depofites in it fome other elaftic fluids.

It is therefore an eftablifhed truth in ch^miftry, that

all combufiible bodies acquire additional weight by

being burnt.

To underftand how this addition of weight is acqui-

red, we muft attend to another of the phaenomena of

combuftion, which it wfill be neceffary to explain more

at large. Combuftion can never take place without

a the
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the help of air, and is always in proportion to the pu-

rity and the quantity of that fluid. Ever fince the

:

| the expreffion may be allowed, into their component

= 1 lame air could not always promote combuftion. M.
H Morveau fuppofed this laft fadt to depend on the ex-

I traordinary rarefaction of the air by heat
;

in confe-

I quence of which, it acquired fuch elafticity as to pre-

|j
vent the combuftion of inflamed bodies by forcible

|j
compreffion. But he olfered this ingenious hypothefis

j
at a time when it was impoflible to diftinguilh the true

||
caufe of the phenomenon. M. Lavoifier, by a feries

|
of fine experiments on the calcination of metals with

I: determinate quantities of air, has proved, that, as John
Ray the naturalift had before obferved, fo much air is

i abforbed during calcination, that the calcined metal

acquires precifely that quantity of weight which the

air lofes during this procefs j and that the portion of

air abforbed actually remains in the metallic calx, as

the calces of mercury may be reduced merely by ex-

pelling that fluid. Other facts led him ftill farther.

He obferved, with Prieftley, that the air which remains

after the procefs of calcination or combuftion, can no

longer ferve to promote new proceftes of the fame kind ;

that it extinguifties flame, fuffocates animals, and, in a

f word, has acquired a different nature. He likewife

found that its diminution is exadtly proportioned to

the quantity abforbed by the combuftible body. 'On

the other hand, air extracted from metallic calces has

} dilcoveries of Boyle and Hales, philofophers have been

9 ftruck with this fadt, and have propofed a variety of

\ hypothefes to explain it. Boerhaave thought that air

I contributed to combuftion by operating on the fur-

1 faces of combuftible bodies, fo as to diffedt them, if

1 particles. This hypothefis did not explain why the

been

I I
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been found three or four times purer than atmofpherio

air. It not only promotes combuftion, but even ren-

ders it much more rapid. A given quantity of the

former will ferve for the inflammation and total com-
buftion of three or four times that quantity of matter

which may be confumed by the help of the fame por-

tion of the latter. To this lingular fluid obtained from

the calces of- mercury, DrPrieftley, who firft diipover-

ed it, gave the name of dephlogijlicated air

;

becaufe

he confidered it as atmofpheric air deprived of the

phlogiflon, which, according to him, is diffufed through

the whole atmofphere. Its phlogiflon he believed to

be retained by the mercurial calces, w'hich are gra-

dually reduced as this elaftic fluid is difengaged by

heat. But as that name may lead to a falfe.idea of its

nature, we will give it the name of vital air ; for it

alone is the great agent in refpiration, as well as com-

buftion ;
and to ufe the expreflion of M. Lavoifier, it

has four times as much of the genuine nature of air as

common air has.

From thus obferving that air is abfolutely neceflary

to combuftion, and that part of the air neceflary to the ;

calcination of metals remains in the calces, M. Lavoi-

fier was at firft led to think, that combuflion confifted

in the abforption of pure air by the combuftible body.

Abftradling the water, and vapours contained in, at-

mofpheric air, he confidered the fubftance that remain-

ed as a compound of two very different elaftic fluids.

One of thefe, which is the only genuine air, and which

promotes combuftion by precipitating itfelf into the

combuftible body, and uniting with it, is vital air. It

generally compofes a fourth part of the atmofphere,

and fometimes even a third part, when it is in its pureft

ftate. Xhc other fluid is deleterious to animals, and

extinguishes
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extinguifhes flame'; and it conftitutes three-fourths or

two-thirds of the atmofphere : it was at firit -named

mephitic air. When a combuflible body is expofed to

the air and kindled, a portion of the vital air in the

atmofphere becomes fixed in that body, and its combu-

ftion continues till it abforb al^ the vital air immediate

ly around it. The refidue of the air, after it has loll

this pure vital part, can no longer contribute to com-

buftion. It regains this power on being again qualified

with a due quantity of pure air extracted from nitre or

a metallic calx. This elegant theory propofed by M.

Lavoifier in the years 1776 and 1777, appeared to ex-

plain all the phenomena of combuftion. It account-

ed for the additional weight acquired by.metallic calces)

and the extinction of flame by air that has'been alrea-

dy employed in combuftion. But M. Lavoifier, after

continuing his experiments on thefubject, has thought

proper to modify and enlarge it by new obferva-

tions. The bright fame which- is obferved on im-

merfing a burning body in vital air, or on pouring that

fluid on the furface of a flaming fubftance (which may

be done by means of an ingenious machine of his in-

vention) made him defirous of knowing whence, it

proceeded, and whether, according to the theory of

Stahl, it were owing to the difengagement of phlogi-

fton. He inquired into this with the more attention,

becaufe the celebrated Macquer had ftill perfifted, not-

withftanding his difcoveries, in maintaining Stahl’s

theory, but had laboured to reconcile his theory with

that of the father of philofophical chemiftry. Macquer

was of opinion, that pure air became fixed in combu-

ftible bodies in confequence of their phlogifton being

difengaged
;
and that pure air and phlogifton were re-

ciprocally precipitated ;
the one from the atmofphere

Vol. I. K . into
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into the combuAible body, the other from that body
into the atmofphere : in every procefs of combuAion
pure air extricated phlogiflon into a (late of liber-

ty, and affumed its place
;
and in the reduction of

metals, phlogiAon difengaged pure air and occu-

pied the room which it had formerly polfelfed. M.
Lavoifier obferving that the bright fparkling flame be-

fore mentioned, which affords the Arongeft indication

of the prefence of light or the matter of fire in a Aate

of activity, feems rather to furround the exterior part

of the body in combuAion, than to proceed as if it

were difengaged from it,—has been led to think that

light and heat are feparated from vital air, in propor-

tion as it is abforbed by the body in combuAion. His

prefent opinion is, that vital air, like all other aeriform

fluids, is a compound, confiding of a certain principle

fufceptible of folidity, and of fire or the matter of heat

;

that to its poflefiing the latter it owes its Aate of elafiic

fluidity
;
and that, being decompofed in combuAion,

its fixed, folid principle, by entering into combination

with the combuAible body, increafes its weight and

changes its nature,—while the matter of fire that it

contains is difengaged under the form of light and heat.

Thus, the modern do&rine has befiowed on vital air

\vhat Stahl attributed to phlogiAon. If combuAion

confiA in the difengagement of fire, it is air, not the

combuAible body, which burns. As to the principle

which, in combination with the matter of fire, confii-

tutes pure or vital air, though M. Lavoifier is not yet

perfectly acquainted with its nature, yet as it is often

known to form acids by entering into combination with

combuAible fubfiances, he has conferred on it the

name
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name of the oxigenous principle *. With this bafe, the

fulphuric, arfenic, and phofphoric acids, &c. are pro-

duced in the combuftion of fulphur, arfenic, and phof-

phorus, &c. In all thefe bodies it is Hill the fame.

It is to be obferved, that according to this new theory,

the vital air which is obtained from metallic calces

did not exill in thefe calces under that form. It be-

comes fuch, in confeqiience of the combination that

takes place between the heat and light communicated

through the vefiels in which the calces are contained

during this procefs, and the oxigenous principle by
w7hich they are conftituted calces.

Such is the prefent Hate of chemical dodlrine (May
1787) concerning the nature of atmofpheric air, and

its influence on combuftion. The theory of which we
have / given an account is daily gaining new ftrength.

The objections urged againft it have but little weight :

they even ftiow, that if its oppofers were better ac-

quainted with it, they would ceafe to raife their voice

againft it, and that when it becomes generally known,

it will be unanimoufly received by the learned.

Refpiration is a phenomenon nearly refembling

combuftion. Common air is decompofed in the one

as well as in the other
;

that it may contribute to ei-

ther, it mull contain a certain quantity of vital air.

When it is deprived of all its vital air, the mephitic

refidue is fatal to animal life. Refpiration is in fadl

but a flower combuftion, in which part of the heat

of vital air enters the blood as it pafles through

K 2 the

* M. Lavoificr gave it at firft the name of oxigyne ; but finding it

necefiary to apply an analogous name to fome other fubftances, before

known by improper denominations, we have changed the gyne into pene,

P more expreffive of its Grqek derivation.
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the lungs, and is by it conveyed through the whole

body. In this manner animal bodies receive their

fupplies of heat, which are abfolutely neceffary, as they

are conftantly giving out the heat which they contain

to the atmolphere and other furrounding bodies. To
maintain the heat of the blood is, therefore, one of

the chief purpofes of refpiration ;
and this beautiful

theory explains why the blood of thofe animals that

refpire either no air or but very little, is always cold.

Meffrs Lavoilier and de la Place have difcovered

another fervice which the air performs in the act of re-

fpiration. It abforbs a certain principle that exhales

from the blood, and appears to be of the fame nature

with coal. That lubltance being reduced into vapour

enters into combination with the oxigenous part of vi-

tal air, and forms the carbonic acid which is difchar-

ged from the lungs by expiration. This fact,—the

formation of the carbonic acid in the atmofpheric air

refpired by animals, at the fame time when the mepbU

tic air is feparated,—explains why fuch dangerous ef-

fects enfue from the fhutting up of a number of per-

fons together in clofe places
;
fuch as happens in theatres,

hofpitals, prifons, and the hold of a Ihip, &c. After

this, we can no longer be furprifed at the noxious ef-

fects of air altered by refpiration, by which perfons of

delicate conftitutions and great fenlibility of nerves are

particularly liable to be affefted.

The atmofphere which encompaffes our globe ap-

pears, therefore, to be differing continual alterations

from the two great phenomena of combuftion and re-

fpiration. That fluid would be very inadequate to

thefe two great purpofes, were there not other means

provided for renovating the atmofpere, and maintain-

ing it with conftant fupplies of vital air. In the fol-

lowing
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lowing chapter, and in the third part, we fhall fee that

the organs of vegetables are defigned by nature to ex-

tract this vital air from water, as well as to pour it

into the atmofphere, when ftruck by the rays of the

fun.

' i «

§ III. Of the diflinguijhing Properties of that Mephitic

Air, or Azotic Gas, which enters into the Compofition

of Atmofpheric Air.

JfROM the preceding account of .atmofpheric air, it

appears to be a compound body, confiding of two

gafes or elaltic fluids
\

one of which maintains com-

buftion or refpiration, but the other is entirely unfit

for either of thefe purpofes. The firft, which is na-

med vital air, exifts in the proportion of 0,27 or 0,28 ;

while the latter amounts to 0,73 or 0,72. We have

aflerted the firfl: to be a compound of the caloric and

the oxigenous principles
;

the fecond, like all other

galeous bodies, is alfo a compound of the caloric prin-

ciple with a bafe fufceptible of foliditv. To this ela-

ftic fluid, which conftitutes more than two thirds of

the atmofphere, M. Lavoifier at firfl; gave the name of

mofettic air •, becaufe it extinguilhes combuflion, and

deftroys animals. But fince all gafes, except vital and

atmofpheric air, are equally noxious, and are there-

fore all equally intitled to the name of viofettes or me-

phites, which has been always applied to elaftic fluids

unfit for refpiration ;—we have adopted the word azotic

gas as the peculiar denomination of this aeriform fluid :

and we may of confequence apply the fubftantive azote,

K 3 or
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or the term azotic principle, to the bafe of this gas y

which, like the oxigenous principle, the bafe of vital

aii', becomes fixed by entering into combination with a

number of fubftances. In order to give fome idea of the

nature of this azotic gas, we fh all mention a few of its

properties. It is fomewhat lighter than common air,

and therefore occupies the upper part of rooms in

which the air hath been altered by combuftion or re-

fpiration. Though fo noxious to animals in the ftate

of elaftic fluidity, yet the azotic principle, its bafe, is

one of the component principles of animal bodies
;

from which it is extracted in great abundance. It is

likewife one of the conftituent parts of volatile alkali

or ammoniac, and of the nitric acid. It appears to be

abforbed by vegetables, and perhaps alfo by animals.

It is highly probable that the fame principle enters in-

to the compolition of all alkaline bodies, and may be

confidered as a genuine alkaligenoiis iprinaiple, in oppo-

fition to the bafe of vital air, to which we have given

the name of the oxigenous principle. Thus we are

led to confider the atmofphere as a vail refervoir of

acidifying and alkahfying principles, though it be itfelf

neither acid nor alkaline.

Here we can only mention thefe properties
;

in the

fucceeding part of the wmrk they fhall be more, parti-

cularly explained. Here we have only endeavoured

to point out the difference between the two fluids of

which our atmofphere confifts, and to fix the reader’s

attention on the nature of each as diffind from the

other.

CHAP.
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Of Water ,

ATER was long thought to perform an im-

portant part in almoft all the phaenomena of

nature, and to be capable of affiiming a vail variety of

forms, and entering into many combinations, without

fullering any alteration of nature, or becoming unable

to refume its original ftate. But the late refearches of

Meflrs Lavoilier, Meunier, de la Place, and Monge,
have difcovered that water, like air, is compounded of

hiore Ample principles which may be obtained feparate.

The period of this important difcovdry conftitutes a

glorious aera in the hiftory of chemiftry. We fhall

afterwards fee by what means thefe philofophers ac-

complifhed the analylis of water. Let us firlt conh-

der the chemical properties of this body.

S ir
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§ I. Of the Phyfical Properties of Water.

Philosophers define water to be an infipid, ponde-

rous, and tranfparent fluid, without colour or ela-

Hicity, extremely fufceptible of motion, and capable

of palling through the various Hates of aggregation,

from the folidity of ice to the tenuity of vapour or

elaftic fluidity.

It is found in almofl all natural bodies
;
but nature

has united it with many fubftances with which art has

not yet learned to make it enter into combination. It

is obtained from wTood, and from the mod folid bones
;

it is known to exifl in the hardeft and molt denfe cal-

careous Hones; it conditutes the moH confideirable

part of animal and vegetable fluids, and even enters in-

to the compofition of the folid parts of fuch bodies.

Thefe are the facts which gained it a place among the

number of the elements.

The natural philofopher views it as exifling in mafles

over the globe, filling up its cavities, or channelling its

furface. Its hiflory comprehends that of the eternal

ice which covers the fummits of fome lofty mountains

and the polar feas, of lakes, rivers, rivulets, fprings,

clouds, rain, hail, and fnow. It is diflinguiflied into

terrefirial and atmofpheric water. It attracts the cu-

rious inquiry of the philofopher, in its palling fuccef-

Hvely from the furface of the earth into the atmofphere,

and from the atmofphere upon the riling heads of hills

;

and again, in its gathering into fireams, producing

fprings, fountains, and rivers
;
and in the laft form,

holding
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holdin its headlong courfe to its great refervoir the

fea .
oferving the phenomena of this immenfe mafs

of War, we behold it agitated with the raoft tremen-

dous lotions ;
we fee its fluctuations and currents

lomenes railing awful liquid mountains ;
we fee it

fomettes encroaching on the limits of the earth, and

fomettes retiring within its ancient boundaries. Here

new lands fpring up from its depths
;

there the

foiudtions of iftes of ancient name are fapped, and

thy fv allowed up in its bowels. If we trace its

adon in fubterraneous cavities, we there find it en-

jiged ir. humbler labours, producing falts and cryftals,

nd depfiting them in the clefts of the rocks. All

i hefe oljetds mud come under our attention in pur-

tuing tht natural hidory of water. But we mud firft

examine its phyfical and chemical properties.

The irbft remarkable of thefe is its being fufceptible

of vafpus forms, and becoming by turns a folid, a li-

quid, 6 a vaporous body. Let us confider it under

each of hefe three modifications.

I. Of Water in the State of Ice.

Ice feem.to be the natural date of water
;

for, in

chemiftry ateaft^we confider that as the natural date

of any body . which its aggregative force is dronged :

But as it apiars much more frequently in a liquid

date, liquidity s ftill confldered as the natural date of

water.

Several phjen-nena highly worthy of obfervation

occur in the forpqon 0f ice.

i. The change c a liquid into a folid body, which
takes place on the bezing of water, occafions a heat

*
' of
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of fome degrees. In a thermometer immeid into

freezing water, the mercury rifes fome de-ees a-

bove 32
0

;
while in another, in the open atmoftere of

the fame temperature, it either remains fixeat that

point or finks below it. It appears, therefo, that

part of the heat which is fixed in water in liquid

Hate, is difengaged and efcapes into the atmphere

when it afiumes a folid form
; and the fpecific eat of

ice is adtually lefs than that of water. A fimilarVfen-

gagement of heat is obferved in the cryftallizatbi.of

lalts.

2. The external air promotes the formatior. of ic.

Water in a clofe veftel freezes but very flowiy
;
bi

expofe it to the open air, even in the fame temjerature

and ice will almoft inftantly appear. A fimiar phas.

nomenon is obferved in the cryftallization of falts 1

many faline folutions, which in clofe vefiels ire main-

tained in that Hate, will almoft in an inftant fifplay

cryftals, if you open the mouth of the vefiels md ex-

pofe them to the contact of the atmofphere.

3. Gentle motion is favourable to the pro<oftion of

ice. The fame thing is obfervable of falin cryftalli-

zations. By fhaking fome folutions, whic 7 otherwife

would not produce cryftals, we fometimes ^ thefe ap-

pear while the fhaking is continued. 7 have often

obferved this in folutions of calcareous n^ate and mu-

riate. Thefe analogies between the fetation of ice

and that of faline cryftals prove, that tt former is ac-

tually a fpecies of cryftallization.

4. The bulk of a piece of ice app*rs to be greater

than that of the water of which it formed
; bottles

and other glafs vefiels are burft in anfequence of the

freezing of liquids with which tW are filled. But

this eftedl is to be aferibed not 1 the water, but to

theI
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the air which is difengaged from it during its congela-

tion.

When ice is formed, it is diftinguifhed by the fol-

lowing properties.

1. It has been obferved by M. Mairan, that when
formed by a flow congelation, its cryftals are in the

form of needles eroding each other at angles of—
from 6o° to 120°. Sometimes its cryftallization takes

a regular and determinate form. M. Pelletiers, a fcho-

lar of M. D’Arcet’s, and member of the college of

pharmacy, obferved in a piece of fiftulous ice cryftals

in the form ©f flat quadrangular prifms, terminating in

two dihedral fummits, but with great varieties. On
the other hand, when ice is fuddenly formed, and in

large mafles, it becomes one irregular folid, exa&ly

Jike that, produced when folutions of falts are' prefled

clofe together and fuddenly cooled.

2. Its folidity is fo great, that it may be reduced to

powder, and carried about by the wind. In very cold

climates, ice becomes fo hard that it may be hewn into

pieces like ftone, and ufed in building. Nay, we are

even confidently told, that mafles of ice have been hol-

lowed into cannons, and charged and dilcharged feve-

ral times before melting.

3. Its elafticity is very great, much greater than

that of water in a fluid ftate. Throw a piece of ice

on a folid plane, it rebounds from it like any other hard

body.

4. It has a keen, fharp tafte, nearly approaching to

caufticity. Every perfon knows what kind of fenfa-

tion ice gives when applied to the fkin. Phyficians

employ it in external applications as a tonic or difeuf-

five, £>cc.

5. Its gravity is lefs than that of the fluid on which
it
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it fwims
;
which feems to be occafioned by its contain-

ing a greater quantity of air in proportion to its bulk.

The fame phenomenon takes place on moll of thofe bo-

dies that admit of concretion by cold, and fufion by
beat, fuch as butter, fats, wax, & c. and bill arifes

from the fame caufe
;

for every fubftance is by it-

felf more denfe and weighty in its lblid than in a fluid

bate.

6. Its tranfparency, at ieaft in irregular mafles, is

obfcured by air-bubbles. You may be convinced of

this by examining a piece of ice attentively * and

if the cavities be opened under water, the air which

they contain will be feen to iflue in bubbles from its

furface.

7. It melts at fome degrees above 32 0
; the lique-

faction proceeding gradually from the furface to the

centre.

8. Palling from a folid to a liquid bate, it produces

cold in the furrounding atmofphere. Modem chemibs

think that it abforbs heat when it melts; and that the

quantity of the caloric principle which becomes bx-

ed in it on that occafion, is equal to the quantity of

heat difengaged when it pabes from fluidity into the

bate of ice. The fame phenomenon is common to

all fluid bodies that can be condenled into folids, and

again reduced to fluidity by the variation of their tem-

perature.

II. Of Water in a Fluid Slate.

The properties of w7ater in a fluid bate are very dif-

ferent from thofe of ice.

1. Its tabe is much fainter, for it is generally conli-

— dered
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tiered as infipid. And yet people that drink much of

it, can diftinguifli differences in its tafte at diffe-

rent times, &. c. ;
which ihovvs that it is not abfolutely

inlipid.

2. Its elafticity is lets than that of ice. Some experi-

ments of the Academy del Cimento
,
have even caufed

this property to be entirely denied to it. But the Abbe

•Mongez has proved the elafficity of water by a leries

of ingenious refearches
;
and has even ftiown, that the

experiments of the Academy admit of an inference di-

redlly oppolite to that which has been deduced from

them. For the metal lpheres, which had been filled

with water for thole experiments, continued to exfude

liquid drops after being taken out of the prefs; which

could not have happened if the water had fullered no

compreflion.

3. In the ffate of a liquid aggregate, water is more

under the influence of the affinity ofcompofition. From
this circumltance it has obtained the name of the great

folvent of nature. It does indeed enter into union with

a great many bodies, and even contributes highly to the

mutual combination of bodies.

4. It feems incapable of combination with light,

which paffes through it without producing or fullering

any alteration. Light is known to change its courfe in

palling through water, fo as to affume a more perpen-

dicular diredtion.

5. Heat dilates it to a gafeous Hate. Its palling

from a liquid Hate to that of aeriform fluidity conlti-

tutes ebullition. The caufe of this phenomenon is,

that, part of the mafs of water under examination

having affirmed the form of an elaftic fluid, the heat

no longer fuffers it to remain in union with that which
is Hill liquid : each bubble rifes from the bottom ofthe

vefiel.
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veflel, and afcends into the atmofphere, in obedience to

the action of heat. 1 have explained the caufe of e-

bullition at large in my Memoires de Chimie
,
publifhed

in 1784, page 334.
The weight of the air has a remarkable influence on

the ebullition of water. It oppofes its dilatation and

evaporation : And in proportion as the gravity of the

air is lefs or more, the refiftance which it oppofes to the

volatilization of water mult be weaker or more power-

ful. Thus, Fahrenheit obferved, that the temperature

of water in a Hate of ebullition is not always the fame.

In order then, to know with greater certainty thepre-

cife degree of heat at which water boils, we muft con-

fult the barometer as well as the thermometer, and we
fhall find the requifite heat always proportioned to the

weight of the air.

The influence of the weight of the air on the rare-

faction and ebullition of water becomes more remark-

able when we make our obfefvations at various heights

in the atmofphere. Thus, ceeteris paribus, water boils

eafier on the fummit of a mountain than in a valley or

on a plain
;
the heat requifite to^produce ebullition be-

ing lefs in the former fituation than in either of the two

latter. All fluids are eafily rarefied at very elevated

heights
;

for this reafon, liquids that are highly vola-

tile, fuch as fpirit of wine, aether, and alkaline or

ammoniac gas lofe much of their firength on the tops

of mountains ;
a fadt which has been generally ohfer-

ved by natural philofophers, and fully determined by

an obfervation made by 3VI. de Lamanon, at the height

of more than 1 800 toifes above the level of the fea.

Abftract the weight of the atmofphere with the pneu-

matic engine, and you may heat water to ebullition,

and
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9nd reduce it to vapour, without raifing it to the tem-

perature of 40°.

Laftly, A third circumftance, befides the heat and

the gravity of the atmofphere, which affects the ebul-

lition of water, h the drynefs or humidity of the at-,

mofphcre ;
but as the influence of this circumftance is

entirely chemical, ve fliall referve the coniideration of

it to the next fectioi'.

6. Boil water in a clofe veffel, and with a fuitable

apparatus for collefti.tg the vapours
;

let thefe be con-

denfed by cold, and conducted into a receiver
;
what

is thus obtained is diftilled water. By this means wa-

ter is obtained pure, and feparated from thofe earthy

and faline matters whici glmoft always alter it, but arc

nowr left in the bottom ff the veffel. Chemifts, who
always need pare water for their experiments, provide

themfelves with it in tiis way. * They pour river or

fountain water into a cumrbite.of copper tinned over

within : this they cover yitha capital inferted into a

refrigera:ory filled with viry .cold water, for the pur-

pofe of candenfing the vapmrs
; ’which are thus caufed

to pafs ir. drops into glafs-^effels prepared for their re-

ception. But in order to ©tain diftilled water in the

greateft mrity, an alembic peculiarly adapted for this

purpofe null; be employed. To abridge the procefs of

diftillaticn, this veffel fhouldbe prepared on particular

principle ;
the cucurbite fhoild be broad and flat, and

the capitl of the fame form. Water thus diftilled is

perfe&lypure. Chemifts foimerly made ufs of fnow

or rain water; but thefe are mw known to contain fo-

lutions olfome extraneous fublances.

Diftilkl water has an infipii tafte, an'd tvhen drunk

oppreffeshe ftomach with a kiid of weight; Uht after

being expfed to tie open air, and brifkly fhaken, it

re-
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recovers its tafte, and may be drunk with fafety. Di-

ftillation doe's not alter water, it only deprives it of the

air which is always united with if in its ordinary

ftate, and communicates to it that /lively frefh tafte

which renders it potable. Boerhaave/diftilled a quanti-

ty of water 500 times fucceftively, w ithout being able

to difcover any alteration upon it. Some philofophers

have at different times aflerted, tlht water is changed

into earth
;
becaufe, at each new cliff illation, it leaves

a certain quantity of an earthy lefidue in the bottom

of the veffel. M. Lavoifier hasinade a Series of mod;

accurate experiments, with a dew to determine this]

By weighing the glafs veffels employed in the procefs

of diftillation, and doing the fane with the water diftil-

led and its refidue, he has difclvered thct this earth is

nothing but a part of the matfer of the veffels ground

down by the adion of the wafer.

/':
.

:

III. Of Water as di Elaflic Fluid.

When water is reduced the adion of fin into the

ftate of vapour or elaltic fhidity, it acquiresnew pro-

perties which diftinguifli iffrom what it was inder the

two former modifications.

1. If the air into whicl it is received be ibove the

temperature of 65?, and not overcharged with hu-

midity, it becomes perfectly invifible.

2. If the temperatureof the atmofpherebe below

53
0

,
and, if it be alrea<y loaded with mofture, the

watery vapour forms a white or grey cloud which is

very plainly diftinguiflqble : The reafon cf this is,

that it ^s not diffolved ii humid air, as final be after-

wards
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Wards fhown
;
but a true precipitation actually takes

place.

3. Its dilatation is fo confiderable, that, as M. Wath
allures us from the moll accurate computation, it oc-

cupies, in this form, 800 times the fpace which it fills

when liquid.
'

4. Such is its elafiicity, that when comprefled, it

produces dreadful explofions; and is happily employed

in mechanics to move enormous malfes. Its utility in

that valuable machine the (team-engine is well known
both to philofophers and artifans.

5. Agreeably to one of the molt uniform laws of the

affinity of compofition, it has a greater tendency to

combination in this Itate, in which its aggregative

force is weakelt, than in the two former. Chemilts

have frequently occalion to obferve with what rapi-

dity water in the Itate of vapour dilfolves falts, foft-

ens mucQus fubltances, corrodes and calcines metals,

&-C. ' 1

6. It is entirely dilfolved in air
;
when precipitated

.-from the atmofphere, it conftitutes dew. This folution

obeys the fame laws with faline folutions
; as has been

fhown by M. Le Roy of Montpelier, in an excellent

memoir on the elevation and fufpenfion of water in the

atmofphere, ( Melanges de Phyfique et de Medicine, Pa-

rity177 1 .)

7. One of the molt remarkable phaenomena of water in

a vaporous Itate, is its power ofquickening the combulti-

on of oil; as in the experiment of the aeolipile applied to

the enameller’s lamp, in common fires of mineral coal

or charcoal, and in the burning of greafe
; initead of

extinguiihing, water rather increafes the ftrength and

fury of the flame in all thefe inltances. Thefe phaeno-

mena led Boerhaave to think that flame was in a great

meafure compofed of water. We will fee how much
Vol. I. L this
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this ingenious conjecture of Boerhaave’s is confirmed,

or at leaft juftified by the modern difcoveries concern-

ing water, when we come to fhow that this fluid, in a

vaporous Bate, increafes the violence of flame, in con-

fequence of being itfelf decompofed by the bodies in

combuftion.

8. Water in vapour, and diflfolved in the air, iscon-

denfed, and part of it precipitated, when expofed to a

temperature a few degrees above the freezing point;

it then refumes its liquidity ;
and in this manner is

dew produced. Sometimes, when expofed to a fudden

cold feveral degrees below the freezing point, it is

congealed into icicles, and feems to fuffer a kind of

cryftallization : hence thofe hoar, icy incruftations that

are formed in winter on the windows of apartments

expofed to the north : hence too thofe finall icy flakes

into which the aqueous vapours ifluing from the lungs

are formed in Siberia and other countries expofed to an

extreme cold.

§ II. Of the Chemical Properties of Water.

O other natural body is fufceptible of more combi-

nations than water ; and it has, on this afccount,

long held the name of the great folvent of nature.

The waters of the fea, of lakes, of rivers, lprings,

and fountains, are far from being pure, and are im-

pregnated with almoft every other fubftance, efpecial-

ly with faline matters.

It combines with air in two ways : 1 . It abforbs that

elattic fluid and retains it without palling from its li-

quid
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quid ftate. It even appears that water owes its pleafant

frefh tafte to the air thus combined with it. 1 he pneu-

matic engine proves the reality ol this combination ;

when the air above the water is exhaufted, that which

is mixed with it is gradually difengaged in the form of

bubbles. The air contained in water may be obtained

hy diltilling the water in a pneumato-chemical ap-

paratus. When water is boiled, the fir ft bubbles

that arife confift of air, and ,the water, after loling

them, has no longer the fame lightnefs or relifh. It

recovers thefe properties by being expofed for fome

time to the open atmofphere, or by being brifkly fha-

ken. 2. Air, with a certain degree of heat, dilTblves

water, and renders it elallic and inyiiible like itfelf.

The greater its heat, the greater alfo is its power of

maintaining water in a ftate of folution. Le R.oy of

Montpelier has examined with minute attention the

ftate of water in the atmofphere. His ingenious expe-

riments Ihow, that the drieft hot air, if inclofed in a

flaile, and cooled to a certain temperature, affords a

precipitate of water
;
that more or lefs aqueous va-

pour is neceflary to faturate the lame quantity of air

according to its heat
;
and that this water is precipi-

tated from the atmofphere through the night, and

forms a particular kind of dew. He has even been led

to think, from thefe fadts, that the weight of the atmo-

fphere depends upon the quantity it contains of this

water, which is always in proportion to its tempera-

ture.
»

Though it is not confident with the method which
W7e propofe to follow, to enter upon the examination

of faline matters in this place
;
yet we muft obferve,

that water, as it pofiefies in an high degree the pro-

perty of difiblving them, always contains a certain

L 2 quan-
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quantity of fome faline fubftance. Calcareous falts are

mofl frequently mixed with water, and communicate

fome diiagreeablej and fometimes even noxious, quali-

ties to well and river waters. Thefe are fometimes alfo

found to contain a portion of the carbonic acid, of clay,

of iron, and of the extracts of vegetables altered by pu-

trefaction. All fuch waters are unwholefome
;

thofe

vitiated with the former mixture are called crude, hard

waters : they have an infipid tafle, are heavy upon the

ftomach, and unfavourable to digeflion ;
and being-

likewife often purgative, the ufe of them is not with-

out danger. It is, therefore, an object of confiderable

importance to diftinguifh the quality of water; to dif-

cover whether it be impregnated with any bodies which

may communicate to it noxious properties
;
and to

adopt means for purifying it from fuch a mixture.

Good wholefome water is generally diftinguifhed by

the following chara&eriftics. It is very clear and lim-

pid ;
no extraneous body alters'its tranfparency

;
it has

no kind of fmell
;

it has a lively, frelh, and almoft

pungent tafte
;

it boils readily, and without lofing its

tranfparency ;
it entirely dilfolves foap, in fuch a man-

ner as to produce an homogeneous fluid, without

clouds or lumps ;
it boils leguminous vegetables with-

out hardening them : if tried by an addition of thofe

liquors that are named re- agents, fuch as alkalis, and

folutions of mercury and lilver with nitre, it lofes nei-

ther its purity nor tranfparency; or at leaft if it fuffers

any change of that kind, it is almoft imperceptible.

Laftly, it pafies eafily through the ftomach and the

inteftines, and is favourable to digeftion. Spring

or river water, which filtrates or flows through fluid, is

in continual motion, and is not polluted with the pu-

trefaction ofanimal or vegetable lubftances,—is found to

«. ' poflefs
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poftefs all thefe properties : but filth mull not be con-

veyed into it byfewers; the channel mult not be filled

up fo as to divert or flacken its courfe; nor muft hemp
be fteeped, or foul linens walked in it, &c. On the

contrary, water which ftagnates in fubterraneous ca-

vities, which ilfues from a calcareous or gypfeous foil,

which has no current, which is overgrown with plants

or crawls with infects, which is very fliallow, with a

loft muddy bottom, confiding of putrid vegetables; all

fuch water exhibits quite different qualities. Its tafte

is infipid or even naufeous
;

it has the fmell of a moul-

dy or pntrid fubftance
;

it is often green or yellowifh
;

green or brown flakes of matter, the remains of putre-

fied vegetable fubftances, are feen fwimming in it
;

it

turns vegetable blues to green
;

it becomes dark and

muddy when boiled; forms clouds with foap, and har-

dens all kinds of pulfe
;

the re-agents caufe it to

give precipitates in greater or lefs abundance
;

it op-

prelfes the flomach, remains long upon it, and retards

digeftion.

Several means are ufed to correct thefe bad qualities,

which have been adopted entirely from the confidera-

tion of its phylical and chemical properties.

i. Stagnant w? aters are put in motion by cutting out

for them a doping channel, expofing them to the ac-

tion of mills, caufing them to rife in fpouts through

the air, or to tumble down in cafcades, By thefe

means the putrid gas and fpiritus redtor are cau-

fed to evaporate, extraneous matters are collected

and depofited in the bottom, and a confiderable

quantity of air is attracted into combination with the

water.

'2 . Marfhes and pools are 'cleanfed of all putrefying

animal and vegetable fubftances: and this cannot be
L 3 done
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done without agitating their waters at the fame time,

which is alfo ferviceable.

o
)

. Water is filtrated thro’ jars or fountains, the bot-

toms of which are covered with fine fand and fponges

:

thefe need to be renewed from time to time. The bot-

toms of fmall rivulets naturally covered with a bed of

mud, are alfo laid with fand and pebbles.

4. The above are means for purifying water by fe-

parating from it fuch heterogeneous matter as may hap-

pen to float in it
;
but they cannot deprive it of any

faline fubftances that exift in it in a ftate of folution.

To feparate thefe from water, it mull be boiled, left to.

fettle and cool till it become clear, then filtrated thro’

paper or pure fand, and expoled to the air in broad (tone

veflels. After undergoing this procefs, it may be drunk

with fafety. Ebullition frees hard water of the prin-

ciple which occafions its difagreeable fmell, and caufes

it to precipitate part of its calcareous falts : but to

produce the laft effeft, the water mull be boiled for

half an hour, or for fo .long time as may be necefiary

to make it diflfolve foap, and to deprive it of the pro-

perty of hardening pulfe.

5. If boiling be found infufficient for purifying

water of its calcareous falts, as fometimes happens

when it is flrongly impregnated with them; thefe mull

then be precipitated by boiling it with a fmall quanti-

ty of pctalhes, or for want of potafhes with common
‘allies

;
the falts then fall to the bottom ; and the wa-

ter being differed to fettle, and expofed to the air,

acquires all the qualities which we wifli it to pof-

Jfefs.

6. We may alfo make life of fome fubftances to cor-

rect the dilagreeable and noxious qualities of water,

fuch as fugar, meal, barley, corn, honey, pot herbs, and

' fome
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fome labiated aromatic plants. But tliefe cannot, like

the former means, communicate to it the qualities ot

pure water
;
they only fubftitute one tafte in the place

of another.

This account of the chemical properties of water

reprefents it only as a powerful agent in combination,

capable of entering into union with many natural bo-

dies. But in many of its combinations it fullers a re-

markable alteration, which was not taken notice of till

within thefe few years (in the month of April 1784) ;

and which is highly worthy of the attention of che-

mifts. Water has long been known to favour combu-

llion in fome inllances, as in the enameller’s lamp, in

the inflammation of oils, in ftrong conflagrations, &c.

Some philolophers had thought themfelves authorized

by thefe facls to conclude, that water was fometimes

changed into air : but we are indebted to a few French

academicians for a more accurate account of thefe phe-
nomena, and of the nature of water. M. Lavoifier ha-

ving obferved, with M. de la Place, that when inflam-

mable gas is burnt in a clofe veflel, by the help of vi-

tal air, a product of pure water is obtained .(a fad;

which was obferved almoft at the fame time by M.
Monge, with the moll accurate attention, in the labo-

ratory of the fchool of Meziere), concluded, that this

produd mull be compofed by the combination of vital

air with inflammable gas
;
and that thefe w7ere the con-

ftituent principles of water. This theory, by which

M. Lavoifier prefumed to deprive water all at once ofthe

charader of a Ample elementary body, which it had fo

long maintained, met with keen oppofltion ; and its au-

thor found himfelf under a neceflity of eftablifliing it

by analytical as well as by fynthetic fads. He there-

in 4 fore
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fore attempted to decompofe this fluid, by exhibit-

' ing to it bodies, the affinity of which with one of its

principles was fo ftrong, that they might be expected

to feparate it from the other. Obtaining the afliftance

of M. Menfnier, in his refearches on this head, thofe

two philofophers read, in the academy, on the 21ft of

April 1784, a Memoir, proving that water is not a

Ample fubftance, but a genuine compound of the bafe

of inflammable gas with that of vital air or the oxige-

nous principle
;
and that the two principles may be

eafily feparated from each other. To obtain thefe two

matters feparate, M. Lavoifier at firft employed the

following procefs. In a fmall bell-glafs, above fo much
mercury, he put a certain quantity of very pure diftil-

led water mixed with iron-filings : Thefe filings were

gradually calcined
;
an inflammable elaftic fluid was

difengaged, and collected immediately above the mer-

cury
;
and in proportion as thefe two phaenomena ap-

peared, the quantity of the water was diminifhed. By
profecuting this experiment farther, the iron may be

entirely calcined and totally decompofed; for the wa-

ter, in M. Lavoifier’s opinion, both occafions the

calcination of the iron and gives out the inflam-

mable gas. As the fluid is compofed of the oxige-

nous principle and the bafe of inflammable gas, the

iron gradually depriving it of the former, combines

with that- principle to form a metallic oxide, and leaves

the inflammable gas difengaged. Such was the firft ex-

periment in which this, enlightened chemift accom-

plifhed the decompofition of water, But in thofe re-

fearches which he profecuted in conjun&ion with M.
Meufnier, he followed a much fhorter and more con-

fjufive procefs. Placing the barrel of a gun in a fur-

$
nace*



nace, and heating it red-hot, he dropped a certain

quantity of water through it. Jn this procefs, the wa-

ter being reduced to vapour is decompofed as foon as it

comes into contafl with the red iron, and the oxigene

which it contains becomes fixed in the metal ;
as ap-

pears from the increafe of its weight and the alteration

of its fubftance. The bafe of inflammable gas be-

ing fet at liberty, pafles quickly through the gun-bar-

rel, and is received into beU-glafles placed for that

purpofe at the oppoiite end. On a repetition of their

experiments, with all the precifion poffible, thofe phi-

lofophers difcovered, that water contains about fix parts

of the oxigenous principle with one of the bafe of in-

flammable gas
;
that of confequence this laft principle

conftitutes but a feventh part of the compound ;
that

it is thirteen times lighter than common air ; and

that it occupies, when at liberty, fifteen hundred

times the fpace which it filled in its aqueous combina-

tion.

Water appears to act in the fame manner on many
other combuftible bodies, which it reduces with more

or lefs facility to a burnt ftate, and to afford uniform-

ly a quantity of inflammable gas. It may be decom-

pofed with zinc, charcoal, or oils
;
with the laft of

thefe, by dropping the water into boiling oil in a re-

tort, the neck of which is immerfed under the glaftes

of a common pneumato-chemical machine. But great

caution is neceflary to prevent the explofion that takes

place when the water rifes in the vacuum produced in

the neck of the retort by the ebullition of the oil. To
determine certainly whether a combuftible body,

fuch as a metal, a coal, &c. be capable of de-

compoflng water, immerfe a piece of it red hot in-

to
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to a veffel of water, under a bell-glafs filled with
!

the fame fluid, and the inflammable gas, -which is

always difengaged whenever water is decompofed,

will be received into the glafs. This, namely, the de-

compofition of water, and the production of inflam- 1

mable gas, is the reafon why bubbles arife when red

iron is plunged into water, as has been obferved by

Meffrs Haffenfraft, Stouttz, and D’Hellancourt, of the

royal mineralogical fchool of France. A fimilar difen-

gagement of inflammable gas, the confequence of the

decompofition of water, takes place when a piece of fla-

ming charcoal is thrown into a quantity of that fluid.

Thefe are the newly difcovered facts concerning the

nature and competition of water. Meffrs Lavoifier and

Meufnier think, therefore, that this fluid is a com-
|

pound of about fix parts of the oxigenous principle I

and one of the bafe of inflammable gas, or, more accu-

rately, of 0.86 of the former body, and o. 14 of thelat- I

ter
;
that iron, charcoal, and oils, having a ftronger af-

|

finity with the oxigenous principle than it has with

the bafe of inflammable gas, enter into combination

with it, leave the combuftible elaflic fluid difengaged, l

and thus decompofe water; that this liquidmay be again

formed by burning inflammable gas with vital air; that i

when this procefs of combuftion is carefully perform-

ed, a quantity of water is obtained, which anfvverspre- ;

cifely in weight to the quantity of the two gafes, by 1

the combination of which it was produced
; that in

many chemical operations, -water is produced by this i

combination
;
and that, therefore, if fpirit of -wine and

oils be burnt under a chimney, proper for condenfing

their vapours, and fitted to the worm-pipe of a fill,

the other end of which is joined to a receiver, a quan-

t tity I
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Jtity of water is obtained alinoft always greater than

J that of the combuftible liquid which affords it; be-

tfcaufe the inflammable gas, difengaged from the li-

j
j

quid, combines with the pure part of the atmo-

fpheric air which is dccompofed during the combu-

|

ffion *.

Thefe difcoveries, and the theory founded upon

j
them, cannot but form one of the moft ill lift rions asras

in the hiftory of natural philolbphy. As it is of the

utmoft importance to confider all the conlequences of

which it admits with all poffible care, we fhall here

add a few obfervations, in order to convey more di-
n *

ftincf and accurate ideas of it.
\

We have mentioned, that all aeriform fluids owe

their gafeous ftate to the matter of fire or heat

combined with them. Inflammable gas depends on

the fame principle: For as the decompofition of wa-

ter and its change into inflammable gas always requires

an high temperature, and as the more violent the heat

applied the more rapid is the change
;

this gas, there-

fore, appears to acquire its amazing levity, and to af~

fume the aeriform ftate, in confequence of a confider-

able quantity of heat being abforbed by its aqueous

bafe
;
which is the reafon why it can never be obtain-

ed
p

* However ingenious andconclufive thefe experiments mayappear, plu-

lofophers are not yet unanimous irf confidering water as a compound body.

Dr Prieftley, in the 1 1 th article of the 1 It part of the 78th vol of thePhi-

lofoph. Tranf. R. S. Lond. gives an account of fome experiments con-

cerning the compofition of water
;
from which he is led to conclude, that

water is a Ample body, which enters into the compofition of all elaltic

fluids
; that in the combullion of inflammable gas with vital air, water is

only depofited, not produced
;
and that the calcination of iron by (team,

and its reduftion by inflammable air, &c. may be explained by the
tranfitions of water and phlogifton.
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ed but in a Hate of extreme fufion. It becomes, there-

fore, neceffary to beftow a particular name on this

bale of inflammable gas, which when combined with

the oxigenous principle, the bafe of vital air, is fufcep-

tible of a folid form, as in the inftance of ice. This

bafe being confidered as one of the effential principles

of water, mull be diftinguiflied by a name expreflive

of that property. We have adopted the word hydro-

gene
,

or hydrogenous principle, as answering the pur-

pofe. And we call water a compound of the oxi-

genous principle, or the bafe of vital air, and the

hydrogenous principle, or the bafe of inflammable

gas. And as there are many inflammable elaftic

fluids, fuch as alcohol, aether, volatile oils, &-c. when
reduced to elaftic fluidity; we diftinguifh this principle

of water in its aeriform ftate by the name of hydroge-

nous gas.

In a future chapter we fliall have occafion to re-

view this important fubjefl
;

in tjris place it is fuffi-

cient to have fhown, that water is not a Ample, but a

decompofable body. Nature in her grand operations

effects the feparation of principles with much greater

facility than art, and by many more ways than art

can ever difcover or adopt. It is in confequence of

its decompofition that water purifies the atmofphere,

by pouring into it ftreams of' vital air
; that it con-

tributes to the formation of faline matters, of the

principles of which pure air is always one ; and that

fuch a quantity of inflammable gas is often difengaged

from ftagnant waters, as fometimes to overload the at-

mofphere, and to produce igneous meteors, in confe-

quence of being kindled by the eleflric fluid in its

ffruggles to maintain its equilibrium. Laftlv, This

fine

\
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fine difcovery of the component principles of water,

its decompolition and recompofition illuftrates and

explains many of the phenomena of nature, par-

ticularly the renovation of the atmofphere, the folu-

tiop of metals, vegetation, fermentation, and putrefac-

tion; as fhall be lhovvn more at large in feveral fuc-

ceeding chapters of this work.



CHAP. VIII.

Of Earth in general.

V
| iHE philofophers of antiquity believed in the ex-

13 iftence of a Ample fnbftance, the principle of

hardnefs, gravity, drynefs, and fixity, and the bafe of

all folid bodies, to which they gave the name of earth.

This opinion, founded folely on abftract reafoning and

hypothefis, has long beepi taught in the fchools, and is

dill maintained by a number of philofophers. Para-

celfus gave the name of earth to all refidues obtained

by analyfis. But fucceeding chemifts following the

advice of Glauber, to examine refidues with as much
attention as produds, were foon convinced that thofe

were far from being pure earth
;
and the opinion of Pa-

racelfus was of confequence exploded. Boerhaave ha-

ving adopted the notion of Paracelfus under fome re-

ftridions, obferved, that after every analyfis, there re-

mained a dry, infipid, heavy, colourlefs matter
;
pof-

fefling in fhort all the properties of earth. But thefe

matters, when chemically examined, are found to dif-

fer fo confiderably from one another, that they cannot*

with
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with any propriety, be comprehended under one gene-

ral denomination.

Beecher, as has been already mentioned in our

account of Principles, admitted three different

kinds of earth
;

verifiable, inflammable, and mercu-

rial. Stahl confldered the firft of thefe as the only

genuine earth ; and Macquer follows Stahl in think-

ing vitrifiable earth the pureft and the moft elemen-

tary.

In order to determine what judgment we ought to

form on this matter, let us firft examine attentively the

properties which chemifts agree in aferibing to elemen-

tary earth. We find fix which have been confidered

as its diftinguifhing chara&eriftics
5
namely, gravity,

hardnefs, infipidity, fixity, infufibility, and inaltera-

bility. But all of thefe properties are found as well

in the earth which forms the bafe of rock-cryftal,

quartz, and vitrifiable Hones in general, as in clays.

If then a number of fubftances, confiderably different

from one another in many refpedts, be found to poffefs

in common all the diftin&ive properties attributed to

elementary earth, are we to confider them as fo many
fimple primary earths ? Or, fliall we rather adopt the

opinion of Stahl and Macquer, who, finding vitrifiable

earth to poffefs' in a more eminent degree all the pro-

perties of elementary earth, confider it as the only ge-

nuine primary earth, and the others merely as bodies

formed by it in combination with different principles ?

However plaufible this opinion, however refpedtable

its authors, we cannot agree to confider vitrifiable

earth as primary and elementary : 1. Becaufe this

earth is not found in equal purity, even in all the

Hones in which Stahl and Macquer have themfelves

admitted its exiftence ;
for inftance, let quartz, rock-

cryftal.
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cryftal, and flints, be examined and compared. 2. Be-

caufe all the difcriminating properties of earth are

found to belong to many fubftances which differ from

verifiable earths only in poffefflng thofe characteriftics

in a lefs eminent degree. 3. Becaufe vitrifiable earth

has not been hitherto fhown to be, as fome chemifts

think, the bafe of all folid matters, and of all the va-

rious kinds of earth.

We ought to adopt the following fentiments with

.-regard to this matter. We obferve many fubftances

in nature poffefflng the properties of earths
;
among

which it is impoflible to diftinguith which is the moft

Ample, as chemifts find them all to poffefs nearly the
1

fame degree of fimplicity : Befldes, though one of 1

thefe fhould be demonftrated to be more Ample than
j

the reft, it would be farther neceffary to fhow that it
j

enters into their compofltion, and conftitutes the prin-

ciple of their coherence and folidity. Wherefore,
j

without prefuming to determine what is properly ele-

mentary earth, we ought to admit the exiftence of va-

rious kinds of earth, and
.
to ftucly their properties, in j

order that we may recognife and diftinguiili them

,

whenever chemical analyfts. offers any of them to our

attention, combined or feparate.

Chemifts have long allowed the exiftence of feveral

kinds of earthy matters : but the earlier clafliflcations of

thefe matters are faulty, becaufe the properties affumed

as charadteriftics were neither fufficiently numerous nor

fuch as they were certainly known to poffefs. Such,

for inftance, is the diviflon of earths into mineral, ve-

getable, and animal : for though the Axed reAdues ob-

tained by a laft analyAs of organized matters, after lix-

iviating their allies, be generally deftitute of tafte or

fmell, dry and indiffoluble, yet thefe properties are not

fuflicient I
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fufficient to intitle them to a place among the earths,

as they polfefs neither inalterability, infulibility, nor

Simplicity. That fubftance which compofes the dry,

;
folid bafe of animal bones, and which, from its drynefs,

infipidity, and infolubility, had obtained the name of

earth, has been, within thefe few years, difcovered to

be a true faline matter; as we lliall Ihow at large in

the chemical hiftory of the animal kingdom. And we
may with great probability conjecture, that the inlipid,

infoluble parts, which remain after the laft analylis of

other animal matters, are of the fame nature. The
name metallic earths, given to the calces of metals

from their drynefs, and becaufe fome of them are de-

ftitute of fmell and incapable of folution, does not pro-

perly belong to them
;

for they are extremely fu-

lible, and are, every one of them, compounds, as lliall

be afterwards Ihown.

The mineralogilts who have treated of the hiftory

of earths, have formed a more regular and accurate

arrangement of them than chemifts, who have con-

fidered this fubjefl only in general, and fo far as it is

connected with the theory of chemiftry. Molt of the

modern philofophers who have attempted a claflifica-*

tion of thefe matters, have characterized them by their

chemical properties, and have by that means thrown

much new light on the natural hiftory of the mineral

kingdom. Wallerius, Cronftedt, and Monnet, have

given complete fyftems of mineralogy on this plan.

No chemift has made more numerous experiments on

earths and ftones than Pott, who has given a methodi-

cal arrangement of thofe bodies according to his own
obfervations. The continued labours of M. D’Arcet,

and the many analyfes of ftones made by Bergman
and Bayen, likewife merit the higheft praife. We
Vol. I. M mall
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fhall not attempt to exhibit and compare the feveral

claffifications of thefe philofophers : our prefent object

is not to give the natural hiftory of earthy matters, but

merely to give the refults of the various, refearches

which have been directed to this purpofe, with a view

to fhow how many kinds there are of earth confidered

chemically, and what are the characteriftic properties

of each kind.

Before proceeding farther, we muft obferve, that in

our opinion no diftiniftion fhould be made between

earths and Hones as to clailification
;

becaufe, when

we confider them chemically, their fubftance is the

fame, and only their aggregation different. Grit-ftone,

for inftance, is but fand agglomerated by the force of

aggregation ; and fand is nothing but grit-ftone, the

integrant parts of which are divided, and their aggre-

gation broken : the fame chemical properties are com-

mon to both.

Pott has divided earths and ftones into four clafles ;

the vitrifiable, the argillaceous, the calcareous, and the

gypfeous. From later difcoveries it appears, that the

fubftances hitherto known- by the name of calcareous

earths, are true neutral falts
: gypfeous ftones have

been likewife difcovered to be a kind of faline fubftance.

Only two, therefore, of Pott’s four clalfes of ftones

adtually belong to that divifion of natural bodies. Dr
Black, whofe name will long mark one of the moft il-

luftrious aeras in the annals of modern chemiftry, by

examining the bafe of Epfom fait, has difcovered it to

confift of a peculiar fubftance, to which he has given

the name of magnefia, and clafted it among the earths.

And his opinion has been unanimoully adopted by

chemifts. Bergman, in analyfmg ponderous lpar, has

difcovered a peculiar earth, to which he has given

the ><1
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the name of terra ponderofa
,

and which we call

\ barytes.

We think thefe two lad fubdances ought to be di-

dinguifhed from earths properly fo called, for raafons

to be mentioned in the following chapters.

Thus we acknowledge as true earths none but fuch

(

matters as are abfolutely infipid, infoluble and infufible;

and we diftinguifh, by a chemical examination, what

fubftances poffefs thefe properties. We admit only

two kinds of pure earth, equally fimple and equally

elementary.

The fird is that which conditutes the bafe of roclo

cryftal, quartz, grit-done, flints, and of almod all hard

fcintillating ftones. Its chemical character is to fuffer no

alteration even from the mod violent a&ion of fire, but

to retain its hardnefs, tranfparency, and all its other

properties, to whatever degree of heat it be expofed *.

It has been called vitrijiable earth
,
beeaufe it is the on-

ly fpecies of earth capable of forming, in combination

with alkalis, tranfparent glafs. But the name which

we prefer is fdice, derived from that of dliceous earth,

which has been likewife given it beeaufe it is condant-

ly found in filices.

The fecond kind of earth which we confider as

fimple and pure, is pure argillaceous or aluminous earth.

The following properties conliderably different from

thofe of the former fpecies, form its peculiar charatder.

However pure, it is almod always opaque
;

or if it en-

ter into any tranfparent dones, thofe are much infe-

rior in tranfparency to filiceoqs dones. It is always

difpofed in thin layers or laminae, one above another.

M 2 Ibis

* Some chemifts, however, talk of the fufion of rock*crv{tal as pof-

fible by the help of oxigenous gas.
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This difpofition correfponds to the cryftalline form
which the former fpecies conftantly affects. Though
it have no fkonger taile than filiceous earth, yet

it appears to act in fome manner on our organs
; for it

adheres to the tongue : which property naturalifts ex-

prefs by faying, that it flicks to the tongue. Its force of

aggregation is never fo ftrong as that of the former

earth
;

for which reafon argillaceous ftones are never

very hard, but may be broke by a blow with a ham-

mer, without being cut or ftruck till they give fire,

like fcintillating ftones. The aggregative force of

alutninous earth being fo weak, renders it much more

fufceptible of combination than the other kinds
; and

accordingly clays are much feldomer found pur-e than

either quartz or rock-cryltal. From this it may be

eafily inferred, why clays are almoft always coloured,

and why few of them poffefs all the properties of the

aluminous character in any eminent degree. Alumi-

nous earth fuffers an alteration from the adion of heat,

to which filiceous earth is not liable. Inftead of re-

maining, like the latter, unchanged when expofed to

an ardent heat, it acquires an addition of aggregative

force. It even affumes, in fuch circumftances, fome

of the properties of the filiceous, its hardnefs and aver-

fion to combination. Water ads on aluminous earth,

penetrates into its fubftance, adheres to it, and renders

it foft and dudile. The exiltence of this combination

appears from the difficulty with which the adhefion

between thefe two fubltances is overcome, a ftrong and

long continued heat being neceffary to effed a fepara-

tion between them. The properties which this fpecies

of earth poffeffes of compofing a pafte with water, and

becoming hard by the adion of fire, render it a very

valuable material in the arts. Laftly, another proper-

ty
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ty of aluminous earth, which diftinguifhes it from the

filiceous ffill more than any of the former, is its capa-

city of entering into combination with a vafl number

of other bodies. So fubjeft is aluminous earth to the

affinity of compofition, that we find it a principle in

many compounds : and for this reafon we have enu-

merated and defcribed its properties the more at large,

in order that it may be readily recognifed when ob-

tained in analyfes.

Th°fe are the two kinds of earthy matter which ap-

pear worthy of being confidered as diftindt daffies, and

likewife as elementary fubftances, fince they have not

hitherto been decompofed. We are not fufficiently

acquainted with their origin, their formation, and their

chemical properties, to pronounce, as fome chemifts

have ventured to do, that one of them is fimpler than

the other, and that the other is nothing but a modifi-

cation of it. We cannot think ourfelves as yet autho-

rifed to advance, that the earth of rock- Cry ftal, or fili-

ceous earth, is the bafe of the aluminous, to conflitute

•which it only needs to be attenuated, divided, and

wrought up in a particular manner
;

becaufe no che-

mift has hitherto accomplifhed fucli a tranfmutation.

The two earthy matters, of the properties of which

we have here taken a general view, are feldom found

pure. Rock-cryflal is the only body which affords fi-

liceous earth in this flate
;
doubtlefs becaufe it is ex-

ceffively hard, and poffieffes the force of aggregation in

an high degree. Even there, it is often coloured by
the addition of fome extraneous fubftance. In quartz

it is {till oftener altered by combination with fome co-

louring matters. But aluminous earth is flill feldomer

found pure. In fhort, almoft all the earths and fiones

which naturalifts have diftinguifhed by different names,

M 3 are
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are compounds of one or two fimple earths, or of faline

earthy fubhances, particularly of chalk and magneiia,

and fometimes of metallic matters, of which iron oc-

curs the molt frequently. To be convinced of this,

the reader needs only to call his eyes on M. Monnet’s

work, in which he has arranged hones according to

their conhituent parts. That chemill’s plan of ar-

rangement certainly merits no fmall praife
;
but while

it exhibits to view all the advantages which lithology

can derive from chemiftry, it at the fame time Ihows

how far we are from an accurate and certain claffifi-

cation of hones according to their chemical properties.

This fubject falls under our difcuhion in the following

chapters,

PART

/



PART SECOND.
fbe Mineral Kingdom : Mineralogy.

SECTION I.

Earths and Stones.

CHAP. I.

General View of Mineralogy : General Divifion of Mi-
nerals, and particular Divifion of Earths and Stones j

their various Character[flics.

ALL the bodies of the globe which we inhabit are

the objects of natural hiftory. So grand and

fublime is this fcience, when confidered with a view

to its general fcope ! fo exteniive, when traced through

all the minute details into \y.hich it enters ! Its ob-

fervation ranges from the meteorous phenomena of

the atmofphere to the changes which the matters de-

pofited in the ftrata of our earth undergo. All the

bodies fcattered over its furface, feas, lakes, rivers,

brooks, mountains, hills, valleys, plains, and caverns,

engage the attention of him who cultivates natural hf-

M 4 ftorv,
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ftory. The inanimate matter of the globe, and the

animals inhabiting it, are equally the fubjects of his

curious inquiry. The eye of genius may indeed com-

prehend the whole under one grand and extenfive

view : but humble fcrupulous obfervation confines it-

felf to minute detail
;
detaches the feveral parts of this

great whole
;
examines them apart from one another;

and thus divides the fcience into a number of feparate

branches. Many a man of invincible perfeverance,

has fpent his life in obferving and deferibing the man-

ners and operations of infedls
; and yet the fubject is

not exhaufted.

The ftudent might therefore be deterred from the

ftudy of natural hiftory as too arduous and difgufting a

talk 5
but thofe who have fuccefsfully profecuted the

fcience, have endeavoured to fmooth the difficulties of

the road to its attainment, by adopting means for ren-

dering it eafier of comprehenlion, and for affifting the

memory. Thefe are called methods. They confift in

arrangements of natural bodies, according to their

properties. The characleriftics on which fuch a claf-

fification is founded ought to be ilriking and inva-

riable.

One of the molt diftindt and important is a divifion

of all natural bodies into three great orders, which are

named kingdoms

;

the mineral, the vegetable, and the

animal. Though the two laft of thefe feem to poffefs

fome leading properties in common, yet the difference

between them in point of form and exterior organiza-

tion is fufficient to make us confider them as feparate

orders.

Minerals compofe the folid mafs of the globe, or at

lead its exterior cruft through which the efforts of

men have penetrated. Their bulk and dimenfions are

ift-
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increafed only by the juxta-pofition of their parts and

by their attractive force. They are liable to no change

or variation, but fuch as are occafioned by the mu-

tual chemical action of bodies. And for thefe rea-
1

Tons they are named rude, inorganized, inanimate bo-

dies.

Vegetables, again, increafe by the operation of an in-

terior power : they have organs to refme and convert

into nourifhment, the.juices which they derive from the

earth and the atmofphere. They fpring up, live, and

die; by a real generation, they propagate other bodies

like themfelves.

Laftly, Animals have organs more complex than

thole of vegetables
;
undergo more rapid changes

;
and

are, from their fuperior lenlibility and loco-motive

powers, much more fubjedt to the influence of fur-

rounding bodies.

The branch of natural hiltory which comprehends the

defcription of minerals, is named mineralogy. The firft

naturalifts who attempted claffification, arranged mine-

rals into a great many clafles. They admitted into

their arrangements, as fo many diftindt orders of mine-

rals, water, earth, fand, foft ftones, hard ftones, pre-

cious Hones, figured ftones, falts, fulphur, pyrites, mi-

nerals properly fo called, and metals, &-c. Concerning

the progrefs that mineralogy has made fince the days

of Henckel, one of the firft who wrote in a methodical

manner on this department of natural hiltory, till the

appearance of M. Daubenton, whofe claffification is a

mafterpiece of accuracy and preciiion, the reader may
confult the fyftems publifhed during that period

; of

which a colledtion has been made by M. Mongez ju-

nior *. He traces the fucceffive improvements which

the

* Manuel du Mineralogifte.—Paris, 1784.
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the fcience has received from the labours of Bromel,

Cramer, Henckel, Woltersdorff, Gellert, Cartheufer,

Jufti, Lehman, Wallerius, Linnaeus, Vogel, Scopoli,

Rome de Lille, Cronftedt, De Borne, Monnet, Berg-

man, Sage
;

concluding with thofe of M. Dauben-

ton, who has accomplifhed all that could be wifned.

To make ourfelves acquainted with minerals, the

firft thing to be done is, to dillinguifh them into fo

many claffes marked, each by fome leading and di-

ftindt properties. We fhall accordingly divide them

into three. Under the firft, we fhall arrange thofe ftones

and earths which are infipid, infoluble, and incombu-

ftible : under the fecond, faline matters, having a ftro'nger

or fainter tafte, foluble in water, but incombuftible

:

and, under the third, combuftible fubftances, info-

luble in water, and affording either a weaker or

ftronger flame when expofed to the contacft of fire,

and at the fame time not excluded from the accefs of

air.

Moft of that part of the mafs of our globe with which

we are acquainted confifts of earths and ftones, which

by their infipidity, infolubility, and incombuftibility,

are diftinguifhed from falts and inflammable bodies.

Being regularly arranged in ftrata or layers, they form

mountains, hills, and plains
;

in mountains, they are

difpoled either in huge lhapelefs maffes, or in inclined

horizontal layers
;

in plains, they are ranged in ho-

rizontal ftrata, and covered with a bed of vegetative

earth, produced by the accumulation of the remains of

organized bodies. Often, however, fuch large maffes

appear under a regular cryftalline form in fubterra-

neous cavities or clefts. Moft of them appear to have
been formed by the adlion of water

; and it is conti-

nually dividing, attenuating, and tranfporting them

from
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from one place to another, and caufing them to under-

go many other changes. The natural hiftory of thefe

bodies conftitutes geology and lithology ; the firft treat-

ing of earths, the fecond of ftones : But the two fhould

be united under one dais
;

for all earths, excepting

mould formed of the refidues of putrefied organized

fubftances, are nothing but ftones, the aggregation of

which is dellroyed ;
and ftones again are formed by

the union of earthy matters.

As there are a vaft number of different kinds of

earths and ftones, and a knowledge of them is highly

important in fcience as well as of great ufe in the arts

of life
;
philofophers have fought to diftinguifh them

from one another, and to give certain directions forre-

cognifing them wherever they occur. Ancient natu-

ralifts did not think of dividing them into diftindt claf-

fes by their peculiar properties
;
they were content

with deferibing their general qualities, and followed

the order of their real utility or fancied value. Few of

the ftones, therefore, mentioned by Pliny in his natu-

ral hiftory, can now be found. Modern naturalifts, ob-

ferving the inconveniences which attend this way of

deferibing ftones, have adopted a different method, in

order to eftablifh more obvious and lading diftinctions.

By obferving their exterior and fenfible properties, they

have arranged them into orders, genera, and fpecies

;

and have thus rendered the ftudy more eafy and ad-

vantageous.

Form, hardnefs, interior ftrudture, colour, and the

appearance they exhibit when broken, are the proper-

ties which have been affumed as charadteriftics of

earths and ftones. To thefe fome naturalifts have ad-

ded fome of their chemical properties, efpecially the

planner in which they are affedted by fire, and the al-

terations

1
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tcrations which they fuller from acids. Let us here ex-

amine each of thefe properties, in order to underftand

the application of the general principles of litho-

logy to the particular hiftory of each of the genera of

Hones.

§ I. Form confidered as a Characleriflic of Stones.

BY the form of Hones, we underftand the order and

relative arrangement of their furfaces. The eye, at

the very firft glance on a collection of ftones in a cabi-

net, perceives fome of them to be of a regular geome-

trical figure, and others irregular maffes
;
and obferves,

that regularity of form is in fome inftances accompa-

nied with tranfparency, in fome with opacity. Uni-

form obfervation has eftablifhed it as a certain fad:,

that fome fpecies of ftones always follow a particular

mode of cryftallization
;
while others never appear but

in irregular fragments. Several naturalifts are of opi-

nion, that all ftony matters poftefs the property of af-

fuming a cryftalline form
;

that fome indeed poftefs it

in an higher degree, and difplay it more invariably

than others, but that all have fome peculiar cryftalline

form, which appears in their minuteft particles,

Such is the opinion of M. Rome de Lille, who has gi-

ven a very copious and accurate hiftory of the various

cryftallizations of mineral fubftances *. That philo-

fopher arranges the forms in which ftones and all other

mineral bodies appear, under the three denominations

of

* Voyez fa Criflallographie, 2d edit. Paris 1783.
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'of determinate, indeterminate, and confufed crydalli-

zation
;
and (hows, that there is no mineral fubdanoe

but appears in one or other of thefe dates. But the

truth is, fo many of them affect the fecond mode of

crvdallization, and the third, which is irregular and
difficult to be diltinguifhed, that we cannot gain a fuf-

ficient knowledge of the cryftalline form of ftones, to

authorize us to affume this as one of their determinate

charafteridics. Yet a number ofmineralogids have form-

ed general fyftems of lithology and mineralogy on the

principle of the regularity of the form of ftones and

minerals. Linnaeus was the firft that adopted this plan

of claffification
;
and though he has not entirely ac-

complifhed what he propofed in introducing it, he at

lead dire&ed the attention of fucceeding naturalids

to this property of dones, and opened the way which

has led to all the difcoveries which have fince been

made on this fubjedt.

Such is the date of the prefent opinions concerning

the connection between crydailography and the dudy
of dones and minerals. It explains the formation, and.

fometimes the nature of thefe fubdances; and often

helps us to recognize and didinguifli them from one

another : but it is not adequate to form the bads of a

complete fydem of mineralogy
;

it is only one of the

ffieans to be employed in a claffification of minerals.

That eminent philofopher M. Rome de Lille, to whofe

labours we are indebted for fo much of our knowledge

concerning the peculiar forms of minerals, has not

founded his divifions of thefe bodies on their crydal-

lization alone : indead of making them form the great

principle of his claffification, he has only examined and

defcribed the forms of mineral fubdances, clafled ac-

cording as their nature is faline, dony, or metallic, and

ac-
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according to the various combinations into which they

enter.

§
II. Hardnefs conjidered as a Characlerijlic of

Stones.

^Here are a great many varieties of the aggregation

of the component particles of ftones, of which li-

thologifts have happily availed themfelves to diftin-

guifh them from one another. Some have fuch ftrength

of aggregation, and fuch a degree of hardnefs, that

they yield not even to the heft tempered Heel, fuch as

gems or precious ftones. Others yield, and may be

cut with inftruments, but not without difficulty, fuch

as quartz, flints, hard grit-ftone, porphyry, and gra-

nite. All of thefe ftones when ftruck fmartly againft a

fteel blade produce a great many fparks ; which pro-

perty has gained them the name of fcintillating or igne-

feentJlones. Thofe fparks are minute pieces broke off

from the fteel by its collifion with the ftones, and kind-

led by the heat which that collifion produces : that

heat is even fo intenfe, that the particles ftruck off

from the fteel are melted
;
and if they be collected on a

piece of white paper and viewed through a magnifier,

they will appear a parcel ofhalf-calcined, half-vitrified

fcoriae, like the drofs of forges. As the ftones which

aft in this manner on fteel are not all of the fame den-

lity, but vary from the hardnefs of gems and rock-

cryftal to the foftnefs of fand-ftones and vitrifiable

breccias recently formed, they muft afford a greater or

a
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a lefs quantity of fparks, according to their refpc&ive

degrees of hardnefs.

There are a great many other ftones, the aggregative

force of which is much lefs confiderable, and which

are fo foft that they may be eafily cut with heel inftru-

mcnts. Some of them, fuch as marble and alabafter,

are fufceptible of a fine uniform polifh. The reft, and

among thefe almoft all argillaceous ftones, admit only

of an imperfect polifh, and always retain a dull, grea-

fy appearance. We can at any time judge of the hard-

nefs of thofe which poflefs this property in fo mode-

rate a degree, and of the polifh of which they are fu-

fceptible, by wetting their furface. This Ample pro-

cefs communicates to them a momentary polifh, which

difappears in proportion as the moifture evaporates.

It is to be obferved, that many other ftones belides

the clafs of ignefeents produce a real fcintillation when

ftruck againft fteel
;
the reafon of which is, that fuch

ft’ones are mixtures, containing fome ignefeent parts.

Thus, fome kinds of marble, and many calcareous

breccias, fcintillate when ftruck againft fteel
;

be-

caufe they contain quartzofe or flinty particles, inter-

mixed with the calcareous matter of which they are

moftly compofed.

The gravity of ftones is neceflarily proportioned to

their denfity. Some naturalifts have confidered this

property as of great importance in a claffification of

ftony matters. M. de Buffon confiders fpecific gravity

as one of the beft means to enable us to diftinguilh

their particular character. But fuch nice and accurate

experiments are neceflary to determine the relative

gravities of ftones, that this property cannot very well

be aflumed as the bafis of a lithologic method; as plain-

nefs

5
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nefs and {implicit}' are highly requiiite in the elements

ef this branch of natural hiftory.

§ III. Of the Fracture,
Conjidered as a Characteriflic of

Stones.

A LL ftones when broken difplay a certain arrange-

ment of their integrant parts, an interior contex-

ture and difpofition of their particles : but this, fo far

from being uniformly the fame, is infinitely diverfified

through the various clafles of ftony fubfiances. To

this appearance which ftones prefent when broken, li-

thologifts have given the name offrahlure. By obfer-

ving it, we may learn fome particulars which will be

of ufe to help us to diftinguiih their peculiar charac-

ters. From a companion of fuch obfervations as have

been made on the interior ftructure of ftones, it ap-

pears that the feveral forts of fracture which they af-

ford may be reduced under certain heads. Some,

like glafs, give fmooth polifhed furfaces of a cur-

ved figure. This is denominated the vitreous frac-

ture

;

it appears very diftimftlyin rock-cry ftal, quartz,

&-c.

Others again difplay furfaces, which are uniformly

fmooth, but in their figure alternately convex and con-

cave. The pieces may be neatly re-united. This is

called the conchoidalfrahiure. The correfponding con-

vexity and concavity are of various forms and fizes,

wide, narrow, round, oblong, deep, fhallow, &c.

;

i as
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as in feveral kinds of flint* jafper, agate, and petro-

filex.

There is another kind of hones, which when bro-

ken exhibit on their new furfaces an aflemblage of
-

round projecting points, fimilar to grains of fand

worn by water : this is called the granulatedfra6luret

and is very obfervable in ,
fand- ftone. The fize and

other varieties of the granulation conftitute a number
of diftindtions among the ftones of this fpecies, ferving

to diverfifiy their charadters. It is of this fpecies we
fpeak when we fay fine or coarfe grained ftones*

Laftly, There are many ftones, the fradture of which

fhows them to confift of fmooth equal laminae, difpofed

one over another. Moft of tliofe are ftones which bear

the name of J'pars ; and this is therefore denominated

tbeJ'parry fradture. Thefe laminae differ from one ano-

ther in extent, magnitude, thicknefs, tranfparency, and

pofition with regard to the axis of the cryftallized

ftone; for all the brilliant ftones of this fradture exhi-

bit a real cryftallization. Such as are dark and with-

out luftre, are only faid to be lamellated, not fparry.

The difpofition of the laminae, fo much diverfified in

gems, and calcareous, vitreous, and ponderous fpars, is

what occaftons the brilliancy of talc, and the feveral

kinds of feldt-fpar, fuch as cat’s eye, the avanturine, the

labradore ftone, &-c.

Some writers on this fubjedt have arranged ftones

according to their fradture, confidered in conjundtion,

with their general form. In the year 1755, Cartheu-

fer publifhed a fyftem of mineralogy, in which he di-

ftinguiftied ftones into lamellated, fibrous, folid, and
granulated. But fradture alone is inefficient for the

principle of a claffiffcation of ftones; it muft be taken

Vol. I. N to-
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together with the other chara&erifiics which are exa-

mined in this chapter*.

§ IV. Colour confidered as a Charalder[flic of Stones.

Hones, is occafioned by the various combufiible or

metallic fubftances which enter into their compolition.

Sometimes the whole Hone is of the fame colour, and

fometimes variegated. The colouring part of Hones is

generally an accidental property of their nature
;

the

prefence of which is not abfolutely necefiary, and which

is liable to great varieties. There are indeed fome

kinds of Hones which are pretty uniformly coloured,

fuch as cryHallized gems, fchorls, and tourmalines;

and in thefe the colour may be afliimed as a charadte-

ridic. But as there are other fpecies, and more efpe-

cially varieties, of which it cannot be confidered as a

diHinguifliing property, lithologiHs therefore do not

refer to it as a principle of claflification.

Where colour may be confidered as a charadterifiic

property, we mufi difiinguifli between fuch Hones as

are all of one colour, and uniformly opaque, or uni-

formly tranfparent, and fuch as are variegated with

fpeclcs or veins
;
we mufi likewife take notice of the

number of the colours which appear in any mafs of

Hone
; as in marble, for inltance, there are fometimes

no fewer than fix or feven. According to the number

* Voyez L?Introduttion a la Sciagraphie de Bergman
,
par M. Mon•

gez le Jeune, page 21,

diverfity of colours which we obferve in

and

i
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and the difpofition of the colours in thofe bodies, they

are diftingui filed into ftones of one, two, three, or four

colours, variegated, fpotted, veined, pun&uated, cloud-

ed, flowered, figured, herborifed, &c.

§
V. Alteration produced by Fire

,
conjidered as a Cha-

racierijlic of Stones.

LA1\- ^AtCliUi dlilL lllUiC UUlti VdUiC ljuauuca U1 LLKJkl^Oj

have extended their inquiries to their chemical proper-

ties, with a view to afiume thefe as grounds of diftinc-

tion. The particular alteration which any (tone fuffers

from the action of fire, is confidered by many litholo-

gifts as an excellent mean for enabling us to afcertain

its peculiar nature. They have obferved, that fire de-

prives fome ftones, fuch as quartz, of their tranfparen-

cy and hardnefs, without changing their nature or al-

tering their eflential properties : others again, fuch as

rock-cryftal, have been found to lofe not even their

denfity and tranfparency when expofed to the adtion

of heat : and others have been found fufible and tranf-

mutable into glafs of various colours
;
of which kind are

fchorls, zeolites, afbeftos, amianthus, and granites

:

laftly, there are Hill many others, fuch as calcareous

ftones, which fire deprives of part of their weight,, de-

ftroying their confiftency, and rendering them foluble

in water, without melting them. Other experiments,

managed with more careful attention, have fhown, that

fome ftones lofe their colour by fire, and that to fome

it communicates a deeper (hade. Such in general is the

N 2
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refult of the experiments of Melds Pott, D’Arcet, and

tnany other chemifts.

To complete the natural hiflory of Hones, it is necef-

fary to take, notice of thefe alterations, and to mark

their differences. It appears in general, that fimple

Hones are liable to the leaf! alteration of their proper-

ties by fire
;
and that in proportion as a Hone is more

or lefs compound, it is more or lefs fubjedl to fuch an

alteration. But Hill the obfervation of thefe alterations

cannot be of much benefit to lithologifts, as the expe-

riments neceffary to difcover it are tedious and diffi-

cult
;
whereas the properties affumed as characderiHics

in a claffification of Hones, fliould be fuch as are obvious

to the eye, or at lead may be difcovered by a fimple

expeditious procefs.

Sometimes, indeed, when we cannot determine the

nature of a Hone by obferving its external properties,

we may have recourfe to the alteration which it differs

from the a<Hion of fire, by means of the blow-pipe, an

ingenious contrivance of Bergman’s. Yet notwith-

Handing the ingenious fimplicity of this invention, the

neceffary apparatus is fo incommodious, that it can

fcarce be rendered portable, fo as to be ufed in a litho-

logic excurfion, but mud remain confined to the labo-

ratory *.

§ VI.

* See Bergman on the blow-pipe, at the end of his Chemical Ef-

fays, tranflated into Englilh by Dr E. Cullen. London, 1784.

All the apparatus neceffary is a blow-pipe, a Ipiece of charcoal, a

fmall filver fpoon, and three fmall phials containing foda, fufible fait,

and borax
; and the procefs may be performed in any place where a

candle can be Iheltered from the wind. Complete apparatus for the

purpofe, in a box no larger than a book in twelves, are fold at a Mr
Brown’s, bookfeller, near the Strand, London.
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§ VI. The Action of Acids canjidered as a Charadlerifiic

of Stones.

ACIDS are the folvents oftened ufed in chemidry.

Though we have not yet treated of thefe falts, yet

we mud here fay a few words of the phenomena
which dones exhibit when brought into contad with

' them. The greater part fuffer no alteration from acid

falts
;
but fome difplay a very oblervable motion, and

an agitation fomewhat like a flight ebullition, if a drop

of the nitric acid be caufed to fall through aglafs-tube

on their furface. This phenomena bears the name of

ejfervefcencc. It is owing to an aeriform fubftance,

which being difengaged from the done by the adion of

the acid, rifes thro’ the acid in a number of fmall bub-

bles. That eladic fluid is itfelf a peculiar acid, difenga-

ged by the more adive acid poured on the done, and

is the produd of an adual decompofition. All calca-

reous dones exhibit this edervefcence when brought

into contad with acids : the nitric acid produces the

mod powerful effeds, and is mod commonly employed

on fuch occafions. The difengagement of an aeriform

acid is a proof that the matter from which it ilTues is a

faline combination : But as this combination is info-

luble, and without any difcernible tade, and as it

compofes mod of the exterior layers of the globe of

the earth, naturalids always confider it as a dony fub-

dance.

Stones may therefore be divided into effervefcent

and non-effervefcent. And a fmall phial full of nitric

N 3 acid



198 JSlion ofAcids, a CharaSleriJlic of Stones.

acid becomes of confequence a neceffary article in ex-

curlions to examine and colledt Hones. This, together

with the magnifier and the Heel, are all the inftruments

which the lithologift needs to carry with him on fuch

an expedition.

Since Bergman recommended the examination of

Hones by fire with the blow-pipe, they are alfo allayed

with foda, borax, and fufible fait, which act varioufly

upon them according to the differences of their na-

ture, blit generally produce fufion in fome degree, to-

gether with other phaenomena. We ihall explain this

method of analyfing Hones more particularly in the

chapter in which we treat of all the methods of effects

i'ng that analyfis.

C H A P.



CHAP. II.

The Lithologic Method of M. Daubenton
,
extracted

from his Tableau de Mineral ogie.

ONE of all the mineralogists who have attempted

a methodical arrangement of hones, has given a

more accurate or perfpicuous claffification than M.
Daubenton. The ingenuity with which this naturalist,

fo defervedly celebrated, has contrasted the character-

istics of thofe fubftances, renders his method more ac-

curate and ufeful than any before propofed. The
properties which he has affumed as characteristics are

all invariable and obvious. They are chiefly regula-

rity or irregularity of form; the various degrees of

tranfparency and opacity
;

consistency or hardnefs

;

the polish of which Stones are fufceptible ; the form or

refpeCtive arrangement of the integrant parts, which oc-

casions the vitreous, eonchoidal, granulated, lamellated,

and fpathofe fractures
;
colours, in thofe instances in

which they are not accidental
;
a duSky, brilliant, or

mildly lucid furface. As it would be impoSTible to im-

prove



200 Lethologic Method of M. Daubenton,

prove upon the perfpicuity and accuracy of M. Dau-

benton’s fyftem, all that we {hall here do, is, to lay

before our readers his divifion of earths and {tones, as

he has. exhibited it in his Tableau Methodique de Mir

neraux *.

* Tableau Methodique dej Altneraux, fuivant leurs differentes na-

tures , et avec des caracleres diflinttifs, apparent ou faciles a reconnoitre ;

par M. Daubenton, ifSc. Paris
, chez Demonville, Pierres, Delure, Di-

dot Vaine
, &c. in- 8. de 36 pages.

*

FIRST

r

/
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FIRST ORDER

of MINERALS.

SANDS, EARTHS, anp STONES *.

‘Thefe Subjlances melt not in Water
,

like Salts,

burn not like Combujlible Bodies
,

nor difplay the

i luftre of Metallic Matters

.

CLASS FIRST.

Stones 'which give Fire with Steel.

Genus I. Quartz.

Cryjlalline Subjlance, Fracture vitreous
, not lamellated.

Species I. Opaque, or femi-tranfparent Quartz.

!

*• greafy

2. grained

3. lafteoue

4. foliated

5. cryftallized

Species II.

* Here we give only part of M. Daubentori’s tabic ; but in the hi*

hory of falts and combuftible bodies, hisdivifion of thofe matters fhali

be introduced. As we follow that table fo faithfully as to copy even

the



C 2,02 J

Species II. Tranfparent Quartz, Rock Crystal,

Two pyramids offixJides, with or without a fix-fided

prifm between them.

1. cryftallized

2. rough

3. white

4. red. BOHEMIAN RUBY,

5. yellow. OCCIDENTAL
TOPAZ.

6. ruddy, or blackifh.

SMOKY TOPAZ.

7. green

8. blue. WATER SAPPHIRE.
9. violet. AMETHYST

10. iridefcent.

Species III.

the characters in which the feveral parts of it are printed, we fhall here

fubjoin the beginning of the author’s prefatory account of it.

“ Since the year 1779, this table has been exhibited in manufcript,

** in the Hall of the College Royal, during the courfe of my leftures,

* £ and many copies of it have been taken. I have made repeatedal*
*

“ terations, according as I received from others, or acquired by my
u own obfervation, new information refpeCting- mineralogy. I have

u even given up for a time my defign of exhibiting on my table the

tl refults of a chemical analyfis of the different minerals it contains, as

*« I had begun to do, becaufe there has not yet been a fufficient num-

** beranalyfed. My chief objeft in drawing out this table was to fa*

« cilitate the fludy of mineralogy. The beft means for diffufing the

*• knowledge of the fciences is to Amplify their elements; Methodical

®‘ arrangements contribute to that end. For though it be impoflible

•' to include all the properties of natural bodies, in any claflitication of

u them, yet fuch a claffification is ufeful, convenient, nay, even ne*

« ceffary.

Varieties.
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Species III. Quartz in agglutinated fragments, Grit-

ftone, or Siliceous Grit,
. i,

t
.... . i ,

.

;
. , . »/

granulatedfraElure.

1. hard grit-ftone

2. friable

3. Levant grit-ftone. Very fne

grain

Varieties. 4* filtering {tone. Porous

5. glittering

6. veined

7. difplaying figures of plant*

8. coarfe grained.

Species IV. Quartz in feparate grains, Sand,

vitreous furface.

Varieties.

1. angular

2. round

3. moving

4. fluid.

Species

ceffary. In the firft volume of my Leftures on Natural Hiftory,

now in the prefs, I (hall give a particular explanation of my table,

in which both the advantages and defefts of my arrangement of

minerals will be pointed out. Here I fhall only obfcrve, that mine-

rals are in this table diftributed into orders, clafles, fpecies, and va-

rieties. The diftindtive ehara&eriftics of each article are printed

in Italic charafters.

“ The names in Roman capitals are thofe which I think moll fuit-

able to the things which they are ufed to denote : Thofe in Italic

capitals are fynonymes
; the ufe of which i3 attended with inconve-

niences, and which are inferted only that the knowledge of the mat-
ters vyhich they denote may be the eafier acquired.
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Species V. Quartz in concrete Mattes.

Sandy and quartzofc Breccias, or Pudding Stone#.

Genus II. Semi-tranfparent Stones,

vitreousfirallure, fometimes conchoidal.

Species I. Agates,

of all colours, except milk white
, fine red, orange

,

and green .

1 . clouded

2. punftuated

3. fpotted

4. veined

5. onyx

6. irifed

7. prefenting the figures of

herbs

8. exhibiting the appearance of

mofs

Varieties.

Species II. Chalcedonies,

lalleous tranfiparency.
IT

Varieties.

r |l1

1. reddifii

2. blueifhj

3. veined

4. onyx

5. iridefcent. opals

6. round and folid. girasols

7. round and hollow. enhe-

drals

8. in ftalaftites

9. in fediment

10. hydrophanes

Species
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Species III. Carnelians,

9

beautiful red

.

i. pale

Varieties.

. t .* . > j .

!

i. paie

2. pun&uated

3- on yx

4. exhibing figures of

c. in (lala&itea

herbs

Species IV. Sardonyx,

orange colour

.

1 .

1. pale

Varieties.

f

i. paie

2. veined

3. onyx

4. prefeni

c. blackii

prefenting figures of herbs

5. blackilh

Species V. Flints,

gray
,
white

,
reddijh

,
blacki/h.

I

Varieties.
1

‘
)

C 2. 1

Species VI. The Prafeum,

green

1. with tubercles

in layers

Varieties. K
green

clouded

fpotted

Species VII. Jade,

greafy polijh.

r I. whitifh

Varieties. < 2. olive coloured

C x. green

3

Species
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Species VIII. Petrofilex,

tranfpcirency of wax,
conchoidalfracture.

Varieties.

i

1. white

2. reddifh

3. veined.

Genus III. Opaque Stones,

<;vitreousfradure, fometimes conchoidal or dujky.

Species I. Miln Stone,

more or lefs porous.

\ Varieties.
1. porous

2. denfe, or full

Species II. Pebbles,

concentric layers
,

Varieties.

1. fpotted

2. veined

3. onyx

4. oculiform

5. exhibiting figures of herbs

6. concreted into breccias, pud-

DING STONES-

s «. ; /

Species III. Jafper,

vitreous fradure, often dujky
y

without concentrii

layers.

Varieties.

1. green.

2. red

3. yellow

*

4. brown
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Varieties.

4. brown

5. violet

6. black

7. grey

8. white

9. clouded

xo. fpotted

11. veined

12. onyx

13. flowered

14. univerfal

15. fragments united in breccias

Genus IV. Scintillating Spar. Feld-Spath.

Species I. Feld-Spath, regularly cryftallized.

Varieties. .

1. in oblique (angled) prifms, of

four fides

2. in fix-fided prifms, with fu ra-

mus of two planes

3. in ten- Tided prifms, with fum-

mits of four facets

Species II. Feld-Spath in confufed cryftals.

Varieties.

r 1. white

2. pearl-grey, fish’s ete

3. red.

4. red, with brilliant fpangles.

NATURAL A 7ANTU&IKE

5. green

6. blue

7. violet

8. with green and blue ftripes.

LABRADORE STONE
9. with ftripes of various colours.

Cat’s ete

Genus
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Genas V. Cryftal Gems*

trcinfparent and lamellated
y

not eleclrifiable by heat

alone without friltion.

Species I. Red,
* l. Garnets

cryjlallized with 12, 24, or 36

facets. There aye alfo ycl-

Varieties. «j low, and brown, &c. gar-

|
nets

I 2. The balafs-ruby,

L rofe-colour, octahedral cryjlals

Species II. Red and orange,
* - — » - -

p 3. Spinell ruby,

j fire-coloured, cryjlallized like the

balafs-ruby

|
4. Vermilion,

Varieties. cryjlallized like the garnet

| 5. Hyacinthe-la-belle,

cryjlallized under 4 hexagonal

fides with fummits, having 4
rhomloidalfacets

Species III. Orange-coloured,

6. Hyacinths,

Variety. cryjlallized like the hyacintht-la-

belle

Species IV. Yellow,

'j. Oriental topaz,

cryjlallized in 2 pyramids of 6

facets

Varieties. ^ g, Saxon topaz,

cryjlallized in prifms of 8

fides, with fummits of 1

3

facets

Species
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Species V. Yellow and green.

9 . Peridot CHRYSOLITES,
Variety. cryflallized in prifms of 6jidts,

rwith pyramids of 6faces

Species VI. Green.

Variety.
10. Peruvian emerald,

cryflallized in 6 fided pr'tfms

Species VII. Green and blue.

•

Variety.

11. Aqua-marine,

cryflallized like the Saxon to-

paz.

Species VIII. Blue. I

Variety.

12. Oriental fapphire,

cryflallized like the oriental to-

paz

Species IX. Indigo.

Variety.

13. Indigo fapphire,

cryflallized like the oriental to-

paz and fapphire

Species X. Red and violet *.

»

f 14. Syrian garnet,

\ cryflallized like the garnet

Varieties. I 5 - Oriental ruby,

I cryflallized like the oriejital tc-

V. paz andfapphire

Vol. I. O Genus

* Gems formed without colouring matter arc white. Nets ofM,
Daubenton.
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Genas VI. Tourmalins, Cryflal Gems,

compofcd of lamince perpendicular to the axis of the cry-

Jlal, and electrifiable by heat alone without fric-

tion.

1. Brafilian ruby,

red in four-fided prifms, with

pyramids of4 facets

2 . Brafilian topaz,

yellow, cryfallized like the Bra-

flian ruby

Varieties.
^

Genus Vll. Tourmalins,

electrifiable by heat alone without friction
,

lamince not

perpendicular to the axis of the cryflal.

Varieties.

r 1. Tourmalins of Ceylon,

tranfparent, orange-coloured

,

.
very little channelled on the

furface

2. Spanilh tourmalins*

iranfparejjt in a firong light,

orange-coloured, very much

channelled

3. Tourmalins ofTyrol,

fifures traverfing the prifnt ,

1

4. Tourmalins of Madagafcar,

(

shorls of Madagascar,

opaque, black

5. Lenticular tourmalins

6. Peridots of Ceylon,

yellow and green, very much

channelled

7. Peridots of Brazil,

yellow and green, very much

channelled

8. Eme-
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Varieties.

8 . Brafilian emerald)

green

9. Brafilian fapphire,

blue *

Genus VIII. Shorls,

Hot eleclrifiable by heat withoutfriction, opaque cryjlals, or

long green femi-tranfparent needles.

Species!. Cryftallized Shorls.

Varieties.

1. in oblique prifms, with four

Tides

2. in fix-fided prifms

Pierre de croix

j 3. in fix-fided prifms, with firm-

mits of 2 facets, or pyramids

of 3 or 4 facets

4. in prifms of 8 Tides, with fum-

. mit 3 of 2 facets

Species II. In articulated fragments

.

- 1. fpathofe fchorl,

\ Jlriated nuiih [parryfripes

Varieties. 2. in maffes. Schorl paste

I brilliant points in the frac-

V. ture

Genus IX. Azure Stone,

opaque and blue.

Varieties. ^ 1. purplifh blue

[ 2. blue

O 2 CLASS
* All thefe tourmalins, excepting the lenticular, are cryftallized in

tune- fided prifms, with fummits of three or fix facets. Note ofM.
Daubenton,
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CLASS SECOND.

Earths and Stones ’which neither give Fire with Steel,

nor effervefce with Acids<

Genus I. Clays,

when riwijl they are duElile ; when dry they are polic-

ed by aJlight rubbing with the finger.

Species I. Clays abfolutely infufible.

r i. ufed to make pots for the gkfs-

Varieties. -) houfe

£ 2. for tobacco pipes

Species II. Clays partly fufible.

)

C i. for porcelain

Varieties. < 2. for Englifh pottery.

C 3. for ftone-warc

Species III. Clays entirely fufible.

(

r x. for common pottery

2. for d elf-ware

Varieties. < 3 * for Dutch tiles

1 4. for tiles

1 5. for bricks

Genus
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Genus II. Shi ft us,

argillaceous andfoliatedfracture.

p
i. black flone

|

2. common fhiftus

3. writing {late

Varieties. ^ 4. policing {tones

I S' green {lone

| 6 . hone

L 7. fragments united in breccias

Genus III. Talc,

polijhed gliflering lamina, without fpathofe fracture.
*

Species I. Talc in large leaves.

Variety Mufcovy talc

Species II. In fmall leaves.

Variety. Mica

Genus IV. Steatites,

feel greafy ,
like tallow.

Species I. Steatites in layers.

Variet’es 5 1. fine French chalk (de Briangon)

2. coarfe Frenchchalk (de Brian^ort)

Species II. Compact Steatites.

1

Varieties. $
U foap

f
ock (PIerrc de lard)

£ 3. Spanifo chalk

Species III. Lapis Ollaris.

Varieties.
C 1. Como (tone

C 2. foliated lapis ollaris

0 3

I

Genus
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Genus V. Serpentines,

the poli/h and colours of marble*

Species I. Opaque Terpentines.

Varieties. $ i. fpotted

C 2. veined

Species II. Semi-tranfparent Serpentines.
> x

vr • • C r. granulated
Varieties. -<

°

C 2. fibrous.

Genus VI. Amianthus,

filaments not calcinable, leaves or flakes lighter than

water.

Species I. Amianthus with Toft fibres.
/

. . C i . with long fibres
Varieties. -i , . .

6

( 2. with lhort fibres

Species II. Amianthus with hard (brittle) fibres.

Varieties 5
"

I ' -A fbe£l°s,^eafily divifible into parts (mur)

C 2. Afbeftos, not eafily divifible into parts (non mur)

Species III. Amianthus in flakes or leaves;

17 . . C i. fofiil leather
Varieties. < _

C 2. folul cork

Genus VII. Zeolite,

cryfiallized in divergent radii, or tranfmutable into,

a gelly by folution in acids
.
;.

Species I. Cryfiallized Zeolite.

Species
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Species II. Compact Zeolite.

Varieties.

1. white.

2. blue

3 - red

Genus VIII. Fluor Spar,

fragments with triangular faces,
all inclined to

each other.

Species I. Fluor Spar in cryftals.

Varieties.

1. odtahsedrons

2. cuneiform odtahaedrons

3. with 14 faces

4. cubical

Species II. Fluor Spar in irregular Maflbs.

Genus IX. Ponderous Spar,

in rhomboidalfragments, the lateralfaces perpendi-

cular to the hafes.

Species I. Cryitalliz,ed Ponderous Spar.

1. in rhomboidal plates

2. in odtahaedrons with acute fum-

mits

_ 3. in o&ahaedrons with obtufe fum-

mits
I

Varieties. <1 4 - *n hexagonal plates with acute

fummits

5. in hexagonal plates with obtufe

fummits

6. in tables

7 * in cock’s combs (or lenticular)

. 0 4 Species
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Species II. Ponderous Spar cryftallized confuledly

BOLOGNA STONE.

Genus X. Ponderous Stone. TUNGSTEN
,

refembling Fluor Spar in the form of itsfragments,

but much heavier j it becomes yellow in acids.

CLASS THIRD.

farths and Stones which effervefce with Acids

Genus I. Calcareous Earths.

Effervefcence with Acids.

Species I. Compact.

Variety. Chalk.

Species

* Though modern chemifts confider thefe fubftances as neutral

falts, formed by- the union of chalk with the carbonic acid, we fub-

join them here after the earthy matters, in order to give a connected

view of M. Daubenton’s method. Naturalifts, who employ in their

arrangements none but exterior and ftriking chara&eriftics, mult con-

fider thefe fubftances as genuine earths : but in the hiflory of falfnc

matters, they will be viewed in a different light.
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Species II. Spongy.

Variety. Stone-marrow,

Species III. In powder.

Variety. Foflil Flour.

Species IV. Confiftency ofcream.

Variety. Lac luntc.

Species V, Figured.

Variety. Congealed.

Genus II. Calcareous Hones,

indifferent colour and polijh.

Species I. Coarfe grained.

Specimen.
Limeftone from Arcueil.

ecies II. Fine grained.

Specimen.
The Thunderftone.

Genus III. Marbles.

Granulatedfrallure, fine colours and poli/h.

species I. Marbles of fix colours*

Varieties*

i



Species II.

Species III,

Species IV.

Species V.

i ns ] .

I

White, grey, green, yellow, red,

Varieties.
and black.

Specimen.
Marble from Wirtemberg.

Marbles of two colours.

15 in number, formed by the com-
bination of 6 colours, 2 together.

Varieties. Specimen.
white and grey.

Marble of Carrara.

Marbles of three colours.

Varieties.

C 20 in number, formed by the com-
1 bination of 6 colours,

3 together.

1
Specimen.

grey, yellow, and black.

Lumachello.

Marbles of four colours.

Varieties.

15 in number, formed by the com-
bination of 6 colours, 4 together

Specimen.
white, grey, yellow, and red.

Brocatello from Spain.

Marbles of five colours.

6 in number, formed by the combi-
nations of 6 colours, 5 together.

Varieties. Specimen.
white, grey, yellow, red, and black.

Breccias of Old Caftile.

Genus
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Genus IV. Calcareous Spar.

Regularform, fpathofe fracture.

Species I. Cryftallized calcareous fpar.

Varieties.

r. obtufe vhomboidal figure.

Iceland, Spar.

2. lenticular rhomboidal figure

3. lenticular rhomboidal figure, with

6 triangular faces

4. acute rhomboidal figure

5. with 1 2 pentagonal faces

6. with 3 triangular faces.

7. fix-fidcd'prifm

8 fix rhomboidal fides, with 6 faces

lozenge-wife

9 with 12 fcalene triangular faces

10 with 12 faces of 4 or 5 fides, and

6 quadrilateral facets

11 with 6 hexagonal faces, and 1 z

facets of four fides.

Species II. Striated calcareous fpar.

Varieties.
1. with parallel ftrise

2. with divergent ftria:

Genus V. Concretions.

Succeffive coats.

Species I. Stalactite Concretions.

{

1. in columns,

2. tabular

3. rcfembling alabafter

5 Species.
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Species II. Concretions by incruftation.

Species III. Concretions by fediment.

,
Varieties. S’

u horizontal fediment?

C 2. by rounded fediments

CLASS FOURTH.
Mixed Earths and Stones.

Mixed earths.
r \

»

Genus I. Sand and clay.

Species. Sand for founders.

Variety. Sand from Fontenai-aux-rofes.

Genus II. Sand and calcareous earth.

Genus HI. Clay and calcareous earth.

Species. Marie.

f I. marie, Armenian bole

z. marie, terra figillata

3. done for taking fpots out of cloth,

(pierre a detacher)

4. fuller’s earth

Vatieties.
<J 5. porcelain earth

6. pipe clay

7. potter’s clay (tcrre a faiance)

8. white marie

9. foliated inarle

10. marie for manure •

Mixed
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MixedJlones,

OF TWO GENERA.

!

.
Quartz and fcintillating fpar - -

Quartz and fchorl

Quartz and deatites ------

Quartz and mica -------

Tranfparent quartz and mica -

Quartz in grit and gem done -

Grankin.

Granitello.

Quartzofe fteatites.

Micaceous quartz.

Micaceous cryftal.

{

x. Garnet on grit-

ftone.

2. Garnet in grit-

ftone.

Quarts in grit and mica - - - - Micaceous grit.

Quartz in grit and calcareous C i cryftallized grit,

matter C 2 grh ftala&ites.

. • r j i n. C fandyand filiceousbrec-
Quartz in land and opaque (tone

j

Quarts in &nd and fchiftus
£ HORNSTONE. TRAP.

Quartz in fand and zeolite fcintillating zeolite.
I *

Scintillating fpar and fchorl pade ophites.

Semi-tranfparent done, with o- c jafperated agate, or

paque done c agatized jafper.

V

Schorl
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Schorl and mica $ micaceous fpathofe

<1 fchorl.

Schiftus and mica -

Schiftus and matble

Serpentine and marble

micaceous fchidus

Florence done.

1. green Egyptian marble*

2. fea green marble.

3. green antique marble.

4. green marble of Suza.

5 green marble of Varalta.

* *

Ponderous fpar and calcareous 7 „ .. , ,r
y alkaline ponderous ipar.

matter 3

OF THREE GENERA.

Quartz in fand, fchiftus and mica rough wheat-done.

Quartz, gem, and mica - - - - garnet rock.

Qpartzofe pafte, fcintillating fpar 7 porphyryi

in fmall fragments, and fchorl 3

Quartzofe pafte, fcintillating fpar 7 ferpentine. hardfir-

in large fragments, and fchorl 5 pentine.

Quartz, fchorl, and fteatites - - - tuberculous rock.

Quartz, fcintillating fpar, and

fchorl
granite.

OF FOUR GENERA.

Quartz, fcintillating fpar, fchorl, 7

and mica s
granite.
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Consisting of more or fewer

t

lln ;rerfal brtcc;M.

GENERA, UNITED IN BRECCIAS 5

DOUBLE BRECCIAS.

Varieties.

r i. Fragments of porphyry, and pafte

J of porphyry.

f
2. Fragments of granite, and fchorl

L pafte.

VOLCANIC PRODUCTS*.

Genus I. Lavas, or Matters formed by Volcanoes;

volcanic Matters...

Species /. Porous Scoriae.
*

t. in irregular mafles

2. in ftriped mafles

3. in the form of ftala&ites

4. in fragments, lapillo

5. in fmall fragments.

POUZ'ZOLANA.

6. in dull.

VOLCANIC CINDERS.

Species

Varieties.

I

I

I

l

* M. Daubenton places volcanic produ&s at the end of minerals,

without ranking them under any of the four orders of which his me-
thod coniifts. As their hiftory 13 ufually ftudied along with that of

ftones, I have annexed them here.
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Species II. Bafaltes,

compaB and fcintillating ,
blackijl) cinerousfracture,

idc. with brilliant points
, without /mail plates,

like thofe of the fcintillating fchiftus.

1 . in irregular mafTes

2. in balls

3. in tables

4. in prifms of 3, 4, 5. 6, 7, 8,

or 9 Tides

5. in articulated prifms

" i. in feparate fibres,

GLASS GALL.

2. in agglutinated fibres,

PUMICE STONE.

I 3. in compact mafies.

]
VOLCANIC SCORIA.

*- LAPIS OBSIDIANUS'

Genus II. Volcanizecl Matters ; that is to fay, mat-

ters altered by the heat of volcanoes, appearing to have

been baked,
calcined,

melted, or vitrified.

1

Species I. Granite.

II. Garnet.

III. Hyacinth.

IV. Mica.

V. Peridot.

VI. Quartz.

VII. Schorl.

VIII. Scintillating fpar.

IX. Calcareous Subftancesi

X. Baked Earths, Tripoli.

4

Varieties.

Species III. Glafs.

Varieties.

STONES
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STONES, with the Nature of which we are not yet fuf-

ficiently acquainted to reduce them under certain

Clajfes.

Jargon of Ceylon,

cryjlals in rectangular prifms, with pyramids of

4 triangularfaces.

The name of Jargon appears to be given to many
ftones, the particular ftrudure of which is hitherto un-

known.

Macles,

in fquare or cylindrical prifms,
the iranfverfe fec-

tion of which exhibits a blue crofs.

The made has been confidered as a fchorl
; but the

I opinion has not been proved.

White Cryftals,

in flattened prifms with io fides, with two fum-

mits of four faces, one of which forms a con-

cave, the other a convex angle.

Violet or green Cryftals,

rhomboidal, with two facets in/lead of two oppojite

angles.

Thefe white, violet, and green cryftals, have ob-

tained the name of Schorls, although they do not ap-

pear to be of the fame nature with fchorls.

Vol. I P CHAP.



CHAP. III.

Of the Clarification of Earths and Stones according

to their chemical Properties .

THOSE chemifts who have engaged in Che fludy

of minerals, have endeavoured to eflablifh di-

ftinftions among them founded on their chemical pro-

perties. And though a fufficient number of earths and

Hones has not yet been examined, to enable us to form

very accurate or complete arrangements of them on

thefe principles
;
yet it is certainly an object of im-

portance to the fludent of mineralogy to know the

prefent Hate of chemical fcience refpe&ing thefe fub-

Hances, and what advantage the mineralogist can de-

rive from it in arranging them.

Of all t{ie philofophers who, fince Cronliedt, have

attempted to arrange earths and Hones by their che-

mical properties, Bucquet, Bergman, and Kirwan, have

been the moH fuccefsful, and have given the moH com-

plete fyHems. As each of thefe gentlemen has follow-

ed a peculiar mode of arrangement, and as each ot

their methods polfeifes fome undeniable advantages,
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we fhall here lay before our readers fucceflive views

of the three fyftems, and fhall at the fame time point

out their jCeveral defeats.

§ I. Of the Chemical Divifion of Earths and Stones

propofed by Bucquet.

J^UCQUET, after many laborious refearches with a

view to this object, at length formed, a little be-

fore his death, a fyftem of earths and Hones, on the

compound principle of their chemical properties and

their exterior charadteriHics, as obferved by naturaliHs,

which he had refolved to follow in his future courfes

of lectures. In repeated conversations with him du-

ring the lingering illnefs which ended in his death, I

obtained a full account of that method
;

which wras

communicated to the public in the firft edition of this

work. I fhall now again give it as it then appeared,

only adding a few notes, to take notice of the improve-

ments which this branch of the fcience has received

fince the year 1779.

According to Bucquet, earths and Hones fhould be

arranged under three divifions : the firH comprehend-

ing fimple earths and Hones
;
the feconcT, compound

earths and Hones
;

and the third, mixtures of earth

and Hone.

Simple earths and Hones, in a Hate of purity, are

infipid, dry, hard, infoluble, and infufible. Whenever
any of them appear to poflefs thefe properties in a lefs

P 2, perfedt
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perfedt degree, more efpecially when any of them ap-

pear fufceptible of fufion, they are to be confidered as

not pure, but alloyed by the mixture of fome extrane-

ous matter. Such as are pure, admit not of decom-

polition by chemifcal analyfis
;
but the number of pure

ftones is much more fcanty than Bucquet thought it.

Compound earths and ftones are to be regarded as .

combinations of the fimple earths with faline or metal-

lic fubftances. Thefe combinations have been effect-

ed by the operation of fire or water in the great labo-

ratory of nature. Their chemical charadteriitics are,

to melt eafily, to fuffer vitrification from the action of

fire, and to be feparable into feveral fimple fubftances

by the adtion of folvents, more efpecially by the adtion

of acids.

Mixed earths and ftones are eafily diftinguifhed by

infpedtion. They feem to be formed by the irregular :

aggregation of feveral earths and ftones, both fimple

and compound. To analyfe them, the feveral differ-

ent matters of the irregular aggregate mull be divided

and examined each by itfelf. Their peculiar natures

may be then certainly determined by chemical expe-

riments.

•
j- * ' - - - • ... - I

DIVISION I.

Simple Earths and Stones.

These are divided into four orders.

Order I. Vitreous Stones.
-

'

i

These are extremely hard, and perfedtly trans-

parent
j of a vitreous fradture

;
give fire with fteel

;

and
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and fuffer no alteration in tranfparency or hardnefs

from the adtion of heat.

This.firft order contains two genera ;
rock cryftal

and vitreous precious Hones.

Rock-crystal exhibits all the properties of vitreous

hones in the moft eminent degree. Its fradture, which

is limilar to that of glafs, diftinguifhes it from the fol-

lowing genus.

It may be fubdivided into fpecies.

1. Infulated hexahaedral cryllals, with two hexa-

haedral pyramids. The Abbe Rochon has

obferved, that thefe produce a double re-

fraction.

2 . Hexahaedral cryllals, united in groups, with

one or two points.

3. Tetrahaedral, duodecahaedral, flattened, &c.

cryllals. Thofe of ’which the facets are va-

ried and irregular are always hexahaedral.

4. Rock-cryftal in mafles, from Madagafcar. It:

produces only a Angle refradtion.

2. By the Property of Colour.

5. Reddifli rock-cryftal.

6. Smoky cryllals*

7. Black cryllals.

8. Yellow cryllals.

9. Blue cryllals.

IQ. Green cryllals.

Genus I. Rock-Cryjlal.

I. By the Property of Form.
Species.

3 - fy
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3. By accidental Circunfiances.

Species.

11. Hollow rock-cryftal.

12. Containing water.

13. One cry dal inclofed within anoth er (emboites-).

' 14. Rounded
;
pebbles from the Rhine.

15. Incrufled with metallic calces.

16. In gseodes.

17. Containing amianthus.

1 8 . Containing fch o rJ

.

19. Incrufted with pyrites.

Their formation by water is provedy

1. By their tranfparency.

2. ' By the form of linall cry dais.,

3. By the inclofure of one cryftal in another.

4. By their ineloling fubftances alterable by fire.

They are cut and polifhed into vafes and toys.

Genus II. Vitreous Precious Stones,

The precious Hones which we rank under this ge-

nus, have all the properties which charaderize rock-

cryftal, and more efpecially its inalterability by fire.

Though this may feem an inverfion of the natural

order, and Bergman informs us, that he found thefe

{tones to be compofitions of feveral different matters

;

yet in their hardnefs, their tranfparency, and the man-

ner in which they are affeded by fire, they differ but 1

little from rock-cryftal
j
but they are inferior in hard-

nefs, their colour is not fo clear and lively, and their

fradure is lamellated. The differences among previ-

ous {tones, particularly with regard to the manner in •:

, which :
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I

which they are affected by fire, induced Bucquet to

feparate them, and to arrange them among thofe of the

orders of (tones to which they have the neareff refem-

biance.

The four precious (tones which we diffinguiffi by

.the denomination of vitreous, are,

Species.

1. The oriental topaz.

2. The hyacinth.

3. The oriental fapphire.

4. The ame.thyft.

M. Daubenton has always conffdered this lad as a

quartz cryftal.

Order II. Quartzose Stones.

These are not fo hard or tranfparent as the former ;

their fracture is vitreous ;
and they give fire with (teel.

Heat deprives them of hardnefs and tranfparency, and*

reduces them to a white opaque earth *, Under this

order we arrange four genera.

Genus I. S^iart*.

It poffefiefc all the above charadtcriffics.

P 4 Species.

* It was on^account of their being liable to alteration by fire, that

Bucquet diftinguilhed quartz from rock-cryftal, and arranged them
under a particular genus. He likewife obferved, that this (lone dip-

ped in water, after being for feveral times fuccefiively heated red hot,

communicated to that fluid a degree of acidity. Future experiments

will determine the certainty of this fatt. A,
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Species.

I. Tranfparent quartz,, cryftallized in hexagonal

pyramids
;

its prifms either not obfervable,

or at lead very fhort.

2 . Tranfparent quartz in mafles.

Opaque or la&eous quartz.

Greafy quartz.

Carious quartz.

6. Green, blue, or violet quartz
;
prifm of ame-

thyft.

Yellow quartz, of a lamellated fradlure.

Saxon.

3

4

5

Topaz
^ Brafilian,

Thefe topazes poflefs all the charatteri (lies of quartz.

Genus II. Flint, Agate.

Flints and agates are fmall roqnd mafles, general-

ly opaque, fometimes femi-tranfparent, either hollow

or folid, of various colours, and difpofed in ftrata ;—

.

in chalk, as is the cafe- with flints ;
or in clay, as a-

gates. Their fra&ure is fometimes fealy.

Species.

1. Grey flint.

2. Yellow flint.
1

3. Red flint.

4. Corneous flint ; gun-flint.

5. Brown Egyptian flint.

6. Tranfparent clouded flint ; German agate.

7. Red agate
;
male cornelian.

8. Pale red agate
;
female cornelian.

3. Brown or yellow agate • fardonyx.

10. Agate



according to their Chemical Properties. 233

Species,

10. Agate-onyx, in concentric laminae.

11. Laminated agate, in horizontal layers; but

the appearance of the laminae, and their dif-

pofition with regard to the figure of the ftone,

depends in a great meafure on the manner

in wrhich it is cut.

r Dendrites
;
herborized agates *.

12. Figured J Anthropomorphites.

agates,
j

Zoomorphites.

L Uranomorphites.

13. Agate, apparently mouldy; marked with final!

green points, generally owing to modes.

14. Agate of four colours ; elementary.

15. Grey agate
;
grey chalcedony.

16. White, ladteous,

or chalcedony-

agate.

17 White agate,

with a mild re-

flection of the

light.

in layers,

in ftalaciites.

round, cacholong.

Lapidaries agate, mild

luftre.

Cat’s eye.

<1 Oculus mundi, or hydro-

phanes.

Opal.

Girafol.

18. Brown agate, wdth brilliant gold-coloured

points. Avanturine.

19. Oriental agate.

20. Agate containing water (Enhydre).

The formation of quartz, agates, and flints, is owing

to water, as is proved,

I. By
* M. Daubenton has fhown, in a memoir read to tlic Academy, that

herborized ftones contain very fine mofies, or fmall grains of black iro».

*r?- A.
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X. By their form.

2. By their layers.

3. By their mofl.es.

4. By their containing water.

5. By the organized matters mixed with therh,

as in the mofly or mouldy agates.

This alfo appears from the circumflances and pro-

perties of the gaeodes. Thefe are (tone boxes, filled

with cryftals : they contain filex and quartz arranged

in concentric layers.

Genus III. Organic Matters converted into Silex, or

Agate,

These are diftinguifhed from the other genera of

this order, by pofleifing the characteriftic proper-

ties of quartzofe ftones under an organic form *.

Species.

1. Wood petrified, but ftill fibrous, and fufcep-

tibie of polifh.

2. Wood, the texture of which indicates its par-

ticular kind. Fir.

3. Sea-urchens and madrepores converted into

filex.

4. Shells converted into agate.

5. Carpolites: thefe have been miftaken for pe-

trified

* It would perhaps be a much more natural mode of divifion, to

arrange under a diftinft clafs, all fuch animal and vegetable fubflan-

ces as have fullered alteration from lying under ground. The name of

that clafs might be fulfils, and it might be placed at the end of the or-

ganic kingdoms.

•1

xJ *
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Species.

trifled fruits ; they are properly fmall Indus

belmontii fcilicified.

6. Entrochites.

7. Lapis frumentarius filiceus.

r

J'liis lad done gives fire with 11 eel, but does not

effervefce with, acids. It feems to be form-

ed by an aflerablage of cornua ammonis di-

vided perpendicularly to their volutes.

There are two opinions concerning petrifadion.

Some think that organized bodies are entirely tranC*

milted into done: others are of opinion, that the void

fpaces formed by animal fubdances in foft earths, and

the interdices in the fibrous texture of vegetables, are

gradually filled up by an accumulation of earthy mat-

ter. But we can pretend to no certain knowledge of

the caufe of this phenomenon. Vegetable matters are

obferved to become almqd always quartzofe, and fcarce

ever calcareous ;
while animal lubdances, on the con-

trary, become generally calcareous, and feldom quart-

zofe *. From this fact we may almod conclude, that

no real petrifaction takes place, and that organized bo-

dies are not converted into done : For, j. Shell-fidi

and madrepores only lofe their mucilage or animal

gluten, by putrefaction, and are reduced to calcareous

fkeletons, which exided during the life of the animals:

2. What is faid to be petrified wood, is nothing more

than an accumulation of verifiable earth in moulds

formed

* Since the difeovery of the fluoric acid gas, which poflcfTes the

property of depofiting quartzofe earth, fome naturalifts have conjec-

tured, that petrifa&ion may be produced in a fimilar manner. But
this is to be regarded as mere eonje&ure, till fucli time as it be
flmwn that there exifts in the intenor parts of the earth an acid which
maintains <pmtzofe earth in a Hale of folution.
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formed by putrefied vegetables. As the fibres of

the vegetable body are gradually deftroyed by putre-

faction, a quantity of quartzofe earth is depofited

by the water in the fpace which they occupied : a quart-

zofe ftone is thus formed of the very figure and texture

of the vegetable body, but not a particle of that fub-

ftance enters into its compofition.

Genus IV, Jafper.

Jasper pofleffes all the charaCteriltics of quavtzofe

ftones. It is infufible, but lofes its aggregation by fire :

it is extremely hard, opaque, and variegated with di-

vers colours; its frafture is dulky and vitreous. It is

not often found arranged in beds
;

it generally compo-

fes confiderable mafles or veins in rocks : It is alfo

found in fmall round lumps. Moft fpecimens of jafper

that we have feen are mixtures of quartz and chalce^-

dony. It fometimes contains calcareous fpar.

Naturalifts have divided jafper into a great many
fpecies. Thefe may be reduced to the following.

Species.

1. White jafper.

2. Grey.

3.. Yellow.

4. Red.

5. Brown.

6. Green.

7. Veined.

8. Spotted.

9. Green, with red points: bloody jafper.

IQ. Flowered,

Jafper
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Jafper is ufed for making toys, particularly cups and

feals. There are many antique engravings on ftones

of this kind.

Genus V. Grit, or Free-/lone.

I

Grit-stone is opaque, of a granulated fra&ure, mucli

fofter than quartz or flint; it is found in large mafles,

of various degrees of hardnefs, and fometimes finer,

fometimes coarfer, grained.

Species.

1. Grit cryftallized in rhombi. M. de LalTonc

has fhown that thefe owe their form to the

chalk incorporated with them *.

2. Grit in the form of cauliflowers,

3. In ftalagmites.

4. White.

5. Grey.
. .

6. Red.

7. Black, or brown.

8. Veined.

9. Figured, or herborifed.

10. Grit, of which the aggregation is deftroyed j

fand.

Sand appears under the following varieties :

Varieties.

1. Quick-fand.

2. Angular fand.

3. Sand rounded by the a&ion of water.

4. Pure

* Memoirs of the Academy of Sciences for the year 1777.
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Varieties.

4. Pure white fand.

5. Micaceous fand
;

glarea.

6. Yellowilh, argillaceous
; founder’s fand.

7. Ferruginous fand
;
yellow.

8. black.

9. Blue fand
;
from copper.

10. Violet fand
;
from tin.

11. Auriferous fand.

Order III. Argillaceous Earths and Stones.

These are greafy
;
clammy, or pliant; Hick to the

tongue; foliated ; frequently coloured; and difpofed

in large mafies, and in layers.

Their force of aggregation is lefs than that of

quartzofe hones
;
but they have a greater tendency to

combination, and are therefore often altered. Heat

contracts and hardens them, l'o as to give them the ap-

pearance of quartzofe hones, and caufe them to give

fire with heel as well as thofe. Water reduces them to

a pahe, divides, and purifies them
;
they abforb wa-

ter, and retain it with fuch force of combination, that

they cannot be again totally deprived of it.

4 Part of the fubhance of thefe hones combines with

acids. Some chemihs have taken clay to be nothing

but filiceous earth altered by the vitriolic acid; but

that opinion has not yet been fully proved.

Many naturalihs have entertained an opinion, that

vitrifiable earths, after being long expofed to the agen-

cy of water, air, and heat, are feparated and reduced

into fine foft particles, capable of combination with

water, and thuspafs into the hate of clay. This theory

being founded on fome accurate obfervations, merits

more
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more refpedt than the former : But the evidence of nei-

ther amounts to demonftratibn.

Thefe two properties of mixing with water fo as to

compofe a ductile palle, and again becoming hard by

the adion of fire, render clay fit for being wrought

into tiles, bricks, pottery, delft-ware, and porcelain

:

and an account of thefe makes a part of the hiftory 0f

this kind of earths.

Naturalifts have defcribed a great many kinds of

ftones as belonging to this order
;
but they have con-

founded among them many falfe clays and compound

ftones ;
fuch are, of the laft, Terpentine, zeolite, trapp,

Sec.

The name of clay propferly belongs to none but fuch

earths as are hardened by fire, are diluted in water,

and combine with the fulphuric acid to form alum.

Macquer having examined a great many of them,

found none abfolntely pure *. Many of them owe
their colour and fufibility to their being mixtures of

various combuftible and metallic fubftances..

Bucquet divided them into four genera.

i

Genus I. Soft Duttile Clays.

These, when dug from the bed or quarry, may be

kneaded ;
but they become dry in the open air.

Species.

1. White clay; pipe clay.

2. Sandy clay,

3. Clammy blackifh clay ;
for white pottery.

4. Clay, with a mixture of mica, kaolin
;
partlv

fufible; for porcelain.

Me-

* Academy of Sciences, ,1758. ..
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Species.

5. Metallic clay, fulible ; terra figillata
; Arme-

nian bole.

6. Pyritous clay
;

fulible; blue, green, marbled

ufed in common pottery.

Genus II. Dry, Friable Clays ; Clay of Tripoli.

\

Ali. thofe clays which Bucquet ranked among the

tripolis, are dry in the interior parts of the earth. They
are all found in beds or layers, often very thin, and ar-

ranged one above another. All of them crumble

down into dull under the linger, and abforb water rea-

dily ; they likewife Hick to the tongue.
* * ^

.

Species.

I. Dry, grey, foliated clay
;

fullers earth.

. 2. Red tripoli. Some people take this to be a

volcanic produdt.

3. Grey tripoli.

4. Black tripoli.

5. Rotten Hones of an olive grey colour.

Genus III. Schijlus .

1
'

•
'

,

*• '
.

‘

Schisti are foliated Hones which fplit readily into

plates : they are a mixed fufible fubllance ;
they are

placed in huge mafles in the bowels of the earth, and

always in an oblique diredlion. AlmoH all quarries of

fchifli exhibit on their exterior furface and in the up-

perrnoH layers impreflions of plants of the rufli and

fern kinds, &.c. of Ihells, fifties, or infedls, &c.
' I

j- Specie.
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Species.

1. Black fchiftus, tender; ampelite.

2. Fifiile fchiftus
;
Hate.

3. Black, hard fchiftus; writing Hate.

4. Red, brown fchiftus,' &-Q.

5. Schiftus marked with impreffions of vegetable

or animal bodies.

6. Very hard fchiftus* ufed for w’hetting razors,

t I

Genus IV. Feldt-Spar.

It exifts in the form of rhomboidal plates; its frac-

ture is fpathofe, and it gives fire with fteel : It is for

this reafon called fcintillating fpar. Though harder

than the fchifti, it is fufible. Bucquet thought it to

be an argillaceous ftone, coloured by a mixture of iron.

M. Monnet confiders it as a compound of quartz, clay,

magnefia, and a fmall portion of calcareous earth. Its

being but little known is the caufe of this diverfity of

opinions concerning its nature. A more accurate exa-

mination muft determine its true character*. -

*

Vol. I. Species.

* Father Pini, an Italian naturalifl, was the firft who deferibed

eryftallized feldt'-fpar. Since his difeovery, it has been found in many
places in France. Very regular feldt- fpar crydals are found at Roanne
en Forez. I have given a minute defeription of that which is found
in the Alen?on granites, and is one of the moft regular and beautiful

with which I am acquainted, in my Mcmoiris de Cbimie, A.
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Species.

1. Prifmatlc feldt-fpar

2. White feldt-fpar.

3. Red feldt-fpar.

4. Green feldt-fpar.

5. Blue feldt-fpar.

Order IV. False Clays.

These referable clays only by having a foliated tex -

ture, and greafy appearance
;
feme of them indeed

harden by tire.

They differ from clay, as not being fit for compe-

ting a pafle with water, and as being moil of them

fufible in fire. They combine with the vitriolic acid

to compofe a fait in the form of needles, which fuffers-

no alteration from air, but is foluble in four or five

parts of water, and does not fvvell in fire
;
in a word, is

not alum. Rucquet, who had examined a great many
of thofe ftones, gave thefe as their charadteriflics : but

as they are very little known, they may flill be ranked

near the clays f.

Genus
•

f M. Daubenton ranks this among the fcintillating ftones. It isdi-

ftinguifhed by three eharafteriftics from every other fpecies of ftones

;

its texture is fpathofe; it yields a mild or chatoyant luftre ; and it gives-

fire with Heel. With thefe eharafteriftics, this genus muft contain

more fpecies than Buequet aferibed to it. M. Daubenton included

under it the fifhe’s eye, the avanturine, and the labradore ftone. A.
* The Abbe Mongez, in his Introduftion to Bergman’s Sciagraphy,

obferves, that thefe ftones might be with more propriety named mag-

nefian Jiones. I ftiould willingly agree to ufe that name
;
but 1 be-

lieve a number of experiments are neceflary before we can receive it as

expreffive of their nature. A.
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Genus I. Lapides Oilares, hard.

Their texture can fearce be called foliated
;
their ap-

pearance is greafy
;
and they are fufceptible but of an

indifferent polifh.

Species.

1. Grey, Swedifh lapis ollaris.

2. Greenilb lapis ollaris; Swedifh colubrine.

3. fellowiih lapis ollaris; Ghiilefe foap-ftone.

4. Bright green lapis ollaris
;

jade. Bucqitet

thought the nephritic andOtaheiteah Hones to

be varieties of the jade. The jade is very

hard, and gives fire with Heel. Bucquet

appears to have followed Pott in placing it

among the lapides ollafes.

5. Dirty green lapis ollaris
;
colubrine.

o. Serpentine. A flone of a deep green, or ra-

ther blackifh colour, with black fpots or

veins, iike a ferpent’s fkin. On account

of its appearance, we have placed it at the

end of the lapides ollares
;

it feems to be a

compound.
0

*
*

' *
1

Genus II. Soft Lapides Ollares j Steatites, or Smec-

tites.

These are more of tlie nature of foap than the fore-

going genus. They may be.eafily cut; they frothe

with water, and fome of them have externally a fill-

king refemblance to foap.

QL 2 Species;
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Species.

1. White, compact fteatites; BrianSon chalk.

2. Bright BrianSon chalk
;
the druggifts Venice-

talc.

3. White, Norwegian fteatites.

4. Red marbled Norwegian fteatites.

5. Reddifh Norwegian fteatites.

6. Green compact fteatites from Norway.

7. Green and red fteatites from Norway.

8. Green, foliated
; foft colubrine of Norway.

9. Black fteatites
;
ufed by ftone-cutters.

10. Sparkling grey fteatites
;
plumbago, molybde-

na, and very improperly black lead. Plum-

bago being reduce&kto powder, and wrought

into a pafte with a mixture of ifinglafs, is

inclofed in fmall cylinders, which are cut to

a point at one end, and ufed as pencils or

crayons *.

Genus

* Since the death of Bucquet and the fil'd edition of this work,

Meffrs Scheele, Grahn, and Hielm, have very fuccefsfully inveftigattd

the nature of plumbago : they have found it to be a kind of fulphur,

formed by the combination of the carbonic acid with phlogifton.

We (hall give its hiltory after that of fulphur. The fame chemifts,

more efpecially M. Scheele, have a very proper diftindlion between

plumbago and molybdena, which former naturalills had always con-

founded together. M. Scheele confiders molybdena as a compound of

fulphur with a certain acid, to which he gives the name of the molyb-

denic. (See the hijlory offulphur.) It is plumbago which is ufed for

pencils. F.

In England, the plumbago ufed for pencils is not ground to powder

and mixed with ifinglafs
; but cut into long (lender pieces and inclo-

fed in wood. Thofe defcribed by the author are an inferior kind.
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Genus III. Talc.

It confifts of poliilied glittering plates, difpofed one

over another, and of a gelatinous tranfparency. Thefe

laminae or plates are fometimes cryftallized in an hex-

agonal form, or in fedlions of fix-fided prifms. * A
Itrong fire melts it into coloured glafs.

Species.

1. Talc in large tranfparent plates; Mufcovy

glafs.

2. Talc in very fmall filvered fpangles.

3. Talc in very fmall golden lpangles. Thefe two

kinds are ufecVto dry writing, under the

name ofgold or Jilver powder.

4. Talc worn into the form of pebbles,

5. Talc in black fpangles.

6 . Talc in mixed brilliant fpangles.

Genus IV. Amianthus
,

AJbejlos.

\ ,

The ftones of this genus confift of fibres or threads

difpofed parallel to one another, or interwoven like the

texture of a web. Thofe threads are fometimes ftiff,

fometimes flexible
;
and they differ from one another

in colour, length, and thicknefs. The ancients fpun

them, and made of them a kind of cloth, to which

they gave the name of incomhujlible linen
,

in which

they burnt the bodies of the dead, in order to preferve

their allies, &c.

. Amianthus melts, in a ftrong fire, into an opaque
coloured glafs.

0.3 Species.
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Species.

1. Hard grey albedos, with parallel threads
;

lig-

neous albedos.

2. Hard green albedos, with parallel threads.

3. Hard green albedos
;

its threads in bundles.

4. Albedos, with diverging fibres.

5. Hard albedos, with foft fibres.

' 6. Hard amianthus, with parallel greenidi fibre?.

7. Hard amianthus, with parallel white fibres.

8. Amianthus in bright white bundles.

9. Amianthus in hard yellowifli bundles.

10. White flexible amianthus.

11. Grey amianthus.

12. Mountain flefh.

13. Mountain leather.

*4. Mountain cork.

DIVISION IT.

*Compound Earths and Stones.

These cannot be diftinguilhed by ocular obfervation

from thofe of the former diviiion. As to the nature of

their pompofition, they are formed of an homogeneous

matter, almod always coloured, generally opaque, but

fometimes tranfparent; mod of them are regularly cry-

ftallized. They are diftinguiflied into genera by form

and colour. They are all very fufible, and afford glad

of various kinds. Their fradture is fometimes vitreous,

fometimes fealy. In thefe fubdances nature has com-

bined together earths, falts, and metals.

Buc-
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Bucquet divided thefe Hones into two orders : Un-

der the firft lie comprehended earths and Hones com-

pounded with water, which he charadlerifed as pro-

ducts of that element. This order again he divided

into two genera, namely, ochres and zeolite. Under

the fecond order he reckoned fchorl, macles, trap, a-

zure Hone, fufible precious Hones, volcanic cryfials*

volcanic glais, and pumice Hones -

: thefe eight kinds of

Hone he confidered as formed by the adtion of fire. We
.have undertaken to give an account of the ideas of that

celebrated chemiff -concerning the nature and claffifica-

tion of Hones; but as the diHindiion between thefe

two orders is not efiablifhed by a fufficient number of

conclufi.ve fadts, and as M. Bucquet himfelf offered

them only as hints, we fiiall here give the hi (lory

of thefe genera fucceffively* without dividing them into

-orders.

Genus I. Ochres.
\

Ochres are lefs eafily diluted in water than -clays

;

they are friable and foil the fingers
;

they are co-

loured by metallic matters, generally by iron. When
expofed to a Hrong fire, they aflume a deeper co-

lour : violent heat melts them. They are ufed in paint-

ing.

Species.

1. Yellow ochre.

2. Red ochre, blood coloured.

3. Green ochre
;
Verona earth.

4. Brown ochre
;
Umber earth,.

Genus
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Genus II. Zeolite.

The zeolite, firft defcribed by Cronfledt, is a (tone

compofed of needles diverging from a common centre.

It neither gives fire with fteel nor effervefces with a-

cids : When expofed to fire it fwells and produces a

white opaque glafs refembling enamel. By diftilling

it in a retort, a confiderable quantity of water is ob-

tained. The refidue, according to Bergman, confifls of

liliceous, aluminous, and calcareous earth. Bucquet,

who analyfed it, mentioned his having found in it very

little liliceous earth, and a particular kind, neither alu-

minous nor calcareous
;
which with the fulphuric acid

afforded a fait cry Rallized in fmall finning plates, refem-

bling the boracic acid, and to which he thought pro-

per to give the name of zeolitous earth. Thefe two

earths are cryflallized together by the help of water,

which forms more than an eighth part of the compofi-

tion : for, from an ounce of white zeolite, from the

ifland of Ferro, M. Bucquet obtained a dram and an

half of water *. The property of compofing a jelly

with various acids is not peculiar to it
;
azure ftone,

tin, and feveral iron ores, &c. are capable of a fimilar

compofition f . Its origin and formation are unknown;

abundance of it is found among the produdts of volca-

noes.

* Voyez les Memoires de Savans etrangers, Tome IX. p. 576.

f M. Pelletier, apothecary, a fcholar of M. d’Arcet, has given in

the Journal de Phyfque (1782, vol. XX. page 420.) a memoir on the

analyfis of the zeolite of Ferro. He has found, by the moll accurate

experiments, that 100 grains of this ftone contain 20 grains of alumi-

nous, 8 grains of calcareous, and 50 of filiceous earth, and 22 grains

of watgr. Confult that memoir, F.
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noes. There is great plenty of it in the lfle of Ferro.

We are acquainted with five kinds of it.

#
%

Species.

1. White zeolite,' in tranfparent fafees.

2. White zeolite, in compact fafees.

3. Red zeolite.

4. Green zeolite.

5. Blue zeolite.

Neither the red, the green, nor the blue, has yet

i been examined.

Genus III. Schorls.

Schorl is a dark-coloured done, generally violet,

black, or green, very feldom white, fufficiently brittle,

and capable of giving fire with Heel. It melts eafily

into a black opaque glafs : it is, according to Bucquet,

a combination of iron and aluminous earth. Bubbles

have been found in the interior part of fchorls, fimilar

to thofe in the flags of glafs- houfes.

Its origin is not very well known. Some people

think it a volcanic product, becaufe it is often found in

places which have felt the ravages of fire
;
but it is like-

wife found among matters which have been long ex-

pofed to the action of water.

Species.

1. Violet fchorl, in cryflals.

2. Violet fchorl, in fibrous mafies.

3. Black fchorl, in prifms of 4, 6, 8, or 9 fides,

with pyramids of 2, 3, or 4 faces, like the

violet fchorl.

Spe-
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#
Species.

4. Black fchorl, in mattes.

5. Green fchorl, in lamellated mattes.

6. White fchorl, fomewhat blueifh.

7. Electric fchorl, of a yellowilh red, tourmaline.

Genus IV. Macles.

Under this name we comprehend a genus of Hones,

of" a prifmalic form, opaque, dirty-coloured, and gene-

rally of a regular figure. By analyzing them M. Buc-

quet found them to be of a nature nearly refembling

that of fchorls, namely, a compound of iron and alumi-

nous earth.

Species.

1. Tetrahaedral made, the feftion of which exhi-

bits the figure of the crofs. It is found in a

kind of hard deep blue fchiftus of Brittany,

to which it adheres ftrongly : it is very brittle,

and when broken, exhibits on its tranfverle

fe&ion two blueifii lines, cutting each other

in the form of a crofs. Sometimes the middle

of the prifm appears to be full of a matter re-

fembling that of the gangue.

2. Stones of the crofs
;
hexahaedral prifms, articu-

lated and crofied in the middle like the arms

of a crofs; thefe are found in the leaves of

yellow mica
;
the two arms never crofs each

other at right, angles.

Genus
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Genus V. Trap.

Trap is an hard (lone, fine grained, of a foliated

fradture, and angular, like the deps of a ladder. Its

colour is a deep green, approaching to black, often in-

clining to the colour of ochre
;

it is very ponderous,

and gives fire with fteel. It melts into a blackifh glafs,

and is always covered with a kind of cruft fofter than

itfelf. It is a compound of aluminous earth and iron :

According to Bucquet, iron exifts in it, in the propor-

tion of twenty- five pounds to the quintal, fo that it

might be confidered as an iron ore. M. Daubenton

thinks it a fchiftus containing quartz in fand. There is

only one kind of trap known,—that which we have

defcribed.

Genus VI. Azure Stone ; Lapis Lazuli.

This done is claffed along with the preceding ge-

nera, on account of its colour, the finenefs of its grain,

and the quantity of iron which, from an analyfis, it ap-

pears to contain.

Species.

1 . Oriental azure done.

2. Azure done, of a pale blue, and often pur-

plifh.

3. Armenian done, clouded with white and pale

blue.

The azure blue ufed in painting, which is one of
the mod fixed and permanent colours known, is a pre-
paration of this done.

Genus
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Genus VII. Fufible Cryjlal Gems.

M. Bucquet, in confequence of obferving the dif-

ferences of the various kinds of gems, or precious

Rones, as to chemical properties, was induced to ar-

range them feparately under thofe divifions and orders

to which they feemed moll properly to belong. Thofe

which we are going to introduce in this place are evi-

dently compounds. Bergman found them to confifi .of

various fubflances, fuch as filiceous and aluminous

earth, lime, and iron
;
all of them are fufible and com-

pofed of laminae. Their frafture is lamellated.

Species.

i. Aqua-marina.

i. Emerald.

3. Chryfolite.

4. Ruby.

5. Vermilion, or Bohemian garnet.

6. Garnet.

Genus VIII. Volcanic Cryjlals.

Under this genus Bucquet comprehended all fuch

Rones as are of a regular form, tranfparent, coloured,

and fimilar to cryflal gems, but pofiefs not the hardnefs

or brilliancy of thefe laft. They are found in cavities

lined with fmall fparkling particles of the fame nature,

agglutinated together. They are met with in the

neighbourhood of volcanoes. We admit three fpecies

of them.

Species.
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Species.

1. Volcanic chryfolite
;
polyhaedral cryftals of a

golden green.

2. Volcanic hyacinth, polyhaedral cryftals of an

orange yellow.

3. Volcanic garnets. Thefe ftrongly refemble

lingle garnets
;
but they are irregular, and,

as well as the two foregoing fpecies, fcattered

among brilliant lavas.

Genus IX. Pumice-Stones.
1

Most pumice-ftones appear to be a colledlion of vi-

treous threads wound up together, nearly like yarn on

a clue. The pumice-ftone is really a combination of

various fubftances which have been reduced to fulion

by the volcanic heat.

Pumice-ftones may be divided into four fpecies
;
each

of which has many varieties.

Species.

1. White fibrous pumice-ftone.

2. Coloured fibrous pumice-ftone.

3. Light cellular pumice-ftone.

4 Compadt cellular pumice-ftone.

Genus X. Volcanic Glafs.

The glafs melted and difcharged by volcanoes is a

mixture of earthy and faline matters, coloured witTi

iron
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iron or Tome other metallic fubfiance. It is acluallv i

natural chemical combination efiecled in the dry wav;

Species. '

1. Greeriifh cellular glafs.

2. Blackifh cellular glafs, or in agglutinated

threads.

3. Black glafs, very fine and tranfparent
;

Ice-

land agate
;

lapis oblldianus of the ancients.

DIVISION it I;

Mixed Earths and Stones.

The characlerifiics of the Hones of this divifion arfe

eafily difiinguifhed. We can difeover, merely by in-

fpedion, of what different matters they confifl
;
and

the more readily if we compare them with the Hones

of the two foregoing diviiions. We formerly obfer-

ved, that, in order to analize them, it is firH neceflary

to divide the various fubHances with an hammer
;

af-

ter this operation is performed, they are found to con-

fid of linvple united with compound Hones. If thefe

mixed Hones be expofed unbroken to the aftion of fire*

they will melt with more or lefs facility into a party-

coloured glafs, the nature and colours of which will be

according to thofe of the matters of which it is coin-

pofed.

Thefe Hones appear to have been formed by the

union of the feveral fubHances of w’hich they confifi,

dfltfe&ed either by fire or water. On account of this cir-

cumfiance, Bucquet fubdivided this third divifion into

4 Two

1
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*

two orders, as well as the foregoing. His firh order

comprehends mixed hones formed by water : the fe~

cond, fuch as owe their compofition to fire. As this

fubdivifion is authorifed by many more facts than that

of the fecond divifion, we Ihall follow it with more
\

confidence.

Order. I. Earths arid Stones Mixed by Water.

Genus I. Petro-Jilex, or Rock-Stone.

By this name naturalifts denote a ftone of an inter-

mediate hardnefs between foft hones and filex. M.
Daubenton ranks it among the vitreous hones, becaufe

it fcintillates with heel, and its fra&ure is vitreous,

though fometimes rather fcaly. Petro-filex has a kind

of faint or half tranfparency like wax. It is dulky and

dehitute of brilliancy, and has even fomewhat of the

appearance of tallow
;

it is fine grained and very com-
pact

;
it is found in large mahes : it fometimes difplays

layers varioufly fhaded, difpofed one over another. The
chemical characterihic by which M. Bucquet dihin-

guihied it, was its difpofition to melt by fire into an

opaque glafs. It is far from being fo eafily difcoverable

to be a mixture as the following genera
; it feems to

pohefs the charadterihics of compound hones *
j
and

for

* I mud here obferve, that thefe chara&eriftics of ftones, derived

from the manner in which they are affedled by fire, are founded on

experiments made by M. Bucquet, in conjunftion with the Duke de

Rochefoucault, in an excellent furnace for fufion, conftrufted on pur-

pofe_ in the laboratory in which that illuftrioua cultivator of che-

miftry
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for this reafon we rank it at the head of the third

divifion : it forms a kind of intermediate ftep be-

tween this and the foregoing.

The form of its layers, the matters which they oft-

en contain, and ftill more the mafles in which it is ac-

cumulated in the bowels of the earth, Ihow plainly that

it owes its origin to water.

Species.

1. Grey petro-filex.

2. Reddifft.

3. Greenifh.

4. Brown.

5. Black.

6. Spotted.

7. Veined.

Genus II. Pudding-Stone.

Pudding-stone is a mixture cf flints united by a

cement of a different nature. That cement is either

gritty or argillaceous, or ochreousj fometimes it is

hard, and refembles filex.

Its formation is by no means equivocal
; it is owing

to water. Thefe ftones are always found either on the

fea-Ihore, or in places which have been once covered

with water, and afterwards left dry.

Species.

tniflry profecutes fo many refearches for the improvement of the

fcience. I have re-examined molt of the refults of thofe experiments,

which it is to be hoped will be one day communicated to the public:

they will confirm the fine feries of experiments made by M. D’Arcet;

and will add to them a number of fafts, ferving to fupport Bucquet’s

arrangement of itones.

6
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Species.

1. Sandy pudding- (tone,

2. Ochreous.

3. Argillaceous.

4. Siliceous.

5. Agatified
;

fufceptible of the fined; poliflio

Genus III. Granite.

Granite is formed by the union of fmaller or larger

fragments of three different ftony matters. Thefe are

quartz, felt-fpar, and mica.

On account of the quartz and feldt-fpar which it

contains, it gives fire with fteel : its fradlure is irregu-

lar and coarfe-grained : it is fufible, but in various de-

grees, according as the three component matters are

proportioned in the compofition. It is fufceptible of a

finer or an inferior polifli according to the finenefs of

its grain and the hardnefs of its principles. Some fpe-

cies of it fuffer alteration, and wafte away by the adtioii

of the external air. This laft phasnomenon enables us

to diftinguifh ancient from modern granite. It has

been fubdivided into many fpecies : But we fhall re-

duce them all to the following *.

Vol. I. R Species*

* The natural hiftory of granites has been much ftudied by modem
l naturalifts. M. Saufiure, in his Voyage des Alpes ,

has communicated

a number of new arid important fafts ori this head. Granites are not

invariably formed of a mixture of thofe three Hones. Some of them,

inftead of mica, contain fchorl ;
others contain both fchorl and mica

at the fame time. A mixture of quartz and feldt-fpar, without a

third fubftance, confl,itutes.£r<7»/7/«<?
;
quartz and fchorl compofe gra-

nitello.
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I

White granite.

Grey.

Red.

Brown.

Green.

Black.

Dirty and friable granite, having fuffered al-

teration by the action of fire.

Genus IV. Porphyry.

\

Porphyry is a Hone fpeclded with fpots on a ground

of red, or fome other colour. It produces abundance

of fparks when (truck with fteel.

It differs from granite in being harder and fufcep-

tible of a much brighter polilli : it feems to confift of

feldt-fpar and fchorl, united by a quartzofe cement.

The pafte which conftitutes -the ground of porphyry

is of a very fine clofe grain
;

the other fragments

united in it are generally much lefs than thofe of gra-

nite, This ftone is fuiible inter a coloured glafs. All

the fpecies of porphyry may be reduced to the fol-

lowing leven.

\

Species.

1. Red porphyry, with large fpots.

2. Red porphyry, with fmali fpots.

3. Green porphyry, with large fpots.

4. Green porphyry, with fmali fpots.

Species.

258

Species.

1.

2 .

3 -

4 -

5 *

6 .

r.iiello. See an account of thefe particulars in SaufTure’s Voyage dant

ks Alpos. A.
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Species.

5. Black porphyry, with large fpots.

6. Black porphyry, with fmall fpots.

7. Coarfe porphyry, of a dirty red, almoft with-

out fpots, nearly of the fame nature with

fand-ftone.

Genus V. Ophites
,
or Serpentine.

Pliny gave the name of ophites to a kind of lionet

fpotted like a ferpent’s Ikin. Bucquet confidered thole

as a kind of porphyry, but harder, of a more ancient

formation, and having their component parts much
more intimately united than the other kinds. They
have likewife received the name of ferpentine,

or hard

ferpentir.c. On comparing this Hone with porphyry, it

appears that they are both compofed of a quartzofe

pafle, with feldt-lpar and fchorl
;
but that in ferpen-

tine the fragments of feldt-fpar and fchorl are large

and rhomboidal, while in porphyry they are very

fmall.

Serpentine gives fire with fteel
;

its fracture is fine

and half fcaly
;

it melts in the fire.

The following are molt of the fpecies of ferpentine

which we have had occafion to fee.

Species.

1. Ophites of a deep green ground, with large

w? hite fpots.

2. Dark green ophites, with oblong fpots of a pa-

ler green.

3. Ophites refembling the preceding fpecies
; its

fpots very fmall, and fcarcely vifible : Many
R 2 * favage
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Species.

favage nations ufe it for money : it has recei-

ved the name of thunder-Jione.

4. Brown ophites, with irregular oblong fpots of

a role- coloured white.

We are altnoft entirely ignorant of the circumftances

of the formation of ophites. We know not even whe-

ther it be owing to fire or wr ater. But as they refemble

porphyry, wTe have for this reafon placed them imme-

diately after that genus.

Order II. Earths and Stones Mixed by Fire.
1

Continuation of the Volcanic Products.

The origin of thefe fubftances is well known
; they1

are never found but in the neighbourhood of volcanoes,

or in places where volcanic fires have formerly exifted.

Befides, they poflefs all the charadteriftics of products

of fire. Thefe, together with the compound ftones

above defcribed, wdll form a complete lift of volcanic

produdts.

We include not under this name all the matters

which are found near volcanoes. Many of them are

not altered by fire, fuch as. molt of the ftones above

defcribed, more elpecially granite, clays, &c. as wrell

as many falinp fubftances, together with calcined,

melted, fublimated, and vitrified matters. They exhi-

bit nothing very remarkable, and were we to defcribe

them here, it would occafion an unneceftary repetition.

We fliall in another place take notice of their exifting

in the neighbourhood of volcanoes, and of the altera-

tions produced on them by fubterraneous fire.

Genus
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Gj^enus I. Volcanic Afhes.

The name of volcanic ajhes has been improperly

given to a kind of pulverized earthy matters of various

colours, which are found in the neighbourhood of vol-

canoes. They appear to be compofed either of a mix-

ture of fubltances difcharged from the volcano, or of

lavas altered by the aclion of air and water. Bucquet

thought them to be combinations of iron and clay.

They are generally attracted by the magnet. We
know only two fpecies of them.

Species.

1. Rapillo, a pulverized matter, of a blackifli

grey, which is found round the edges of vol-

canic craters.

Rapillo contains garnets and fchorls, the form of

which is ftill difcernible, though their angles

have been loftened and incrufted by fome

matter in fufion.

2. Puzzolana. This fubftance has received its

name from the town of Puzzoli, where it has

been made ufe of fince a very remote period:

it is an argillaceous earth impregnated with

iron, and varioufly coloured according as it

contains a greater or a lefs proportion of the

metal. There is grey, black, yellow, red,

and brown puzzolana. It melts by fire into

a black enamel. It is ufed to compofe

a kind of cement or mortar, which pofTefTes

the property of becoming hard in water. M.
Raujas de St Fond found fome of it in Viva-
rais. He thinks that it is formed by the al-

teration and attrition of porous lavas, and
even of bafaltes. That philofopher, in his

researches on the nature of puzzolana, gives

R 3 an
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an account of the proceffes neceffary for

building with it, both under, water, and

where it is to be expofed only to the action

of the air.

Genus II. Lavas.

This name is given to matters which have been

melted and half vitrified by volcanoes. They are

ufually fcattered over the lides of mountains, the inte-

rior parts of which are inflamed with volcanic foci.

They iffue from the craters of volcanoes in burning

Itreams, which fometimes overflow a wide extent of

country, carrying deftruction and defolation wherever

they direct their courfe. So confiderable is their bulk,

and fo intenfe their heat, that they cool but very

flowly, and are not quite cold till after feveral years.

In cooling, they crack and feparate into maffes, which

are fometimes of a regular form : and this feems to be

the origin of bafaltes. In cabinets of minerals there is a

great variety of thefe ftones. They generally confift

of a grey paffe, of a lighter or a deeper fliade
;

in

grain and hardnefs fubje£t to great varieties
;

with

cryftals or irregular fragments of fchorl, garnet, glafs,

zeolite, &c. interfperfed
;
which makes a true mixture.

It is impofiible to point out any certain general pro-

perties of lavas
;

for they all differ from one another in

grain, cohefion, hardnefs, colour, compofition, &c.

They are all in general very fufible, and afford a kind

of blackifh enamel, like volcanic glafs. M. Cadet

found them to contain iron, copper, and filiceous and

aluminous earth. Bergman believed them to con-

flft of filiceous, aluminous, and calcareous earths, with

s mixture of iron. Many lavas, and more particularly

thole
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thofe which are moft compadt, poflefs the property of

adting upon the magnetic needle.

%

Species.

i. Soft lava of various colours, containing cryflals

of black fchorl.

1. Soft lava of various colours, containing cryflals

of green fchorl.

3. Soft lava, of various colours, with cryflals of

white fchorl.

4. Reddifh lava, with blackifh cryflals.

5. Yellowifh faline lava.

6. Soft lava, with garnet cryflals.

7. Porous lava, of a gentle luflre (Fr. Chatoyant.')

8. Porous grey lava
;
volvic flone.

9. Soft blackifh lava, with white cryflals.

10. Grey lava, fomewliat compadl, with duode-

cahcedral, opaque cryflals, or garnets altered

by fire.

11. Ancient lava, very compact, of a blackifh

grey, and fpeckled with fpots of a deeper

colour.

Genus III. Bafaltes.

There is nothing more inaccurate in tlie writings

of naturalifls than their defcriptions of bafaltes. Some
have confounded both fchorls and garnets with this

fubflance. There is no where to be found an accurate
definition of the word bafaltes. Some confider them
as products of volcanoes

; others think them to be
formed by water. The experiments and obfervations

^ 4 . of



264 Clarification of Earths and Stones

of Meffieurs Defmarets and Faujas de St Fond, induce

us to prefer the former of thefe opinions. Regularity

of form, abfolute opacity, and a confiderable degree of

hardnefs, fuch as that it gives fire with fteel, a grey

afliy colour, and an evident mixture of fchorls, or

fmall fragments of vitrified matter, of a deeper colour

than the mafs through which they are interfperfed,

may be confidered as the diftinctive characteriftics of

bafaltes. They are liltewife fufible.

Among this genus there are ftones of enormous bulk,

and collected in vaft maffes, which appear to have

been formed at fome very remote period in antiquity.

Such are, i. The columns of the Giant’s Caufey in

the county of Antrim in Ireland. 2. The rock of

Pereneire near St Sandoux in Auvergne, which is very

accurately defcribed by M. Defmarets. There are o-

thers regularly cryftallized in fmall prifms of three,

four, or five faces, See. : their form, fize, and difpofi-

tion, are extremely various.

They are ufually arranged in regular order, one be-

fide another. No analyfis of them has yet been made

from which any thing could be determined concerning

their nature. They feem to be nothing but lavas ap-

parently cryftallized, in confequence of the cracky

which run through them in all directions while they

are cooling *. Their arrangement ahd amazing va-

rieties

* One theory which has been received concerning the formation of

bafaltes, is, that when a ftream of lava pours into the fea, the im-

pulfe of the water caufes it to contraft and fplit into regular figures.

But the ingenious M. Houel, in his Voyage Pittorefque, &c. fhows

this theory to be inconfiftent with fads. He propofes another, in

which he aferibes the formation of bafaltic columns to the heteroge-

neity of the matters of which lavas are compofed. An ingenious

theory! but not fufficiently confirmed by fads,
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rieties give confiderable weight to this opinion : it

likewife appears, that water infinuating itfelf into the

chinks, depofites in them different kinds of earth, and

alters the correfponding fides of the bafaltic co-

lumns : and this feems to be the caufe that produces

the yellow or brown crufts with which they are co-

9 vered.

5.Species.

1.

2 .

3 -

I

4 -

Bafaltes in very long polygon prifms, not ter-

minating in regular pyramids. '

Bafaltes in fhort truncated prifms, of three,

four, five, or feven faces.

Bafaltes in ftiort polygon prifms, terminar-

ting on the upper end in a concavity, at

the lower in a convexity; articulated ba-

faltes.

Small bafaltes, quadrangular, triangular, &c. ;

formed by the fra&ure of the larger co-
lumns, and united in the fame group with

them

Genus IV. Scoria of Lavas.
•

^

The melted matter of which lavas confift is a mix-
ture of various heterogeneous fubftances, differing in

j)j

denfity and gravity. As it is flowly cooled, thofe fe-

1 veral fubftances are feparated, according to their gra-

Hence the fcoriae of lavas. Thefe are fpongy

fub-

: vines.

* For the hiftory of thefe ftones, and all the other produ&s of vol-

1 canoes, fee an excellent work intitled Mineralogie des Volcans
,
par M.

paujas de St Fond, Paris, 1784. F.
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fubftances Which have not been fo thoroughly melted

as the lava, and whofe levity raifes them to the fur-

face of the mafs. In other refpetts they appear to be

of tlie fame nature with lava
;
the only difference be-

ing, that they are a more imperfect mixture. Scoriae,

as well as lavas, are found to contain fchorl and garnet

cryftals.

Species.

j. Ponderous volcanic fcoriae, of a compact tex-

ture.

2. Black cellular volcanic fcoriae.

3. Black fpongy volcanic fcoriae.

4. Black volcanic fcoriae, twitted like a rope.

5. Yellow ochreous volcanic fcoriae.

6. Reddifh volcanic fcoriae.

The two la(t lpecies plainly appear to have dif-

fered alteration from the contact of air, wa-

ter, and acid vapours.

Such was the clalTification of earths and Hones

which Bucquet thought proper to adopt in the years

1777 and 1778. Great progrefs has iince been made

in the chemiftry of mineralogy. Stones are now ana-

lyfed in almoft every laboratory. Mefffs Bayen, D’Ar-

cet, Monnet, de Morveau, Sage, Mongez, and Pelle-

tier, in France; Scheele and Bergman in Sweden;

Achard, Bindheim, and Hupfch, at Berlin
;
de Sauf-

fure in Switzerland; Woulfe, Withering, and Kir-

wan, in England, have examined a great number of

earths and (tones : and in confequence of thofe analy-

fes, the claffification of earths and (tones mu(t under-

go a condderable change. Two of thoie chemiftshave

there- 1
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therefore publifhed new fyftems of mineralogy, in

which their arrangements are founded on the nature of

the component principles of minerals. But their me-

!

thods are totally different from that of Bucquet, who
fought to affociate exterior characteriftics with chemi-

cal properties, Bergman and Kirwan have paid no re-

gard to physical qualities
;
the nature, the quantity,

and the proportion of the component principles are the

particulars on which they found ,their arrangements.

Their fyftem, though it may contribute greatly to the

advancement of chemical knowledge, cannot teach us

to diftinguifli Hones by their appearance and fenfible

properties. It was therefore abfolutely neceffary to

give, as we have done, fome phyfical method, before

entering on the examination of thefe fyftems. The one

throws light on the other; and they may thus be

equally ufeful to the ftudent of mineralogy.

§ II. Bergman’s Chemical arrangement of Earths and

Stones *.

^DErgman, after Blowing that external properties,

if judicioufly feieefted, may be of life in forming a

> claffification of minerals, but xare not of themfelves

fully

!

* This fe&ion is an extract from Bergman’s work, publiflied in

French, by M. Mongez, under the title of 7‘he Mineralogiji’s Ma-
nual, isfe. F There is an Englilh tranflation 0f it by Dr Wi-
thering.
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fully adequate to that purpofe, eftablifhes his principal

divifions of claffes and genera on the compofition and
intimate qualities of thofe bodies. Every mineral is

arranged by that principle which is the molt powerful,

or the moft copious in its compofition : all minerals, or

foflils, are in this fyftem divided into four claffes; falts,

earths, bitumens, and metals. We fliall here take no-

tice of none but the earths.

Bergman acknowledges five different kinds of fimple

earth
;

terra ponderofa, lime, magnefia, clay, and fili-

ceous earth *.

He firft examines each of thefe as pure earths, tho’

none of them is ever found fuch in nature : he ob-

ferves, that thefe five earths combine into twenty diffe-

rent fpecies, ten of two, fix of three, three of four,

and one of the whole five. But he ranges among the

fpecies of earths all fuch of their combinations with

acids as are not foluble in one thoufand times their own
weight of boiling water

; and thofe fpecies are thus

increafed to a vaft number. Befides, two compound

earths, though made up of the fame component prin-

ciples, may differ widely as to the proportion in which

thofe principles exift in them
;
even fo much as to be

effentially different in their nature. Thefe are the

grounds on which Bergman and his commentator the

Abbe Mongex, have diftinguifhed earths into different

fpe-,

* Three of thefe five kinds of earth appear plainly to poflefs faline

properties, namely, barytes or ponderous earth, magnefia, and lime ;

and we therefore referve the hiftory of them to the fecond part of the

work. Bergman, whole intention was to divide ftones according to

their principles, was obliged to rank them among the earths, becaufe

they are often united with each other. Many of the fubltances which

that illuftrious chemift has placed among fioncs, come in our method

be confidered as falts. F.
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{pecies ;
for Mongez has made conftderable additions

to the labours of the Swedifti chemift. The following

are the fpecies into which they divide each of the pri-

r mary earths.

t

Ponderous Earth *.

Species.

I. Pure ponderous earth. This is no where to be

found in nature ;
it is obtained, as we fhall

afterwards fee, by decompoling ponderous

fpar.

II. Aerated ponderous earth ;
a combination of

terra ponderofa with the aerial acid. This

compound has not hitherto been found in

nature : Bergman thinks that it may exift in

water in a hate of folution f.

III. Vitriolated ponderous earth; ponderous fpar;

a combination of ponderous earth with the

, vitriolic acid. Abundance of this fubftance

is found in mines. The Bologna ftone is a

variety of it.

IV. Vitriolated ponderous earth, containing petro-

leum, mixed with felenite, alurp, and fili-

ceous earth
;
the hepatic ftone of Cronftedt.

This is a bright yellow, brown, or black

fparry

m
* We fhall here follow the denominations of Bergman. It will be

eafy to refer the ancient names both of earthy bafes and of the acids

) united with them, to the new and methodical denominations which we
fhall give thofe bodies in the hiftory of faline matters. See the end of

this volume, and the fecond. A.

f A natural compound precifely of this fpecie3 has been found in

r
England fince the death of Bergman, See the extraft from Kirwan’a

Mineralogy. A.
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fparry fubftance
; ftrong fuelling, and not

efFervefcent with acids." A quintal of this

natural Compound contains, according to

Bergman,
. 33 parts of liliceous earth, 29 of

pure terra ponderofa, and 5 of clay, beiides

lime, water, and vitriolic acid.

Lime.

1

Species.

I. Pure or quick-lime. Bergman knew not whe-

ther this fubftance exifted in nature. *

II. Aerated lime
;
chalk, or calcareous earth

; a

combination of lime with the aerial acid.

It often contains marine fait of magnefia,

calcareous marine fait, clay, and filiceous

earth or iron. In the bowels, or on the

furface of the earth, it conftitutes lac lunae,

congelations, calcareous ftones, marbles, cal-

careous fpars, concretions or ftalaclites, &c.

III. Bituminous aerated lime, or lime impregnated

with petroleum
;
fwine-ftone. It is found

in France at Villers-Cotterets, Plombieres,

and Ingrande in Anjou
;
at Rattwik in Da-

lecarlia, Kinekulle in Weftrogothia, Kraf-

nafelo in Ingermania, in Portugal, in Swe-

den, &- c. If violently rubbed, or heated,

it diffules a' fastid fmell, which fometimes af-

feds the noftrils in the fame manner with

cat’s urine
;
and fome authors have there-

fore given it the name of lapis felinus. It

effervefees with acids, decrepitates, and lo

fes its fmell and colour in fire. When di-

ftilled in large quantities, it affords, 1. A
6 fe-
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\

Species.

fetid liquor, which turns the fyrup of vio-

lets green, and effervefees with acids
;

2. A
blackifli oil, of a ftrong ftnell, refembling

that which is obtained from pit-coal *,

3. Concrete volatile alkali. The refidue

contains a little marine fait. This fubftance

owes its peculiar properties to the bitumen

mixed with it.

IV. Fluorated lime
;

fluor mineral, or vitreous

fpar. A combination of lime with the fpa-

thofe or fluoric acid, with a mixture of

clay and filiceous earth, and a little of the

marine acid.

V. Lime faturated with a peculiar acid, probably

metallic *
;

ponderous ftone
; Swedilh

Tungjltn. This is the weightiefl: of all ftones.

It is found in fmall yellow or red grains in

the mines of Baftnaes, near Ritterhute in

Weftmania; at Marienburgh and Alten-

burgh in Saxony, it is fparry, bright, and

whitifh. It is often confounded with white

tin ore. It fcarce yields to the adflion of

fire, and is vitrifiable only at the furface

:

it is not foluble in boiling water
;
the vitrio-

lic acid leparates the lime : by diflolving it

in volatile alkali, precipitated by the ni-

trous acid, a white powder is obtained,

which is the peculiar acid difeovered by
Scheele. In order to recognize and diftin-

guiflr

* Found to be fo. See Scheele’s Eflays, and D* Luyart’s cm Wol-
fram, both tranflated into Englifh.
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Species.

guifh it from other {tones, we mud firft re-

duce it to powder, and then pour upon it a

due quantity of the nitrous or of the ma-

rine acid. This mixture, when gently

heated, aflumes a fine yellow colour. (See

Le Journal de Phyjique
, 1783, tome 22.

VI. Aerated lime, contaminated * with a final!

mixture of muriatic magnefia, or marine fait

of magnefia.

VII. Aerated lime, contaminated with clay
j

falfe

marl.

VIII. Aerated lime, contaminated with filiceous

earth. Some hewing {tones and marbles

give fire with fteel, on account of the frag-

ments of filex or quartz which they contain.

IX. Aerated lime, contaminated with a mixture of

argillaceous and filiceous earth
;

perfect;

.marl.

X. Aerated lime, contaminated with iron and

manganefe : falfe white iron ore
; black and

dufty, or hard, red, or whitifli. The mines

of Hallefors exhibit thefe varieties
f.

Magnefia.

I. Pure magnefia. This is always a product of art.

II. Aerated

* The word contaminated, inquinatus ,
is ofed by Bergman to de-

note the mixture of two or more earths, when no real combination

takes place. We lhall therefore fometimes fubftitute the word mixed,

in its place. A.
•j* All thefe fpecies are faline fubltanccs, which will be deferibed in

the hiftory of falls.
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II. Aerated magnefia, diffolved in water fatu-

rated with aerial acid.

III. Aerated magnefia, mixed with filiceoiis earth,,

It fcintillates and effervefees.

IV. Magnefia, intimately combined with clay and

filiceous earth
;

fteatites, Brian$on chalk,

foap-ftone, lapis ollaris, ferpentine, lapis ne-

phitticus.

V. Magnefia, combined with a confiderable por-

tion of filiceous earth, and a fmaller quan-

tity of calcareous and argillaceous earth*

and contaminated with calx of iron. Af-

beftos; mountain cork; mountain leather;

amianthus. Bergman found a quintal of ami-

anthus to contain 64 parts of filiceous earth,

i8|ths of magnefia, 6T
9^ths of lime* 6 of

ritriolated ponderous earth, 3_?_ths of clay,

and ifth calx: of iron
;

a quintal of albedos

afforded 67 parts of filiceous earth, i6^ths of

magnefia, 6 of clay, 6 of lime, 44th of calx

of iron.

VI. Magnefia mixed with argillaceous and filiceous

earth, and with pyrites
; a kind of ore of

alum deferibed and analyfed by M. Mon-
net, (Syjl. deMinemlogie

,
genre 9. page 161.

VII. Magnefia mixed with argillaceous and fili-

ceous earth, pyrites, and petroleum
; mag-,

nefian aluminous fchiftus.

Clay.

I . Pure clay. It is precipitated from alum by-

aerated volatile alkali.

II. Clay mixed with filiceous earth. Porcelain
Vol. I, S earth

;
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earth ;
Chinefe kaolin. Solid clay from

Saint-Iriez in Limoutin, from Japan, and

from Saxony. Pulverulent clay from Weft-

mania, Boferap, and China. Thefe earths

are often mixed with mica. Clays for

potteries and delft-ware are coarfer, but of

a limilar nature.

III. Clay mixed with iron and liliceous earth.

Boles or bolar earth, grey, yellow, red,

brown, and black. Thefe, when wafhed,

become terrae figillatae. Common clays, of a

green, blue, or red colour, are of this

fpecies.

IV. Clay mixed with filiceous and calcareous

earths. Argillaceous marl
;
pipe clay

;
agaric

mineral or foflil. >

V. Clay mixed with liliceous and magnelian earth.

JLemnian earth; fuller’s earth; foap-ftone

;

finedites. Bergman obtained from Lem-
nian earth, Hamplhire clay, and Englilh

fuller’s earth, a confiderable quantity of fili-

ceous earth, about |th of clay, and as much
aerated lime, with T*_th of aerated magnelia,

and the fame quantity of oxide of iron.

He gives to thefe earths the generic name of

lithomarga.

VI. Clay contaminated with fulphur and vegetable

alkali : alum ore of Tolfa and Solfaterra.

Bergman takes if to be a volcanic produdl.

VII. Clay mixed with liliceous earth, pyrites, and

petroleum ;
aluminous fchiftus. It is found

in Italy, in the diftrid of Liege, in Sweden,

and in Jemteland. Black crayons, fuch as

thofe from Beohel, near Seez in Normandy,
and
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and the ampelites, are of this fpecies. Tripo-

lis are ofthe fpecies of aluminous fchiiti, more

or lefs burnt. Such are thofe of Poligne in

Normandy and of Menat in Auvergne.

M. Monger comprehends under this fpe-

cies thofe fchifti which contain much clay,

and more or lefs filiceous earth and bitu-

men. ;Moft of them contain likewife a mix-

ture of calcareous earth, and effervefce with

acids. The proportions in which the com-

ponent principles are mixed in thefe fchifti

are extremely various. Some of them are fo

bituminous, that they butn with flame $

others are full of pyrites, and effervefce in

the air
;
fome again are excefitvely hard,

and give fire with fteel. M. Mongez ad-

tnits five varieties: 1. Hard argillaceous

fchiftus, or writing flate : 2. Soft argilla-

ceous fchiftus, or flate for roofing hotifes

:

3. Soft filiceous fchiftus, ufed in polilhing

metals: 4. Hard filiceous fchiftus, ufed for

whetting razors •, fcythe-ftone : 5. Hard cal-

careous fchiftus, which makes an indiffe-

rent lime, fuch as that of Allevard in JDau-

phiny.

VIII. Clay combined with nearly half its weight

of filiceous earth, a little aerated lime, and

fome oxide of iron ; cryftal gems. Berg-

man’s fine dilcoveries concerning the na-

ture of cryftal gems, which, from their

excefiive hardnefs and apparent inalterabi-

lity, were formerly thought not to be fuf-

ceptible of a chemical analyfis, have been

S 2 con-
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confirmed by the experiments of Mefirs

Margraf, Gerhard, and Achard. The fol-

lowing is the refult of Bergman’s analyfis

of the five cryftal gems, which are varieties

of the fpecies we are now confidering.

Clay. Silic, Lime. Iron.

Oriental emerald contains 6o 24 8 6

Oriental fapphire - 5 & 35 5 2

Saxon topaz - - 46 39 8 6

Oriental hyacinth - 40 25 20 13

Oriental ruby - - 40 39 9 10

The means employed by this ingenious

chemift for refolving ftones into their com-

ponent principles, though very ingenious

are very fimple. (See le Journal de Phy-

Jique, 1779, tome 14. p. 268 y tome 21. p. 56

et 101) *.

IX. Clay combined with a portion of filiceous

earth, equal to more than half the weight

of the whole mafs, with a very fmall quan-

tity of aerated lime and fome iron
;

garnet,

fchorl, tourmalin. In thefe ftones the pro-

portion of the iron varies. (See the analy-

fis of the Tourmalin of Tyrol, by M. Muller,

Journal de Phy/ique, tome 15. p. 182. ann.

1780).

X. Clay flightly combined with half the weight

of the mafs, or rather more, of filiceous

earth, and a fmall quantity of lime
;

zeolite.

M. Mongez confiders the azure ftone, lapis

lazuli

,

as a zeolite. M. Margraaf found a

final!

? Or rather Bergman'* Effayj.
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fmall quantity of gypfuni, ready formed, in

the lapis.

XI. Clay combined with a confiderable quantity

of liliceous earth and a little magnelia ;

talc, mica. The proportion in which the

principles exift in this ftone is not yet per-

fectly determined. v

Genus V. Siliceous Earth.

I. Pure liliceous earth. This is obtained by melt-

ing white quartz, with four parts of fixed

alkali, dilfolving the whole in diftilled wa-

ter, and precipitating the earth with an

acid. The precipitated earth is then walh-

ed and thoroughly dried.

II. Siliceous, united with a very fmall proportion

of argillaceous and calcareous earth : The
feveral varieties of rock-cryltal, of quartz,

and of grit-ftone.

III. Siliceous, united with argillaceous earth. Hy-
drophanes chalcedony or oculus mundi : ac-

cording to M. Gerhard of Berlin, this ftone

contains a greater quantity of clay than of

filiceous earth. Opal : M. Mongez conli-

ders cat’s eye, filh’s eye, and giralol, as va-

rieties of this ftone. To thefe three he adds
agate and its varieties ; cacholong, corna-
line, fardonyx, gumllint, and jade. They
have not as yet been analyfed with fufficient

accuracy.

s 3 IV.
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JY, Siliceous earth united with clay flrongly im-
pregnated with iron; jafper. M. Mongez

' condders the finople as a variety of the jaf-

per.

Y- Siliceous earth united with fuch a quantity of

martial earth as reqders it ponderous
; falfe

jafper. M. Mongez calls this done a me-
tallic quartz. He didinguifhes it into the

black coloured by iron, and the red colour-

ed by copper.

VI. Siliceous united with argillaceous earth, and

a little lime
;
petrodlex. This done fome-

times gives fire with deel, and effervefees

with acids. It melts in a drong dre.

VII. Siliceous earth united with clay, and a little

magnefia ; feldt-fpar. It differs a change

of colour, and melts in the fire. Air does

not decompofe it. It gives dre with deel,

and breaks at every droke.

VIII. Siliceous earth united with magneda, aera-

ted and fluorated lime, and a portion of

oxide of copper and irony prafe, chryfo-

prafe. Bergman gives the compodtion of

this done from an analyds of it by M. Ach-

ard.

I. APPENDIX.
' • * .

•
' * " *

I
Bergman, in his drd appendix, treats of mineral

fubftances mechanically rpjxed or united, in fuch a man-
ner.
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ner that the principles of the mixture or compofition

may be at once diHinguilhed by ocular obfervation.

We Hiall mention none but mixtures of earths ;
fuch

are the Hones known by the name of rocks, faxa. M.
Mongez, who has made conliderable additions to what

Bergman had done on this head, didinguiflies thefe

Hones or rocks into two genera, i. The HrH, thofe

whofe parts are not united by any cement, but limply

adhere by juxta-pofition. Thefe are formed by the

agglutination of a number of fragments. He didin-

guiihes them into three fpecies,—granite, gneis of Sax-

ony, and horn-Hone. 2 . His fecond genus compre-

hends fuch mixed Hones as have their parts incrufled

in a common cement
; as is the cafe with the four fpe-

cies of porphyry, ophites or ferpentine, breccia, and

pudding-Hone. We fliall here give the varieties of

thefe Hones acknowledged by this naturalid.

I. Granite is a compolition formed by the union

of quartz, feldt-fpar, mica, fchorl, and Heatites, mixed

in various proportions
;

confiding fometimes of two
of thefe fubHances, fometimes of three, and fometimes

of four. Quartz is always the bafe.

Variety I. Granite of two fubHances
; granitin,

A. Quartz and feldt-fpar.

B. Quartz and fchorl.

C. Quartz and mica.

D. Quartz and Heatites.

Variety II. Granite of three fubHances.

A. Quartz, feldt-fpar, and mica. This is the

mod common, the mod plentiful, and the

mod varied of all.

B. Quartz, mica, and fchorl,

s 4 C.
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C. Quartz, fchorl, and fteatites.

Variety III. Granite of four fubftances.

A. Quartz, feldt-fpar, fchorl, and mica.

B. Quartz, feldt-fpar, fchorl, and fteatites.

II. Gneis is a mixture of quartz in grains, and mi-

ca in a greater or a lefs proportion, with aconfiderable

quantity of clay or fteatites, which conftitutes the bafe

of the ftone. This ftone is foliated like the fchiftus.

Expofure to the air foon alters and waftes it down, be-

caufe the clay abforbs the moifture. Many varieties

of the gneis are found on the Alps of Dauphiny.

III. Horn-rock is a compad dope, confiding of

very minute- particles of an earthy afpect, and exhibit-

ing over its furface lparkling points of mica. • When
moiftened or ftruck, it diffufes a clayey fmell. It

hardens in the fire like clays, and when expofed to a

very ftrong heat, melts into a blackifh fcoria or a black

glafs. Its colours are extremely various. M. Mon-
gez thinks the Swedilh trapp a variety of the horn-

ftone.

IV. Porphyry feerns to be compofed of a fine hard

pafte, of the fame nature with red jafper, containing

either irregular or cryftalline grains of quartz, white

or reddifh feldt-fpar, and fometimes of green or black

fchorl.

V. Ophites, or ferpentine, is a fpecies of porphyry,

of a green pafte, and greenifh white fpots. The lpots

of the ophites are generally oblong ;
whereas thofe of

porphyry are fquare or rhomboidal. The thunder-

ftone is a variety of this fpecies,

' VJ.
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VI. Breccia, from the Italian word briccia, a crumb

or fragment. This is a mixed (lone of a much later

formation than any of the above, formed of the ruins

of the primary mountains, of irregular worn pieces

pf filex, &-G. united by a common cement, M. Mon-

gez makes no fpecific^dillindion between breccias and

pudding-llones \
but gives to the latter a compound

name, indicating the nature both of their fragments

and of their cement. He diftinguiflies thefe ftones in-

to eight varieties : The calcareo-calcareous breccia,

under which denomination both the breccia properly

fo called and the lumachello are included ;
the filiceo-

filiceous breccia, or the puddingrftone *
\
the breccia

confiding of calcareous and filiceous fragments, with

a calcareous cement ;
the breccia with liliceous ce-

ment, and fragments of the calcareous and filiceous

genus ;
the arenario-filiceous breccia,—ot this variety

is the grey (lone oi Chartres ,
the bieccia with a ce-

ment and fragments of jafper ;
the breccia with a ce-

ment and fragments of porphyry ;
and the volcanic

breccia.

II. APPENDIX.
Volcanic Products.

M. Monger, with Bergman, divides volcanic pro-

duds into fuch as are formed by fire, and fuch as owe

their

* According to this nomenclature, the firft of the two names af-

fixed to the breccia expreffes the nature of its cement ; the fecond,

that of its fragments.
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their origin to water. The laft are nothing but earthy
matters, which having been dilfolved or fufpended in

water, are by it depoiited in places adjacent to volca-

noes, and among their products : of this kind are the
calcareous and filiceous incruftations, as well as the
zeolites which are often found among volcanized fub-
ftances.

M. Mongez divides the genuine produces of volca-
noes into three orders ; i. Earthy fubftances, but little

altered by fire
; fuch as calcareous matters, clays, gar-

nets, hyacinths, fchorls, and mica. i. Earthy fub-
ftances which have been burnt and calcined

; fuch as

volcanic afties or rapillo, and puzzolana, the tufa, the
peperino of the Italians, pumice-ftone, and the white
earth which covers folfatara. 3. Earthy fubftances
which have been in a ftate of fufion, or lavas

; and of
thefe he admits feveral kinds,'—the fpongy lava, the
compadt lava, the lava in ftalaftites, and volcanic
glafles. After thefe divifions, he mentions fuch earthy
volcanic produ&s as are of an uncertain origin. Un-
der this order he reckons particularly volcanic fchorls,
and (till more bafaltes, which he takes to be mafles of
trapp foftened by the humid vapours of volcanoes, and
flowly dried after thefe have ceafed to exhale.

§ 111 .
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§ III. Chemical Clajjijication of Earths and Stones, by

Mr Kirwan.
h

IN the year 1784, Mr Kirwan, a celebrated chemift

of London, publilhed a work on mineralogy
; in

which he gives a general clafiification of minerals,

founded on their chemical properties or combinations.

The firfi part of his work contains earths arid Hones.

He gives infipidity, drynefs, fragility, incombufiibility,

and infolubility, as the charadlerifiic properties of thefe

Jubilances. With Bergman, he diltinguifhes five ge-

nera of fimple earths,—calcareous earth, ponderous

earth or barytes, magnefia or muriatic earth, argilla-

ceous earth, and llliceous earth. From a chemical

analyfis, he arranges all known earths and fiones under

thefe five genera.

CALCAREOUS GENUS.

To this he refers twelve fpecies.

Species.

I. Calcareous earth, not combined with any acid ;

virgin lime of volcanoes. Falconer on Bath

Waters
,
ml. i

. p. 156, 157 ;
Monnet. Mine-

ral. p. 515.

II, Calcareous earth, combined with aerial a-

dd, Its varieties, which he arranges in

two
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two feries, are tranfparent calcareous fpar,

opaque fpar, ftalactites, tophi, incruftations,

petrifactions, agaric mineral or ghur, chalk,

limeftone, and marbles. Bayen, Journal de

Phyfique,
tome ii. p. 496.

III. Calcareous earth combined with the vitriolic

acid, gypfum, felenite, or plafter *. He
admits two feries

j the tranfparent and the

opaque.

IV. Calcareous combined with the'fparry acid,

fluor fpar, petuntze of Margraf. Series I.

Tranfparent fluor fpars : II. Opaque fluor

fpars.

V. Calcareous earth combined with the acid of
tungften. Tungften or ponderous ftone.

Woulfe, Phil. Tranf. 1779, p. 26. Scheele's

EJfays.

VI. Aerated calcareous earth, mixed with a dif-

cernible quantity of magnefia. Var. I.

Compound fpar, defcribed by Mr Woulfe
,

Phil. Tranf. 1779, p. 29. II. Creutzwald
ftone, analyfed by M. Bayen f,

Jour. dePhyfi
tome's. iii. p. 59.

VII. Aerated calcareous earth, mixed with a dif-

cernible quantity of clay. Var. I. Calca-

reous marl. II. Traveftino, margodes,

ftony

* Mr Kirwan clafTes many earthy falts among ftones
; though they

be even one half more folublc than the moil foluble Hones. A.
f It would be fuperfluous to give here the proportions in which

the feveral principles are united in thefe ftones, as we will have occa-
fion to mention them in the chemical hiftory of falts. We fliall give
the proportions only in Mr Ivirwan’s two laft genera, which we con?
fidcr

1

as genuine earths. A,
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ftony marl. FcrbePs Travels in Italy,

P % 1 1 7 » 119*

VIII. Aerated calcareous earth, mixed with a dif-

cernible quantity of ponderous earth
;

ba-

rytic marl of Derbyfhire.

IX. Aerated calcareous earth, mixed with a dif-

cernible portion of liliceous earth. Var. I.

Stellated fpar. II. Calcareous grit
;
hard

free-done, Moilon. Monnet, Mineralogy
,

p. 116.

X. Aerated calcareous earth, mixed with a fmail

quantity of petroleum. Swine-llone.

XI. Aerated calcareous earth, mixed with a dif-

cernible quantity of pyrites
;
pierre de St.

Amhroix
,
analyfed by the Baron de Ser-

vieres, Journ. de Phyf tome xxi. p. 394.

XII. Calcareous earth, mixed with a difcernible

portion of iron. Var. I. Aerated calcare-

ous earth impregnated with iron, Rinman,

Mem. de Stock. 1754. II. Tungften im-

pregnated -with iron, Cronjledt
, Mem . de

Stock. 1751.
,

I

To thefe twelve fpecies of calcareous earth, Mr Kir-

wan adds lix fpecies of compound ftones, in which

calcareous earth predominates. 1. Mixtures of the

limple calcareous fpecies, fuch as felenite and chalk,

vitreous fpar and tungften. 2. Compounds made up
of the calcareous and barytic fpecies. Of this kind is

a yellow ftone of Derbyfhire, formed of chalk with

fmail lumps of ponderous fpar. 3. Compounds of the

calcareous and magnefian fpecies
; white marble mix-

ed with fteatites, the pietra tclchina, and the verde

antico.

3
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antico. 4. Compounds of the calcareous and the ir-i

gillaceous fpecies, of chalk and fchiftus
; fnch as the

green campan of the Pyrenees, the red campan, Flo.

rence marble, the griotte, the amandula, the cipolin

of Rome (fee Bayen
,
Journ. de Phyjtque

,
tome xi. p. 499.

801, et tome xii. p. 51, 56, et 57.) ; of chalk and mica,

as the cipolin marble of Autun, the macigno, the pie-

tra bigia, and the columbina or turchina of the Italians.

5. Compounds of the calcareous and the liliceous fpe-

cies ;
fcintillating marbles, marble with a mixture of

lava. 6. Laftly, compounds of calcareous earth, with

two or more of the other genera ; fuch as calcareous

porphyry, and the lime-ftone mixed with mica.

BARYTIC GENUS.

Under this genus he reckons fix fpecies.

Species.

I. Ponderous earth combined with the aerial acid.

A ftone found by Dr Withering on Alfton

Moor in Cumberland.

II. Barytes combined with the vitriolic acid. Pon-
derous fpar.

III. Barytes combined with the fpathofe acid.

This fubftance exifts not in nature, but is a

product of art.

IV. Barytes combined with the acid of tungften.

This is obtained in the fame manner as the

preceding.

V. Aerated barytes, mixed with a difcernible quan-

tity of filex and iron. Bindheim.

1 VI
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VI. Ponderous fpar, mixed with lilex, mineral oil,

and earthy falts. Hepatic itone, white,

grey, yellow, brown, or black.

MURIATIC or MAGNESIAN GENUS.

Mr Kirwan reckons eight fpecies of this genus, ar-

ranging under it both thofe earths and hones in which

magnelia predominates, and thofe which, though con-

taining more lilex than magnelia, yet exhibit all the

charatteriltics of the magnelian genus.

Species.

I. Magnelia combined with the aerial acid, and

mixed with other earths. Var. I. Mixed
with lilex

;
fpuma maris. The Turkifh to-

bacco-pipes, and the Cauadian pipe, are

compofed of this fubltance. II. Mixed with

calcareous earth and iron ; olive-coloured

and bluifh earth near Thionville. III. Mix-

ed with clay, talc, and iron
;
greenilh yel-

low Silefian earth.

II. Magnelia combined with the aerial acid, with

above four times its weight of filex, and a

fmall proportion of clay. Var. I. Steatites.

II. Lapis ollaris.

III. Aerated magnelia combined with filex, cal-

careous earth, and a fmall proportion of

clay and iron. Var. 1. Fibrous albedos.

II. Coriaceous albedos
; mountain cork.

IV. Aerated magnefia, combined with filex, aera-

ted
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ted calcareous earth, barytes, clay, and iron.

Amianthus.

V. Pure magnefia, combined with a quantity of

filex more than equal to its own weight, a

third part of clay, nearly a third of water*

and one or two tenths of iron. Serpentine,

lapis Jiephriticus
,
Italian gabro.

VI. Pure magnefia, combined with twice as much
filex, and lefs than an equal quantity of

clay. Venetian talc, Mufcovy talc.

VII. Magnefia combined with the fparry acid.

This fubftance is not found in nature.

VIII. Magnefia combined with the acid of tung-

ften. This fubftance is not known to exift

in nature*

To thefe eight fpecies, Mr Kirwan adds five others*

compounds in which magnefia predominates, i. Com-
pounds of the feveral fpecies of magnefia with one ano-

ther ;
fteatites and talc, Brian 5011 chalk

;
ferpentine

with fteatites or afbeftos. 2. Compounds of the mag-

nefian with the calcareous fpecies
; red or yellow fer-

pentine, with fpots of white calcareous fpar, potzovera
;

the black is the Nero di prato, and the green the verde

di fuza of the Italians. 3. Compounds of the magne-

iian and the barytic fpecies ;
ferpentines with fpots or

veins of ponderous fpar. 4. Compounds of the mag-

nefian and the argillaceous fpecies ; fteatites mixed

with clay, mica, or fchiftus. 5. Compounds of the

magnefian with the filiceous fpecies
;
ferpentine veined

with quartz, feldt-fpar, or fchorl.-

ARGIL-

/
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ARGILLACEOUS GENUS.

Mr Kirwan reckons fourteen fpecies of this genusi

Species.

I. Clay faturated with the aerial acid ; lac hintc,

according to Schreber’s analyfis.

II. Clay combined with the aerial acid, and mix-

ed with filex and water
;

pottqr’s clay, pipe

and porcelain clay, &c.

III. Clay faturated with the vitriolic acid; em-

brydn alum in fcales like mica. Baame.

IV. Clay faturated with the marine acid
;
marine

embryon alum.

V. Clay combined with about one part and an

half of filex, nearly one part of magnefia,

and half a part of dephlogifticated iron

;

mica.

VI. VII. VIII. IX. Clay combined with filiceous

earth, magnefia, calcareous earth* iron, or

a bitumen
;

flate, blue fchiftus, pyritous

fchiftus, bituminous fchiftus, and argillace-

ous fchiftus.

X. Clay combined with a little filex, magtiefia,

and calcareous earth, with a quantity of

iron calx, nearly equal in weight to the

clay ; hornftone, or horn-blende.

XI. Clay combined with a quantity of filex equal

to four times its own weight, wfith half its

Weight of calcareous earth, and fomewhat
more than its weight of iron

; toadftone,

XII. Clay united to from twice to eight times its

own weight of filex, half its weight of lime,

VoL, I. T and
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* *

Species.

and once or twice its weight of water;,

zeolite.

XIII. Clay united with four times its own weight

of filex, and one third of iron
;

pitch- done,

lava.

XIV. Clay mixed with a difcernible portion of

red iron calx, and fometimes with fteatites

;

red chalk.

To thefe Mr Kirwan adds fix compound fpecies in

which the argillaceous genus predominates.

SILICEOUS GENUS.

This genus, in Mr Kirwan’s fyftem, comprehends

twenty-fix fpecies.

Species.

I. Siliceous earth nearly pure
;

quartz, cryftal,

fand.

II. Siliceous earth, with one-fourth clay, and one-

fortieth calcareous earth ; filex, gun flint.

See Wiegleh. A6i. nat. Curiof. t. 6. p. 408.

III. Siliceous earth, with from one-fourth to one-

third clay, and from one-twelfth to one-

fifteenth calcareous earth
;

petrofilex.

IV. Siliceous earth, with one-third clay, and one-

fixth or one-feventli iron calx
;
jafper.

V. Fine filiceous earth, mixed in various propor-

tions
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|
Species. n

tions with iron and other earths
;

agate,

opal, chalcedony, onyx, cornaline, and far-

donyx. Precious hones of the fecond or-

der.

VI. Siliceous earth, with from an equal quantity

to nearly three times its own weight of

clay, from a lixth part to an equal quantity

of calcareous earth, and from one-eighteenth

to an equal quantity of iron
;
ruby, topaz,

hyacinth, emerald, fapphire. Precious hones

of the firh order.

VII. Amethyh. The principles of its compofi-

tion are not yet known.

VIII. Siliceous earth, with one fifty-fifth of cal-

careous earth, a fmaller quantity of mag-

nefia, and a very fmall quantity of iron,

copper, and fparry acid
;
chryfoprafe.

IX. Siliceous earth, with blue fluor fpar, and a

little gypfum
;

lapis lazuli. M. Margraf

found in it chalk, gypfum, filex, and iron.

M. Rinman obferved it to contain a portion

of the fparry acid.

X. Jade. M. Kirwan conjedures it to confih of

filex, magnefia, and iron.

XI. Siliceous earth, with clay, ponderous earth, and

magnefia
;

feldt-fpar, petuntze, and Labra-

dor hone. 100 parts of feldt-fpar contain

67 parts of filex, 14 of clay, n of ponder-

ous earth, and 8 of magnefia.

XII. Siliceous zeolite. This fubhance is found at
1 *

Maefiiberg. It diflfers from the true zeolite

in giving fire with heel, which the other

T 2 does
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does not ; and this property is a proof that

filex is one of its principles.

XIII. Siliceous earth, with clay equal to more than

a third part of its weight, and one-ninth of

chalk, with no iron ; white garnet of Mount

Vefuvius. loo parts of it contain, accord-

ing to Bergman, 55 of filex, 39 of clay, and

6 of chalk.

XIV. Siliceous earth with clay, chalk, and one-

tenth of iron ;
garnet. Bergman fays that

100 parts of this ftone contain 48 of filex,

30 of clay, 12/ of calcareous earth, and 10'

of iron.

XV. Siliceous earth, with a good deal of clay,

nearly one-tenth of chalk, and a little iron

and magnefia ;
fchorl.

XVI. Bar fchorl, German Jlangen Jhoerl ;
found

by M. Fichtel on the Carpathian mountains.

It is found among lime-ftone, is of a prif-

matic form, and gives a flight effervefcence

with acids. M. Bindheim obtained from

100 parts of this fchorl, 61 of filex, 21 of

chalk, 6 of clay, 5 of magnefia, 1 of iron,

and 3 of water.

XVII. Tourmalin. The following are, according

to Bergman, the proportions of the prin-

ciples of the tourmalins of Tyrol, Ceylon,

and Brazil.

Clay. Sil. Cal. E. Iron.

Tourmalin of Tyrol 42 40 \2 6~j

.. — of Ceylon 39 37 15 9 z Par ^ 8 ‘

— of Brazil 50 34 1 1 5 3

292
\

Species.

XVIII.
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Species.

XVIII. Bafaltes, trapp. 100 parts contain, ac-

cording to Bergman, 52 of filiceous earth,

15 of clay, 8 of calcareous earth, 2 of mag-

nelia, and 15 of iron.

XIX. Rowly rag. A grey granulated Hone, which

heat renders magnetic and melts, and which

in the air acquires an ochreous cruft. 100

parts of it, according to Withering, contain

47.5 of filiceous earth, 32.5 of clay, and

20 of iron.

XX. Silex, clay, iron, and calcareous earth, melt-

ed together by volcanic fire.

1. Cellular lavas, improperly called pumice-

ftones. Thefe have been very imperfect-

ly melted. Bergman found them to con-

tain from to 4£is of filex, from^ to

of iron, rf-tr or v4s of pure calcareous

earth j and the reft pf the cpmpofition

clay.

2. CompaCt lavas. Thefe have undergone

a fecond fufion, and have therefore but

few cavities. They found when ftruck.

3. Vitreous lavas, or lava entirely melted

into black, green, blue, &c. glafs. M.
Sauflure, by melting together, more or

lefs thoroughly, certain quantities of

horn-rock, marl, and fchiftus, has produ-

ced imitation's of thefe lavas. {Voyage

dans les Alpes
, p. 127).

XXI. Siliceous earth, united with about a tenth

part of magnefia, and a very fmall portion

pf calcareous earth
; pumice-ftone.

T 3 XXII.,
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Species.

XXII. Siliceous earth, with lefs than its own
weight of magnefia and iron

;
martial mag-

nefian fpar. Pifolite found at Sainte Marie,

by M. Maret.

XXIII. Siliceous earth, wdth one-third its own
w7eight of aerated calcareous earth

;
Tur-

key done. Oil hardens it.

XXIV. Siliceous earth, mixed with a little iron

and calcareous earth. Rag-ltone.

XXV. Quartz confolidated with lefs than its own
weight of calcareous earth or clay, and a

little iron
;
grit reducible to fand by pound-

ing. Var. I. Grit with a calcareous cement

;

of Fontainebleau : it effervefces with acids.

II. With an argillaceous cement. This

variety does not effervefce. It is ufed for

building, for whet- Hones, and for filtering

water, &c.

XXVI. Siliceous earth confolidated with femi-

phlogifiicated calx of iron
;
brown or black

fcintillating Hone, which becomes red and

exfoliates in the air. Semi-phlogiHicated

iron agglutinates earths
;

but iron, when
very much calcined, poflefles not the fame

agglutinative power. This fadt has been

demonHrated by Mefirs Edward King and

Gadd.

To thefe twenty-fix fpecies of the filiceous genus,

Mr Kirwan annexes fix other fpecies in which that

‘earth predominates. The varieties which he includes

ynder thefe fpecies, are compounds frequently found

in
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in mountains of ancient formation. The Englifh che-

mift draws this lupplement to the filiceous genus from.

M. SaufTure’s obfervations on the Alps. Among thefe

varieties are, the feveral kinds of granite, pudding-

iftones, granitelloes, granitines, porphyry, gneis, vario- j
dite, &c.



CHAP. IV.

Pf the Chemical Analyfis of Earths and Stones*

Though, within thefe few years, the chemical

analylisof earths and ftones has been much more
induftrioufly profecuted than at any former period, yet

dill it mull be confeffed, that our knowledge of their

component principles is far from being fufficiently ex-

tenfive or accurate, to be affumed as the foundation of

a methodical arrangement of therm Hence the diver-

lity of the chemical claffifications of thefe fubftances

which have been hitherto offered to the public
; and

for this reafon have we been induced to give an ac-

count of the different methods fuccefiively propofed by

three celebrated chemifts in the courfe of a very ffiort

period of time.

The chief advantage which has been gained from

the various refearches of late made into the nature and

Component principles of earths and ftones, is the dif-

covery of proper means for diftinguifliing thefe. The
method of analyfing thefe fubftances is not a little

complex , and I mean to give only a general account
' of
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of it in this chapter. In faiff, as the ftudent of chemi-

j

ftry, who has read only the foregoing part of this work,

I though acquainted in fome degree with the phsenome-

/ na of fire, air, and water, muft be entirely ignorant of

the properties of faline bodies, which are fo efficaci-

I

oufly employed in feparating and examining the con-

llituent principles of earths and ftones
;

if we were

here to fpeak of the ufe of folvents in analyfing thefe

matters, we fhould both deviate from that order and

regularity which are fo neceffary in laying down the

elements of phyfical fcience, and likewife run the rifk

of becoming unintelligible : 1 fhall therefore referve a

minute and particular account of the chemical decom-

pofition of earths and Hones by acids and alkalis to a

different part of the work explaining here nothing

but its general principles.

When we wifh to difcover the chemical properties

of a done or an earth, we muff begin with a careful

examination of its phyfical properties, its form, hard-

nefs, gravity, colour* &c. The extraneous fubftances,

of wffiich there is always a greater or a lefs quantity

mixed with fuch bodies, muff next be feparated from

it, fo as that it may be purified from all mixture, by

picking, waffling, &-C. A ftone fhould be reduced to

powder, or, if the exprelfion may be allowed, to the

ftate of earth, before we attempt to examine its prin-

ciples. The firft trial that is made is generally with

fire. A few ounces are expofed in a well-baked cru-

cible of clay or porcelain, to the heat of a ffrong fur-

nace, fuch as Macquer’s
;
that of a potter’s or a glafs-

niaker’s is ffill better for the purpofe. It is to be ob-

ferved of the crucibles ufed in this operation, that the

argillaceous

«•

*. See the treatife cn the Analyft: of Water*, at the end of this work.
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argillaceous earth of which they are chiefly compofed

has often a coniiderable fhare in producing the altera-

tion which the (tony fubftance leems to fuffer from heat':

hut we have no way of avoiding this inconvenience

;

and indeed it becomes of little conlequence in a com-

parative analyfis of a great number of (tones. Of late

years, the ufe of the blow-pipe for treating mineral

matters with fire, has been introduced
; and in the

chemical examination of an earth or a (tone, this in-

ftrument may be employed together with the above

defcribed means for decompolition. Thofe fubftances

are expofed to the fire, either alone or feveral of them
mixed together, or with a mixture of fome faline mat-

ters to be afterwards defcribed *. Laftly, they may
be likewife treated with a machine for pouring

vital air on coals, of which I have given a defcrip-

tion in my Memoires de Chijnie
,
and which produces a

heat that for intenfity may be compared to the focus

of a glafs lens, fuch as that of the academy. Thefe

operations produce either a fufion more or lefs perfect,

or fome change of colour, confiftency, form, &c. which

is to be carefully defcribed. The procefs mud be far-

ther carried on, by putting the (tony matter into an

earthen retort, fitted up with a receiver and a pneu-

mato-chemical apparatus f ,
in order to colletl what-

ever water and aeriform fluids may be difengaged.

Matters which afford thefe produ&s are properly falino-

earthy fubftances, though they be coniidered as ftones

by

* See Bergman’s paper on the blow-pipe, with Mongez’s notes

Manuel dc Minsralogijl:

;

or Cullen’s Englilh tranflation of Berg-

man.

f See a defcription of this apparatus under the article Gaz of the

chemical Dictionary, in M. Sigaud de la Fond’s work on the diffe-

rent kinds of air. A.
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by naturalifts
;

yet, as they are often found mixed
with genuine earths, it is therefore proper to mention

here the general mode of examining them. 1 he ac-

tion of fire fhows whether a ftone be liliceous, alumi-

nous, or mixed. But as molt (tones are of the latter

kind, and many of them confift of feveral, fome even

of five or fix, different fubftances united in various

proportions, other procefles are likewife to be employ-

ed for determining the principles of their compofition.

Thefe confift in treating them with feveral acid and

alkaline folvents, the fuccefiive application of which

feparates all the principles of which they confift.

The action of air, and of water in vapour, may like-

wife contribute to make us underftand the nature and

conftituent parts of earthy and (tony matters. Some
of them fuffer no alteration from thefe agents

;
others

are divided, and gradually aflume a new form, colour,

.and confiftency. Thefe phaenomena belong chiefly to

(tones of a very compound nature, and containing much
iron. Laftly, lixiviation with cold and warm water,

(hows whether they contain faline matters, however

difficult it may be found to bring thefe to folution.

Such are the means by the ufe of which modern
chemifts have been able to determine the nature and

the component principles of fo great a number of earths

and (tones. I have here given but a very (hort and

general account of them. In the hiftory of faline mat-

ters, we (hall give all thofe particulars concerning

them which cannot be conveniently or advantageoully

introduced here. •

SECTION
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SECTION II,

CHAP. I.

/

Of Saline Subjlances in general; their CharacleriJUcs,

Nature
,
and the Method of arranging them.

SALINE fubftances, of which there are a very con-

fiderable number, pofiefs peculiar properties by

which they are diftinguifhed from thofe which we have

hitherto been examining. The properties which have

been employed by chemifts as charadteriftics of faline

matters, are fuch as leave their real nature fomewhat

uncertain : being common to many other bodies be-

lides falts, they extend this clafs of fubftances far' be-

yond its juft limits. Tafte and folubility in water,

which have been always given as charadteriftics of fa-

line fubftances, belong to many bodies which are not

faline ; as for inftance, to all mucilages and animal

matters. Thefe two properties again exift in a very

low and imperfedt degree in feveral faline fubftances,

Naturalifts have not been more accurate in their defi-

nitions of falts : the tranfparency and cryftalline form

which many naturalifts have confidered as peculiar to

3 ,



Saline Subjlances. 301

1 them, belong equally to many other matters, efpecially

I

J earths, while fome falts are quite deftitute of them,

'i Macquer has, therefore, afferted, with great truth,

that the true limits which divide faline matters from

other claffes of fubftances are not well known.

Yet as we mujl take fame fide, and form fome deter-

minate notions concerning the properties of thefe mat-

ters, we fhall take a general view of them, before

proceeding to the hiftory of each particular fait.

We acknowledge as faline fubftances, all fuch as pof-

fefs the greater part of the four following properties :

1. A flrong tendency to combination, or affinity of

compofition: 2. A ftronger or fainter tafte : 3. A great-

er or a lefs tendency to folution : 4. Abfolute incom-

buflibility. Before proceeding to confider each of

thefe properties by itfelf, we muft obferve, that in pro-

portion as a body contains more or fewer of them, and

thofe in a greater or lefs degree, it is more or lefs of a

faline nature. From this, however, we muft not con-

clude, that matters poffeffing thefe properties but in a

very faint degree are not faline. Were we to admit

fuch a principle, we ftiould expofe ourfelves to frequent

errors
;

as it fometimes happens that two falts, which

in a folitary ftate poffeffed thefe properties in a very

low degree, afford ftill fainter indications of them
after being combined. In fuch cafes recourfe muft;

be had to chemical analyfis, which, by feparating the

fubftances, will render their chemical properties more
obfervable.
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§ I. Tendency to Combination conjidered as a Character-

iflic property of Salts.

different fubltances. Among falts we find the moil

adtive bodies in nature, capable of forming an infinite

number of combinations, by entering into union with

others. Chemifts have, therefore, always made moll

ufe of faline matters
; fome of which they have honour-

ed with the names of folvents and menjlrua. Yet this

tendency to combination is far from being the fame in

all falts. Some of them pofiefs it in fo ftrong a degree,

that they corrode and deftroy, or dilfolve whatever

touches them, even vitrifiable and quartzofe Hones not

refilling their attacks ;
fuch is the power of many of

thofe pure falts that are known by the names of acids

and alkalis. Others, though not polfelfed of fuch a

force of combination, unite readily with many bodies.

Lallly, there are fome among them, whofe tendency to

combination is but very trifling, and fcarce fuperior to

that of earthy matters. But the caufe why, in thefe lat-

ter, the tendency to combination is fo fmall is, their

being in a great meafure faturated, as is obfervable of

molt neutral falts. After this, we cannot well be iur-

prifed that falts are fcarce ever found in a pure or foli-

tary Hate in the bowels of the earth.

falts have a tendency to combine with many

6

§ 11 .
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§ II. Tajle confidered as a GharaSteriJlic of Salts.

'"JpASTE has been always confidered as fo effential a

property of faline fubftances, that feveral philofo-

phers have confidered them as the only bodies in na*

ture poflefled of this property, and the principle of all

tafte. Though this opinion be not demonftratively

certain, as there are many bodies, fuch as metals,

which have a difcernible tafte, though not faline,

while, again, feveral faline fubftances have fcarce any

tafte
;
yet it mult be acknowledged, that molt falts pof-

fels the property of tafte
;
and this property is there-

fore to be confidered as one of their leading character-

iftics. The tafte of falts, like their other properties, is

different in different fpecies. In order to underhand

aright on what circumftances it depends, and whence
the caufes of its varieties, we mult firft endeavour to

diftinguifti what conftitutes the peculiar nature of this

property. By tafte, we ufually underftand an impref-

fion made on a certain organ which nature has given

us for .the purpofe of diftinguifhing by it fome material

body, and from which we judge of that body as ufeful or

noxious, and determine either to make ufe of it or re-

je£t it. It is therefore the adtion of the fapid body on

the nerves of the tongue and palate of animals, which
informs them that one fubftance may be of ufe, or an-

other hurtful to them. But can this property of bodies

affect only the nerves of the tongue? will it not adt with

equal force on the whole nervous fyftem ? Thofe who
are acquainted with the phaenomena of the animal oe-

conomy, that the adtion which conftitutes tafte or fapi-

ditv.
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dity, muft affed all the other nerves, and mull always

be proportioned to the fenlibility of the fubjcds and

the organs on which it operates. This idea of talle

naturally leads us to think, 1. That this quality of

bodies will make almoll no impreffion on fuch parts of

the body as have "but few nerves, or of which the

nerves have but little fenfibility, on account of their

being covered ; as on the Ikin where they are defended

by the reticular membrane and the epidermis. 2. 1 hat

this quality of bodies will ad with the moll energy on

thofe organs in which the nerves are largeft, moll nu-

merous, and of a form the moll proper for receiving an

extenlive contact, and a violent emotion from falts

;

the epidermis being fo thin as to leave the nerves al-

moll naked. The fuperior furface of the tongue, the

roof of the mouth, and all the innert part of the

mouth in general, are fufceptible of the fenfation of

talle, from avail number of bodies which make no fuch

impreffion on the lefs delicate fenlibility of the other

parts of the Ikin. 3. That bodies which have no taile

and no power of affeding the Ikin, may notwithlland-

ing this ad upon organs which are more delicate, and

have nerves of greater fenlibility, fuch as the llomach

and the intellines.

Admitting thefe fads, we may dillinguilh talles and

fapid bodies into three daffies, under which all the

faline fubltances that we are to examine may be ar-

ranged. The firlt clafs comprehends fuch falts as have

the llrongell talle, and affed the Ikin in the moll fen-

fible manner. The impreffion of thefe falts is fo pow-

erful, that it occations a very lively fenfation of pain v

and wdiere its adion is continued for fome time, it

entirely deltroys the organization and texture of the

Ikin. This property is called caujlicity, and the falts

which
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which poflefs it are named caujlics. The fecond clafs

confifts of falts which have a milder tafle, and ailed: only

the nerves of the organs through which we receive that

a fenfation : thefe are diftinguiflied from one another by
names expreffmg the feveral impreflions which they

make on thofe organs
;
fuch as bitternefs, aftringen-

cy, acidity, acridity, urinous tafle, &c. To the third

clafs we lhall refer faline fubftances, the tafle of which

is fenfible only to the flomach and the intellines
;
but

the number of thefe halts is very fcanty.

Some obfervations are neceffary on the mutual rela-

tions of thefe feveral claffes of halts. It is firft to be ob-

lerved, that between thofe which polfefs the peculiar

properties of any of the three daftes in the weakefl,

and thofe which poflefs the fame properties in the

flrongell degree, there are many varieties ;
there arc

flronger and weaker cauftics ; home inilantly deflroy

the texture of organized fubftances, others require a

coniiderable time to produce that effed. The fame

fad may be oblerved of bitter, aftringent, or urinous

halts, as well as of thofe which ad only on the nerves

of the ftomach. Secondly, When we confider thefe

varieties of the feveral clafles, we are naturally led to

think, that all taftes are but different degrees of the

fame property, from that of the ftrongeft cauftic fait to

that of the faline fubftance, whofe adion is fcarce fen-

fible to the nerves of the ftomach. This obfervation

implies, that all taftes adually depend on the fame
caufe, and participate of the fame principle.

We cannot adopt an happier method for diftinguifli-

ing the caufe of tafte, than to confider that tafte which
is the ftrongeft of all, obferve its phamomena, and at-

tend to its adion. Caufticity mull therefore be the
fubjed of our confideration : a property which has
always attraded the curiofity of che mills. Lemery, ob-
Vol. I. U ferving
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Serving that very hot bodies were ufually very cauftic,

and that all falts pofleffing the property of caufticity

have been ftrongly heated before acquiring it, afcribed '

this property to the particles of fire lodged in cauftic

bodies. M. Baume has implicity adopted Lemery’s

opinion. Meyer, an apothecary of Ofnaburgh, made a

feries of refearches into the nature of cauftic falts, and

formed a very plaufible theory, which was at fir ft

warmly embraced by a number of chemifts, but is no

longer mentioned with the refped which it once ob-

tained. He attributed caufticity to a principle which

he confidered as a compound of fire and a peculiar

acid : this, in imitatiop of the ancient chemifts, he

named cauflicum
,
or acidum pingue. He traced it thro’

its various combinations, as Stahl had done with phlo-

gifton. But his fyftem has the fame defed with

Stahl’s ; the exiftence of his caujlicum has not been

demonftrated. Dr Black, by a feries of experiments

on the fame matters which Meyer examined, has level-

led the levereft blow againft his theory
;
proving, by

rigid demonftration, that lime and alkalis, inftead of

deriving their caufticity from a fat acid principle, be-

come acid in confequence of lofing a fait, to be af-

terwards mentioned under the name of the Carbonic

Acid.

Macquer has undeniably been the moft fuccefiful

inquirer into the caufe of caufticity. The dodrine

which he lays down on that article in his Chemical

Didionary is fo plain, and fupported hy fuch conclu-

iive fads, that we cannot refufe aflenting to his opinion.

After obferving that cauftic bodies deftroy and corrode

pur organs, by entering into combination with the

principles of which they are compofed, he remarks,
'

'
tb.at
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that in proportion as this combination takes place, the

cauitic gradually lofes its ftrength, and becomes ablo-

lutely deltitute of caulticity, when it has dilTolved as

much oi the animal matter as its force and quantity

are equal to. Thus the lapis caujlicus, or pure fixed

alkali, gnaws and corrodes the fldn when applied to it

5

but lofes its corrolive and folvent power when it ceafes

to act on that organ. This fait really ads by a chemical

power, for it exerts its force even on the infenfible Ikin

of a carcale
;

as M. Poulletier has fhown by accurate

experiments, and on all animal fubllances in general.

Caulticity therefore depends on tendency to combina-

tion; and the fenfations with which it affeds our or-

gans are occafioned by the combination of the cauitic

with the matter of which the organs are compofed. In

the fame manner a cauitic lofes its virtue in the labo-
/

ratory, by combining with any fubltance with which it

has a ltrong affinity ;
and in a word, the caulticity of

a body is always in the proportion of its tendency to

combination. That fait which has the fainted talle is

already faturated with fome fubltance
;
and by fepara-

ting it from that fubltance,' we caule it to regain a

talte, Itronger or weaker,, according as the reparation

is more or lefs complete. The whole hifcory of faline

matters concurs to fupport this opinion, as will appear

in what follows.
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§ III. Solubility confidered as a Characlerijlic of Salts.

C^Olubility in water has been given by all chemihs

as one of the moil, eminent charadlerihics of falts

;

yet this property, like take and tendency to combina-r

lion, is fubjedl to varieties. Some falts poffefs it in

fueh a degree, that without very long and refined pre-

cedes, it is impoffible to feparate them entirely from

water. Others are not fo extremely foluble, and the

degrees of their folubility may be precifely afcertain-

ed ;
as, for inhance, molt neutral falts. Laftly,

There are fome faline fubllances, whofe tendency to

folution is fo faint and indihindt, that they feem to dif-

fer more in nature from the other clalfes of falts than

from earths and hones ;
and all falts of this character

have been by mod naturalihs confidered as earths and

hones. It is indeed extremely difficult to fix the

precife limits between thefe two clafies of mineral bo-

dies
;
and chemifts have not as yet agreed in determin-

ing them. Mr Kirwan, in his mineralogy, fpems to

have adopted Bergman’s opinion
;
who thinks that all

fubllances are to be confidered as earths, which require

more than a thoufand times their own quantity of wa-

ter to maintain them in a hate of folution, while all

fuch as are foluble in a fmaller proportion of water,

fhould be dihinguifhed as falts. Were this propofition

generally received among chemihs, as I think it well

deferves to be, that diverfity of opinions and terms

which has hitherto prevailed on this point might be

avoided ;
and they have a diredl tendency to render

the
» » *.•

i



Saline Subjlances. 309

tiie feience more obfcure and perplexing to begin-

ners.

The relation which I have taken notice of, as fub-

fifting between the tafte and the folubility of falts, is

precifely the fame with that which fublilts between tafte

and tendency to combination. The caufe of thefe

relations may be eafily underftood by obferving, that

folution ih wrater is a real chemical union of a fait

with a fluid, and muft therefore depend on the fame

laws with tafte and tendency to combination. In fact,

the more tafte and folvent force a fait has, the more
readily does it diflolve in water. This law holds in-

variably with regard to all faline matters, and even

depends on their nature and eflential properties.

§ IV. Incombujlibility confidered as a Characierijlic

of Salts,

It is more difficult to form a determinate idea of this

fourth than of the three preceding charadteriftics of

faline matters. No chemift has as yet confidered thefe

fubftances under this point of view. A number have

even thought, that fome falts, and among others nitre,

are actually combuftible.

In order to fee clearly that this is a miftake, and

that all mineral faline fubftances are abfolutely incom-

buftible, the ftudent of chemiftry muft have a much
fuller knowledge of the properties of thofe fubftances,

than he can have acquired from perufing the foregoing

part of this work. However, as we think this one of

the mod eflential and important characteriftics of falts,

1 U 3 we



3i° Saline Subjlances.

we fliall here give a fhort view of the dodrine which

we are induced to advance on this head, and which

will be fully illultrated and incontrovertibly eltablilh-

ed, in our particular examinations of faline fub-

ftances.

It appears from M. Lavoilier’s fine experiments, that

many combultible matters form by their combultion

peculiar acids. Combultion, as above explained, is

nothing but the combination of the bafe of vital air,

or the oxigenous principle with combultible bo-

dies. Every body which has been completely burnt,

that is, which has been faturated with the oxige-

nous principle, returns into the clafs of incombu-

Itibles
;

or what is juft the fame, its tendency to

combine with the oxigenous principle is fatisfied, and

it cannot unite with a new quantity of oxigene, or

abforb any more of it. This being admitted, it plain-

ly follows, that, as a number of falts are refidues

of various combultible bodies, and even an entire clafs

of faline fubltances are found to have oxigene for one

of their principles, and exhibit the charaderiltics of

fubltances which have been expofed to combultion,

thefe cannot be any longer fufceptible of combultion.

A numerous train of fads, which fliall be hereafter re-

lated, concur to j uftify thefe alfertions: they prove falts

To be compound bodies, molt of them formed by the

union of certain combultible bodies wdth the oxigenous

principle. From this it is eafy to underhand that in-

combuftibility deferves to be regarded as one of the

moll certain and invariable charaderiltics of faline

matters. We hope that this will be completely de-

monitrated of the clafs of acid falts, when we come

to enter particularly into the hiltory ‘of thofe fnb-

flances.
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Yet there is one clafs of falts which, though evi-

dently compound bodies, are not known to contain any

portion of the oxigenous principle : all the alkalis are

of this clafs. But thefe are either compounds of in-

combuftible bodies, or if fome combuftible matter en-

ters into their compofition, as we lhall have occalion

to obferve of ammoniac or volatile alkali, it is united

with fome fubftance evidently incombuftible, which

hinders the combultibility of the other matter from

being obferved.

§
V. Of the general Nature and Compofition of Sflirt6

Matters.

gTAHL, after Undying the nature of falts with much
attention, was perfuaded that they were generally

formed of earth and water. He collected all that che-

mical refearches could fupply to fupport and illultrate

his theory. But fince that illuftrious aera of chemical

fcience has been fuceeded by one hill more illuftrious,

for both the multiplicity of the refearches profecuted,

and the importance of the difcoveries which thefe have

produced
; Stahl’s theory, which is very perfpicuoufly

explained in the works of Macquer, is no longer fuffi-

cient to explain the nature and compofition of falts.

We are no longer content' with thofe remote analogies

which forced the moft difcordant fadts into an unnatu-

ral union, and bewildered the underftanding by exhi-

biting to it illuftve lights. Philofophers now choofe

rather to confefs their ignorance, than to advance ill-

founded theories, which may fooner or later be refuted

by experiment.

U 4 Ab
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Although the chemical nature of falts be not yet en-

tirely known, and fads allow us not to agree' with
fome of the moil eminent philofophers, in acknow-
ledging one faline principle as the bafe and element of
all falts

;
yet the component principles of this Angular

and numerous clafs of fubftanees are fomewhat better

known now than formerly. We know that mod of

them contain a very confiderable quantity of the oxi-

genous principle
; which principle is fixed in fome

combudibfe matter. This has been fully fhown to be

the compofition of a number of acids
; and wre have

the ftrongeft reafon from analogy to conclude, that

mod other falts of that clafs have the fame character.

Water, though not one of the immediate principles of

falts, is often found united to them, and has a drong
affinity with them. As to the matter of fire confider-

ed as phlogidon, which fome of the mod eminent che-

mids have admitted as a component principle in falts,

the nature and exidence of that matter are too uncer-

tain to admit of our adopting any determinate opinion

in reipect to it. The cafe is not the fame with the ca-

loric principle
; it feems evidently to conditute one of

their component principles
;
in fome, however, it exids

in a much fmaller proportion than in the red, which
appear in general to owe to it their fluidity, fufibility,

and volatility. The exidence of earth in any confi-

derable number of falts has never been experimentally

demond rated. We know only that all the faline bo-

dies which nature exhibits, are mixed with a larger or

a fmaller quantity of various earthy fubdances. But
thefe, properly fpeaking, do not belong to them

; they

form no part of their compofition, and may be faid to

be only acceffories. i lie only fubdances at prefent ac-

knowledged as general principles of faline matters, are

ieveral

/
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feveral combuftible bodies, the oxigenous principle, a

few incombuftible matters, and the caloric principle.

It is well known that molt acids are refidues of burnt

bodies, and contain oxigene and combuftible matter

combined together in various proportions. Whatever

more has been advanced in treatifes on chemiftry con-

cerning the nature of falts, is nothing but ingenious or

ridiculous hypothelis, unfupported by any folid bafis of

facts.

5 VI. Of the Divijion and Arrangement of Mineral

Saline Matters.

^HE falts belonging to the mineral kingdom are very

numerous. A number of them are products of

nature, formed by the adlion of fire, water, and air,

and by the diflolution of organic matters. But moft

of thofe which are employed in chemiftry owe their

formation to art, or at leaft have not hitherto been

found among the produdts of nature. In order to give

a methodical view of the hiftory of thefe fubftances, we
fhall divide them in the fame manner as ftones, into

orders, genera, and fpecies. All faline matters may be

arranged under two orders.

The firft contains thofe faline fubftances which have

been named fnnple,
and which we ftiall diftinguifh by

the name of primary falts,
becaufe they ferve as prin-

ciples to thofe of the fecond order.

The fecond confifts of the fecondary, compound, or

neutral falts. Thefe are formed by the combination of

two



314 Saline Subjlances.

two or more of the former order, and are of confe-

quence much lefs limple than they.

Each of thefe orders fliall be divided into feveral

genera, and thefe again into fpecies.

Nine genera, and eighty-fix fpecies of fimple and

compound falts together, are at prefent known to exiit

in the mineral kingdom; and thefe we fiiall fucceffive-

ly examine *.

* There are three falino-terreous fubftances, three acids, and ten

mineral acids. Thefe laft, united with aluminous earth, with the three

falino-terreous bafes, and with the three alkalis, compote 70 compound

or neutral falts. A.

CHAP.

%



CHAP. II.
S

Of the three Salino-Terreous Sub/lances

Order I. Simple or Primary Salts.

E give the name offimple orprimaryfalts to thofe

matters which were formerlyknown by the name
offimple/alts, and are Hill fo called by fome chemifts. As
it has been Ihown by fair experiments that moil of them

are really compounds, therefore the title of fimple falts

cannot with any propriety be applied to them, except

when they are compared with' the falts of the fecond

order. The name ofprimary falts feems the moll fuit-

able for diftinguilhing them, becaufe they form by

combination thofe neutral or compound falts which we
call fecondary. We fhall divide this order into three

genera, falino-terreous fubftances, alkalis, and acids.

The examination of the firft will occupy this chapter;

in the two following we fhall give the hiftory of alka-

lis and acids.

genua of the fitft order of fimple or primary faline matters. A.

Genus

* The title of this chapter is the general denomination of the firft

I
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Genus I. Salino-terreous Subjlance.

By this name we denote three fubftances which have

been hitherto regarded as earthy matters, but whofe

properties plainly fhow them to be more properly fa-

line *. As thefe fubftances poffefs the diftinguilhing

properties of falts, in conjunction with the charaCter-

iftics of earthy matters, yet, difplaying the latter in

a lefs eminent degree ; we therefore rank them before

the falts, tiling them as a link of connection between

falts and earths : They differ alfo from earths as ha-

ving a Itronger tendency than thefe to combination,

as will appear from an examination of their proper-

ties.

It is proper to obferve, that in our examination of

thefe falino-terreous matters, as well as in our account

of the primary falts, we fuppofe them pure and folitary,

though they be never found lo in nature; and we avoid

mentioning the methods by which they are obtained,

from a defire not to break through that elementary or-

der which we have determined to follow through the

courfe of the work. When we come, in the hiftory of

neutral falts, to give an account of their decompoli-

tion, we will then have occafion to defcribe the me-

thods by which chemiftry feparates thofe fubftances,

as well as the Ample or primary falts, fo as to afford

them pure.

This firft genus contains three fpeeies of falino-terre-

ous bodies.

Species

\

* We have already given fome account of them in lithology ; but

then only as making a part of natural hiftory. A.

*
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Species I. Barytes.

The firft name of this fubftance was ponderous earth,

given it by the Swedifh chemifts Gahn and Scheele,

who difcovered it in ponderous fpar : Bergman and

Mr Kirwan have already given it the Latin name ba-

rytes. Its ipecific gravity, according to Mr Kirwan, is

forpething more than 4000. Nature no where affords

this earth in a pure but always in a combined ftate.

It was firft difcovered and diftinguiflied as a peculiar

earth by the chemifts above-mentioned. Meffrs Mar-
graf and Monnet had obferved it, but confounded it

with abforbent or calcareous earth. Ye . the laft of thefe

chemifts had obferved it to poflefs fome peculiar pro-

perties, and fufpected it to be an earth of a different

nature from lime. Its properties, in a pure folitary

ftate, have not as yet been very accurately examined :

its combinations have been more ftudied; and what

molt eminently diftinguifhes it from other analogous

fubftances, is its very lingular affinities, and the falts

which it forms by combination with acids.

Pure barytes, obtained by means which fhall be a£-

terwards defcribed, appears under a pulverulent form,

very fine and white. I have never found it to affedl

the tongue with any difcernible tafte.

It is not yet known whether this fubftance be liable

to alteration from light.

The ordinary fire of our furnaces does not reduce it

to fufion : But if heated in a clay crucible, it commu-
nicates a blue or greenifh colour to the crucible, and
aftumes itfelf a flight tinge of the fame. This pheenome-

pop feems to arife from its power of re-adion on clay.

M,
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M. d’Arcet fays, that it melts when expofed to a very

violent heat in a clay or iron crucible.

When expofed to the air, it acquires an acceffion of

weight, and combines, though very flowly, with the

carbonic acid contained in the atmofphere : the effetds

of vital air upon it are unknown. We are equally ig-

norant of the manner in which the oxigenous and the

azotic principle aft upon this faline earth. The azotic

is perhaps one of its condituent principles.

It difiolves in water, but not without difficulty; for

900 parts of that fluid are requiflte to diffolve one ol

barytes. Water thus faturated gives a pale green co-

lour to the tinfture of violets *, and dill more readily

to that of mallows or radifhes. This folution, when

expofed to the air, is covered with a thin pellicle ; and

if dripped of it, a new one is produced. This phseno-

. menon is owing to the carbonic acid in the atmofphere:

the fame thing"happens to lime-water, though in a lefs

eminent degree. The folution, when evaporated in

clofeveflels, leaves a refidue of barytes ;
and the weight of

the refidue aflords a proof of the folubility of that fub-

dance. It is almod unneceflary to obferve, that in this,

as in all other procefles of the fame nature, diddled

water is to be ufed.

Barytes acls but very feebly, either by the humid

cr the dry way, on liliceous and aluminous earth f

.

Yet

* By tinflure of violets, we mean a folution of the colouring part

of vioiet flowers in water. This tinfture when newly made is preferable

to the fyrup of violets, as being much ealier affefted. But the fyrup

may be employed in all inftances in which the faline matters under ex-

amination aft with a determinate energy ; and we Ihall therefore often

mention it inftead of the tinfture. A.
•j- We muft here obferve, that in order to give a regular account of

the
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Yet it facilitates the fufion of thofe earths, and affumes

a blue or greenifh colour when heated with the latter of

them. Barytes is lefs copious in nature than either of

the other two falino-terreous fubftances; but it is pro-

bably more copious than it is thought to be. Former-

ly, it was not known to exift in any body but ba-

ry tic fulfate or ponderous fpar ;
it was fome time fince

found in England, combined with the carbonic acid,

and crystallized like a tranfparent fpar. That fait will

be afterwards defcribed. Some modem chemifts think

it to be a metallic calx or oxide. Its weight, that of

the compounds into which it enters, and the precipi-

tate which it affords, when a folution of it with an acid

is mixed with an alkaline pruffiates, made Bergman
long fufped it to be of that nature. We are told, that

M. Gahn, a fcholar of that celebrated chemift, has ac-

tually obtained the barytes under a metallic form; but

this fad: needs confirmation. Its nature therefore is

Hill unknown
; becaufe w7e have never yet been able

to feparate its principles, or imitate its compofition.

I fufpect, as I have already hinted, that the azotic

principle, or the bafe of mephitic air, is one of its com-

ponent parts.

Pure

the reciprocal action of bodies on each other, no combination of any two

bodies is mentioned till after thofe two have been deicribed. Thus in

the hiftory of barytes, I have mentioned only the manner in which it is

affecled by light, by the caloric, the oxigenous, and the azotic prin-

ciples, by water, and by filiceous and aluminous earth, becaufe none

but thefe have as yet been defcribed. As we advance in the hiftory of

(

natural fubftances, we (hall learn all the combinations of which it is

fufceptible. Thus we fliall both preferve our order inviolate, and

communicate all the neceffary information concerning the matters of

which we treat. A.
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Pure barytes is not applied to any ufe> folutions of it

in water in acids are ufed as re-agents, as we fhall elfe-

where have occafion to obferve.

Species II. Magnejia.

That magnefia which is obtained from Epfom fait,

or fulfate of magnefia, and which is likewiie found in

mother water of nitre, and in a great many ftones, &c.

is no where in nature to be met with in a ftate of pu-

rity, but always combined with acids. Dr Black is- the

firft chemift who has accurately determined the diftinc-

tion between it and lime.

This fubftance, which is obtained by methods to be

afterwards defcribed, appears under the form of a very

fine white powder, refembling meal both in appearance

and to the touch. Its gravity, according to Kirwan, is

about a. 33. It has no tafte fenfible to the tongue
;
but

it affeds the ftomach as a gentle purgative. It commu-

nicates a pale green to the tindure of violets and mal-

lows, and caufes turnfol to affume a blue colour. The

manner in which light affeds magnefia is not well

known : it cannot be very powerfully.

According to the experiments of M. d’Arcet, this

fubftance does not melt when expofed to a ftrong heat.

Macquer too obferved, that it remained unaltered in

the focus of the burning lens of the garden Be /’Infante.

M. Morveau heated magnefia for two hours in the

ftrongeft fire that can be produced in Macquer’s fur-

nace, with the fame effed. M. Butini, a citizen of

Geneva, who has publiflied fome valuable experi-

ments on magnefia, has obferved, that violent ignition

pontrads and condenfes magnefia in fueh a manner as

to
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to render it capable of attacking and corroding an iron

furface. We are informed that a fmall cube formed ot

a pafte of magnelia and water, and expofed to the focus

of Parker’s lens, was fuddenly contracted in all its di-

: mentions. This property feems to indicate a rela-

tion between magnelia and aluminous earth
;
which

I two fubltances are often found combined together in

nature, as was obferved in the hiltory of fteatites, af-

beltos, and ferpentines, &c.

Magnelia, though heated in a retort, lofes not the

portion of water which it contains : but when fubjeCt-

ed to this procefs, it acquires a very difcernible phof-

phoric quality, as has been obferved by M. Tingry,

apothecary at Geneva. It fuffers no alteration from air

till after being long expofed to it. M. Butini kept ten

grains of calcined magnelia in a porcelain faucer cover-

ed with paper, in a dry room, for near two years ; the

only change which it differed was by gaining one-

eighth of a grain of additional weight. It appears that

this Tub fiance combines flowly with the carbonic acid

diffufed through the atmofphere.

It dilfolves in water but imperfe&ly and with great

difficulty. Four ounces and two drams of pure water,

after Handing three months in a bottle, with a dram of

calcined magnelia, and being boiled together with that

fubllance, afforded M. Butini, by evaporation, a red-

due which he eftimated at one-fourth of a grain-

Mr Kirwan fays, that 7692 times its own weight of

water is neceffary to dilfolve it in the ordinary tempe-

rature of the atmofphere
; that is to fay, at about 6o°

of Fahrenheit’s thermometer. Notwithftanding this

averllon to folution, magneda forms a kind of pade
with water : that pafte, indeed, is not duClile, but

brittle
; and the water is readily feparated from it by

Vql. I, X, the
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tlie action of fire, or even of the dry atmofphere. A fo-

lution of magnefia has ho fenfible tafte
;
and it produ-

ces but a very trifling alteration on the colour of fyrup

of violets.

We are not yet well acquainted with the manner in

which magnefia acts on pure earths. We know,

however, that it does not vitrify with either filiceous or

aluminous earth feparately ;
but when heated with

both together, it is fufceptible of tufion.

Its adtion on barytes has not yet been examined.

The intimate nature of magnefia is not better known

than that of barytes. It has never been fhown by ex-

periment to be a modification of fome other faline fub-

ftance, as fome chemifts have imagined it to be
;

for

magnefia has not yet been either feparated into prin-

ciples by analyfis, or imitated by a lynthetic procefs.

In the prefent ftate of chemiftry, therefore, it is to be

confidered as a fimple fubftance.

Pure magnefia, which Dr Black calls caulic
,

is ufed

in medicine as an abforbent and purgative. For heart-

burnings and other complaints occafioned by acidity, it

is preferable to common magnefia: becauie the carbo-

nic acid which this laft contains is difengaged in the

primary pafiages by the acids, and produces flatulen-

cies with all that train of complaints which accom-

pany them : it preferves flelh for a long time, and even

reftores putrefied bile. Bergman afcribes to it like-

wife the property of rendering camphor, opium, refins,

and gum-refins, foluble in water, and of forming fome

valuable dyes ;
though cauftic magnefia be fcarce fo-

luble in water. Thefe preparations are unknown in

France.

Species
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Species III. Lime.

Quicklime is a white fubftanCe, of more confiftency

than the two preceding matters : it appears in the form

of a grey white ltone. Its tafte is hot, acrid, and u-

rinous
; it pofiefles this property in fo confiderable a

degree as to inflame the Ikin when applied to it. Its
'

fpecific gravity is about 2.3 ;
its form pulverulent and

friable
;

it is found in places adjacent to volcanoes

;

as M. Monnet has obferved on the hills of Au-

vergne.

Lime turns fyrup of violets green, giving it a much
more intenfe colour than it acquires from either ba-

rytes or magnefla : indeed* it almoft deftroys the ori-

ginal colour, and in a fhort time produces in its dead

a dirty yellow.

Lime, w7hen expofed to a ftrong fire, fuch as that of a

glafs-houfe, remains unaltered
; and, in a folitary ftate*

it is not fufceptible of fufion. Parker’s burning- glafs ap-

pears to have brought it to the beginning of fuilon

;

but the lime was placed on a fupport of charcoal.

When heated in a clay crucible, its edges fometimes ap-

pear to melt; but this phenomenon is occafioned by its

acting on the earth of the crucible.

When expofed to the adtion of the air, lime fwells,

breaks, and falls into powTder
;

it then increafes greatly

in bulk, and is called lime Jlakecl in the air. Thefe

phenomena are more remarkable, and take place more
rapidly when the air is in a humid Hate. Thi9 dry fla-

king produces heat
; and the dilatation is fo confider-

able as to burft calks, or other wmoden veflels in which
lime may be contained. After being flaked with air,

this fubftance appears under the form of a very fine

X 2 * white
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white cluft ;
it has acquired a very conftderable increafe

of weight, and its tafte is become much fainter. Thefe

phenomena are occaiioned chiefly by the water con-

tained in the atmofphere, and the force with which the

lime tends to unite with it. And by heating lime which

has been flaked with air in a retort, till it becomes red-

hot, water is obtained, and the lime returns to its ori-

ginal date.

Water adds very powerfully on quicklime. Pour a

fmall quantity of that fluid on a quantity of lime, the

water is inftantly abforbed ; and the mafs of lime ap-

pears as dry as before
;
but it foon burfts and breaks

into pieces. The heat excited in it by this operation

is fo ftrong, as to produce a remarkable hilling noife

:

the water is reduced to vapour of a peculiar fmell,

which communicates a green colour to paper tinged

with mallows. The lime foon falls down to a powder;

and the heat, motion, and fmoke, gradually difappear.

If the procefs is performed at night, in a place perfe£lly

dark, a great many luminous points are obfervable all

over the furface of the lime. All thefe phenomena de-

pend on the activity with which this falino-terreous

fubftance unites with water. But, in order to produce

them, rve mull employ but a very fmall portion of the

fluid ;
only fo much as the lime can abforb without ap-

pearing wet. It appears that the heat difengaged from

thefe two bodies, when they combine with fuch rapi-

dity, changes their ftate ;
and that the lime, when

flaked, and reduced to a ftate of pulverization, contains

Water ’in a dry and folid form. This dry ftate of w^ater

which takes place in many of the combinations in

which heat performs a part, and produces folid com-

pounds, whofe fpecific heat is lels than that of the bo>-

dies of which they are formed, has not yet fufticiently

en-
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engaged the attention of chemifts ;
indeed it has been

but lately obferved. When lime has abforbed as much
water as it can contain, without becoming wet, it is

then called dry flaked lime

;

water no longer excites any

heat in it, and only diffolves it without producing any

; very difcernible motion. By mixing lime with a proper

quantity ofwater, we obtain milk of lime; and by add-

ing fo much water as may be neceffary to effedt a com-

plete folution of this falino-terreous matter, we produce

a liquor perfectly tranfparent. Mr Kirwan fays, that

about 680 times its weight of water is neceffary to

maintain it in folution at the temperature of 60°.

This folution, which is known by the name of lime

water, is clear and limpid. It is but very little heavier

than common water, has an acrid urinous tafte, com-

municates a deep green to fyrup of violets, and even

produces upon it an entire alteration of colour. Lime-

water, when evaporated in clofe veffels, affords very

pure water, leaving a relidue of quick-lime at the bot-

tom of the veffels : But this relidue needs to be very

ftrongly heated, in order to feparate entirely the water

which Hill adheres to it : After which that fluid excites

heat in it in the fame manner as before its folution.

Lime-water, when expofed to the air, is covered

with a dry pellicle, which becomes gradually thicker

and more folid. If the firft pellicle be taken off, a fe-

cond is formed, and this procefs may be repeated till

all the water be evaporated. Thefe pellicles have been

improperly termed cream of lime. This was formerly

thought to be a peculiar fait, formed by the union of

the fmelt calcareous earth wuth water ; and much has

been written concerning this pretended fait of lime.

But it is now well known from the experiments of the

celebrated Black, that the cream of lime poffeffes fa-

X 3 line..
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Jine properties lei's adtive than thofe of lime, and that it

Is a peculiar neutral fait formed by the combination of

lime, with a certain acid contained in the atmofphere

and the cream is never formed on lime-water, except

when it is expofed to the air. We will elfewhere examine

this fait under the name of carbonate of lime or chalk.

The manner in which the oxigenous and the azotic

principle affect lime is not yet known ; it is probable

that this bafe abforbs and fixes fome part of azotic gas,

£nd at leatt contains the bafe of that gas.

Lime combines with filiceous earth in both the humid

and the dry way if faiid be mixed with lime newly flak-

ed, or with quick-lime fprinkled with a fmall quantity of

water at the time of mixing, the two bodies become

confident, and form what is called mortar. This mix-

ture is liable to many varieties ;
from the ft ate and

quantity of the quick-lime, the qqantity of water with

which it has been flaked, the circumftance of the fand

being mixed with it at the inftant of its flaking, or not

till fome time afterwards
\
and from the fize, the

roundnefs, the inequality, the mqiftqre, or drynefs

of the fand *. Mortar is alfo compofed of clay baked

into bricks, and of puzzolana, which is nothing but

clay baked by yolcanic fire, and altered by the contadt

of the air.

Though lime, as well as filiceous earth, be abfolutely

jnfufible by itfelf
;
yet if thefe two fubftances be heat-

ed together, the former in a greater proportion than

the latter, they are fufceptible of fufion, as has been

pbferved by Meffrs d’Arcet and Gerhard. Lime like-

wife melts with a quantity of aluminous earth equal to

pne-third of its own weight
j
and Mr Kirwan fhows,

that

^ See Recherchea par M. de la Faye, fur la preparation que les

romaiqs donnoient h la phaux; Pafis 1777*8; premiere et feconde

pajj'Lie. A.
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that it has a greater affinity with this than with lili-

ceous earth. A mixture of all the three fubftances

melts ealier and more completely than a mixture of

lime with any one of the other two. Thus one part of

lime and one of aluminous earth will occafion the fu-

lion of two parts, or even of two and an half of liliceous

earth. From this fact we underftand why fo many
Clones, apparently hard, icintillating, and quartzofe,

melt notwithilanding, when expofed to a ftrong fire.

The combination, or even the mixture of calcareous

earth and clay-, with liliceous earth, occalions this phe-
nomenon.

It is not yet known in what manner lime acts on ba-

rytes.

One part ofcalcareous earth produces thefufionof one-

half part of magnelia. The glafs formed by this mix-

ture, in fire completely difiolves and reduces to fufion a

quantity of liliceous earth equal to the quantity of the

lime. Accordingly, equal parts of magnelia, lime,

and filiceous earth, when expofed to fire together, af-

ford a perfect glafs.

The intimate nature of lime is unknown. The firll

chemifts who attempted to explain by phyfical reafon-

ings the phenomena which lime difplays in its combi-

nations, and efpecially when flaked, afcribed them to

the fixation of particles of fire in the calcareous Hone

during its calcination. Such was Lemery’s theory,

Meyer was of opinion that pure fire was not fufceptible

of fuch a combination, and that there was a peculiar

acid which combined with it in the lime. This fubtle

kind of fulphur was the acidum pinque
,

or caujlicum of

that chemiit. But this doctrine, which has fince been

repeatedly offered to the world under different names,

is overthrown by a feries of experiments clearly de-

X 4 monltia-r
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monftrating its falfity. Many modern chemifts think,

that the matter of heat is combined in lime
;
and that

by its difengagement during the flaking of this fub-

ftance, the light obferved by Meyer and M. Pelletier,

the ebullition and the evaporation of the water, as well

as the peculiar fetid odour exhaled on the occafion, are

produced. It appears, however, from what has been

laid, that the principles and compofition of lime are

Hill unknown. Some very diftinguifhed naturalifts

have thought it to be in all probability a certain pre-

paration of liliceous or aluminous earth effedted by the

organs of animals ; but that is by no means certain. It

is furely, however, formed by marine animals
; its con-

flituent parts are certainly united and combined under
water during the life of thofe organic beings

; and the

azotic principle is certainly one of its conftituent parts

:

Yet all this is infufficient to determine the opinion of

modem naturalifts, who require accurate and repeated

experiments.

Lime is made ufe of in many of the arts; more efpe-

cially in building. In medicine, lime-water is fuccefs.-

fully pr.efcribed in ulcerous cafes, &c. It has been
thought a powerful lithontriptic. But long experience

has fliown, that it does not always operate the cures

expected from it
;
and that where the ufe of it is too

long continued, it produces on the animal fluids an al-

teration approaching to fcurvy or fepticity.

C II A l\
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CHAP. III.

Genus II. Alkali Salts.

^JLkalis come to be treated of before acids, becaufe

they appear to be more fimple and lefs decompo-

fable, and becaufe they refemble in fome properties

the falino-terreous fubftances. They have an urinous

burning cauftic tafte : they turn fyrup of violets green,

excite heat in uniting with water, abforb both the

moifture and the carbonic acid ofthe atmofphere, and
diflolve earths by the ftrength of their tendency to com-
bination. Three fpecies of alkalis are known

; potafh,

pr vegetable fixed alkali
;

foda, or mineral fixed alkali;

and ammoniac, or volatile alkali.

Species I. Potajh.

This fpecies, which we denominate potajh, has been
called 'vegetable

, fixed alkali

;

becaufe, though often
met with in minerals, it is found in greateft abundance
in vegetables. It has likewife been named alkali of
tartar, becaufe a confiderable quantity of it may be ob-

tained
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tained from that faline fub fiance
; which will after-

wards come under our examination. Dr Black was

the fir ft who difcovered potafti in a ftate of puri-

ty. Formerly this fait was called caujlic fixed alkali
,

to diftinguifli it from common fixed alkali.

This fait, in a ftate of confiderable purity, is white

and of a dry folid form
;

its fapidity is fo ftrong, that

it diffolves the texture of the Ikin. It communicates

inftantaneoufly to the fyrup of violets a deep green

colour, much more obfervable than that which lime

caufes it to aftlime. It alters, and almoft entirely de-

ftroys this colour, changing it to a brown yellow.

We know not in what manner light affects this

fait.

Potafti, when expofed to the action of fire in clofe

veflels, is inftantly foftened, and by the time when it

begins to appear red, becomes entirely liquid. If it

be then poured on a fmooth hard furface, it cools into

a white, opaque, brittle mafs. It is not decompofable

by heat. A moft intenfe heat, fuch as that of the fur-

nace of a glafs-houfe, is requifite to volatilize it. In all

of thefe operations it diffolves part of the clay veflels in

which it is contained.

When expofed to the open atmofphere, it attradls

moifture ftrongly, diffolves into a liquid, and gradual-

ly pafles into the ftate of a neutral fait, by abforbing

the acid diffufed through the atmofphere. For this

reafon, it acquired on fuch occafions an increafe of

weight, and becomes capable of eftervefcing with a-

cids
;
which never takes place when it is in that ftate

of purity in which we have fuppofed it. lo preferve

it pure, therefore, it muft be kept in clofe veflels en-

tirely full of it.

Potafli diffolves very readily in water
j

it then ex-

cites
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cites a confiderabLe degree of heat, and exhales a fetid

lixivious odour. The folution of it is colourlefs ;
and

when very pure it affords no precipitate. To feparate

it from the folvent the folution muff be evaporated to

drynefs in clofe veffels. If this operation be performed

in open veffels, the acid of the atmofphere is attracted,

and renders the pot-afh effervefeent. And this abforp-

tion takes place fo readily
;
that if a folution of this fait

be expofed to the open air for ever fo fhort a fpace of

time, it fuffers an alteration, and is in fa£t neutralized.

In a flafk which it does not entirely fill, and which is

frequently opened, it is liable to the fame alteration.

The a&ion of the oxigenous and the azotic principles

on this alkali is not known.

Potafli combines with filiceous earth in the dry way,

qnd caufes it to melt together with itfelf: the two com-

pofe a tranfparent body, known by the name of glafs.

This body is liable to varieties from the various pro-

portions in which the filiceous fand and the fixed al-

kali are united in it. Two parts of the fait with one

of earth afford a foft brittle glafs, which attra&s moi-

flure, and becomes at length opaque and fluid. This

glafs is foluble in water, on account of its containing fo

much more than an equal proportion of alkali. The
folution is called liquor offlints. It at length depofites

part of the earth which it contains in white femi-tran-

fparent flakes, apparently mucilaginous, and fo light

that they fubfide but very flowly. Acids feize the

alkali, and precipitate the earth, which is called earth

of flints. But to make this procefs fucceed, care mull
be taken that the liquor of flints be not too much di-

luted by the water. In that cafe, the particles of the

earth being too much divided, remain fufpended in

fhe liquor, and evaporation is requiflte to produce the

preci-
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precipitate. Several chemifts are of opinion* that earth
of flints is not the fame with filiceous earth

; on which
they think the alkali has produced an entire^lteration.

They think it to be more like aluminous earth, and
believe that by combination with acids, it affords the
fame falts which are obtained by combining acids with
aluminous earth. Such was the opinion of Pott and
M. Baume. But Scheele has Ihown, that that portion
of the earth precipitated from liquor of flints, which is

foluble in acids, is part of the aluminous earth of the

veffel in which the operation is performed, diffolved by
the mixture of alkali and filiceous earth.

The art of making glafs is entirely chemical, as glafs

is nothing but a combination of fixed alkali with fili,

ceous earth. The purity, the proportion, and the com-
plete fufion of thefe two fubftances by a fire fufficiently

intenfe, and kept up for a proper length of time, are

the three conditions requifite for the preparation of
glafs, of a proper tranfparency, of fufficient hardnefs,

and liable to no alteration from the attacks of air. We
fhall afterwards learn what other fubftances are mixed
with thefe two in this compofition, in order to ren-

der the glafs more weighty and tranfparent, and to

communicate to it feveral other properties which
render it fitter for the purpofes to which it is ap-

plied.

Potalh a&s not with the fame force on alumi-

nous as on filiceous earth : but the phenomena which
it exhibits, when applied to it, are not yet well

known.

This fait appears to be fufceptible of combination

with barytes, magnefia, and lime. But its combina-

tions with thefe fubftances have noUyet been fo accu-

rately
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rately examined as to admit of our giving a particular

account of them here.

Although potafh has never yet been decompofed ;

yet a number of fads with which the reader fhall be

hereafter made acquainted, concur to fhow that it is

not a limple fubftance. Stahl, who confidered fimple

falts as a combination of earth and water, thought that

fixed alkali differed from the acids only by containing

a greater proportion of earth : and in this manner he

accounted for it's drynef9, &c. Potafh, in all proba-

bility is a combination of the three preceding earths

with the azotic principle. Some analogies lead me
to think that it contains lime. But this conjec-

ture is not yet fupported by a fufficient number of

fads.

Potafh is ufed in furgery to corrode the fkin, and

produce inflammation and fuppuration in certain cafes.

Species II. Soda.

This faline fubftance, which exhibits the fame gene-

ral charaderiftics with the foregoing, has received the

name of mineralfixed alkali: It is found in abundance,

combined with a peculiar acid fait in fea-water, and in

fome fpring-waters: fometimes too it is met with in ve-

getables, but much feldomer than the foregoing. This

fait has been called marine alkali,
from its making a

part of marine fait
;
and alkali, or fait of fioda, becaufe

it is ofteneft obtained from that fubftance. We prefer

the fimple name offioda.

The tafte of foda is equally ftrong and cauftic with

that of potafh. It turns the fyrup of violets green, and

produces the fame alteration as the other on that co-

lour:
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lour : it appears naturally in a dry and folid form. It

melts in fire as it begins to become red-hot : a violent

heat volatilizes it : it adts on almoft all the veflels in

which it can be expofed to heat.

When expofed to atmofpheric air, it attracts its

moifture, and the peculiar acid which it contains • fo

as to become gradually a neutral fait. The manner in

which it is affedted by the oxigenous principle and vi-

tal air is not yet known.
It diffolves in. water with heat* and the difengage-

ment of a fetid lixivious odour. It cannot be obtained

pure after this folution but by evaporation in clofe vef-

fels. The lixiviate, when expofed to the air, readily

abforbs its acid, and becomes neutral. Therefore, to

preferve it pure, it mull be kept in clofe veflels.

Soda readily combines ' with filiceous earth in the

dry way, fo as to compofe glafsi Glafs-makers have
even obferved it to be more fufible, and to adhere
more readily and firmly with this earth than potafh

;

to which they on this account prefer it. And therefore

what was faid above concerning the ufe of potafh in

glafs-making, may be applied to foda. Lafily, this

alkali, as well as potafh, combines with acids' and a

great many other bodies, as we fhall afterwards under-
Itand.

After this account of the properties of foda, we mud
obferve, that there is no very remarkable difference be-

tween potafh and foda when both are in a ffate of pu-
rity. It is only in their combinations that the diffe-

rence of their natures can be diflinguifhed. When
combined with the fame acid, they afford neutral falts

totally different from each other
;
and this is the more

furprifing, becaufe it is impoflible to diftinguifh the one
from the other when they are in a pure cauftic date,

as

3ES2B
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as we have here examined them. Bergman adds ano-

ther difliiicSlive property of thefe falts which is well

worth knowing
;
they have not the fame affinity with

acids. Potaffi has a ftronger affinity with thefe faline

fubftances than foda
;
and is capable to decompofe

neutral lalts, conlifting of combinations of the latter.

We (hall take’ farther notice of this when we come to

examine fecondary or neutral falts.

-The compofition or intimate nature of foda is equally

unknown with that of potaffi. The fame analyfes lead

me to think that foda, as well as potaffi, is a combina-

tion of an earth with the azotic principle
;
and that it

is the difference of the earthy bafe which forms the

charadteriftic difference between the two falts. Mag-
nefia is poffibly the bafe of foda, as I' have for fome

years hinted in my ledtures, and M. Lorgna has fince

attempted to prove. But the fadts on which this' opi-

nion is founded, are not fufficiently exadt and nu-

s merous to juftify our confidering it as a certain truth.

As to its ufes, it is employed in making glafs, in pre-

paring foap, &c.

Species III.

What we call ammoniac is a fait commonly known
by the name of volatile alkali. It is diftinguiffied from

the two foregoing falts by a keen fuffocating fmell and

a remarkable volatility. This fait, like the fixed al-

kalis, was not known in a (late of purity before the

ingenious experiments of Black and PrielUey. A cer-

tain imperfedt neutral fait was miftaken for it, which
is folid and cryftallized, and poffeffes indeed fome of

the properties of volatile alkali, but is really a com-

pound

5
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pound of two faline fubflances. The property of ef;

fervefcing with acids, which has been afcribed to vola-

tile alkali, belongs only to that neutral fait, which fhall

be afterwards defcribed.

That which is known in the laboratory under the

name of cauflic, or jluor volatile alkali, and in phar-

macy by the name of volatile fpirit of fal ammoniac, is

not pure ammoniac
; it is only a folution of ammoniac

in water. Dr Prieftley has fhown* that by the opera-

tion of a gentle heat, a permanent gas may be extract-

ed from it ; and that the water, when deprived of this

gas, gradually lofes its alkaline properties. This aeri-

form fluid is ammoniac, and is known by the name of

ammoniac gas. This is the body whofe properties wTe

mult examine, if we wiflri to know thofe of genuine

volatile alkali

;

as Macquer has very properly obfer-

ved.

To obtain this elaftic fluid* put into a fmall retort or

a glafs matrafs a certain quantity of the alkaline fpirit.

Adapt to the retort, or the matrafs, a curved tube or

fyphon
;
the extremity of which is to be immerfed

into a pneumato-chemical machine filled w7ith mer-

cury
;

fo that it may *be received under an inverted

glafs filled with the fame fluid. Heat the bottom of

the retort or matras with burning charcoal or the

flame of fpirit of wine. Suffer the firfl part of the ela-

ftic fluid, which is moftly common air from the veflel

and the tube, to efcape
;
and as foon as the ebullition

becomes ftrong, colled! the gas in the inverted glafs.

The diflillation mull not be carried fo far as to evapo-

rate. the water
;

or at leafl: the tube which is ufed

ftiould in the middle fwell into a bowl that may be

kept cool, fo as to condenfe the vapour: the ammoniac
gas will then be obtained very dry and pure.

The



337Sailfie Sub/lances.

The gas thus obtained refembles air, and has the

fame tranfparency and elafticity. It is rather lighter,

however; its fmell is more penetrating
;
and its tafte is

acrid and cauftic. It inftantly converts the blue co-

lour of violets, mallows, and radilhes, into a deep

green, but does not alter it, as the pure fixed alkalis do.

It kills animals, and corrodes the lkin, if expofed for

any time to its contact.

Though it does not ferve to maintain combuftion, but

extinguilhes bodies in- inflammation, yet it increafes be-

fore extinguishing the flame of a wax-candle : it ren-

ders its bulk Somewhat more conliderable, and caufes

it to afume a pale yellow colour round the edge.

This facl proves that ammoniac gas is partly inflam-

mable.

Porous bodies, fuch as charcoal, fponge, &c. ab-

forb it.
•

'

Dr Prieftley has difcovered, that the eleftric fpark,

in palling through ammoniac gas, renders its bulk

three times greater than before, and difengages from it

a portion of hydrogenous gas. The caufe of this phe-

nomenon is hitherto unknown
;
only it appears that

the ammoniac is decompofed in this- experiment, and

that the two matters, of which, as we fliall prefently

lhow, it is compofed, are feparated, and pafs into the

Hate of elaftic fluids.

Ammoniac gas is one of thofe elaflic fluids which
heat dilates the molt. Atmofpheric air does not

combine with this gas y it only dilates and divides it.

'Phe action of vital air on this fluid has not yet been

examined.

Water readily abforbs ammoniac gas : if in the ftate

of ice it immediately melts with cold
; but on the con-

trary, this gas communicates heat to fluid water. Wa-
Vo*.L 1 Y tey
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ter faturatcd with this gas, or liquid ammoniac, is the

fubflance known by the name of fluor and cauflic vo-

latile alkali . We fliall hereafter fee that thepureftand

mod concentrated volatile alkali is prepared by recei-

ving the gas into diftilled water till the liquid be fatu-

rated with it.

Ammoniac gas has no difcernible action on earths

or lalino-terreous fubftances
;
but it acts vigoroufly on

acids and a number of neutral falts, as we lhall here-

after fee. liquid ammoniac has the fame properties

as the gas
; only it poflefies them in a lefs eminent

degree : For the gafeous aggregation being, according

to one of the laws of affinity, much weaker than

that of liquids
;
of confequence, ammoniac gas mult

have a greater tendency to combination than liquid amr

moniac. •
'

This fait has been confidered as a combination of

fixed alkali with a combuftible fubflance. What
gave rife to this conjedure was, that, in many inftan-

ces, fixed alkalis, when heated with inflammable mat-

ters, produce ammoniac. But it was not known whe- *

ther, on fuch occafions, fixed alkali entered entire in-

to the compofition of ammoniac, or only fupplied a

peculiar principle, which, by combining with part of

the combuflible matter, formed this fait. The nature

of ammoniac is at prefent fomewhat better known.
The fine experiment of Dr Prieflley, in which he

changed alkaline into inflammable gas, by means of

the eledri’c fpark, has made feveral chemifls fufped
this la ft fubftance to be one of the principles of ammo-
niac. M. Berthollet having engaged in a particular

feries of experiments with a view to determine this,

has at length fhown ammoniac to be a compound of

the
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the hydrogenous and the azotic principles, with a cer-

tain quantity of the caloric. He has drawn this in-

duction from obferving the adion of oxigenated mu-
riatic acid on ammoniac, the decompofition of am-
moniacal nitrate in clofe velfels, and the reduction of

metallic oxides by means of ammoniac. Each of

thefe faCts ftiall be particularly examined in our lii-

ftory of the compound fubftances into which ammo-
niac enters. Here we will content ourfelves with ob-

ferving, that by heating combinations of the oxides

of copper and gold with ammoniac, water and azotic

gas are obtained, and the metals are reduced. In fuch

operations the ammoniac is decompofed, and its hydro

-

gene combining wdth the oxigene of the metallic ox-

ides, forms the water
;
the metals are left pure, and

the azote, the other principle of ammoniac, beco-

ming free, combines with the caloric, and the two

are difengaged in azotic gas. Berthollet concludes

ammoniac to con fill of fix parts of azote and one of

hydrogene, with a certain quantity of caloric.

Ammoniac diluted in water is adminiftered in a ffreat
I

O

many difeafes. It is aperient, and powerfully incifive.

It ads ftrongly on the Ik in
;

it is prefcribed as a remedy
for the bite of vipers, and for cutaneous and venereal

complaints, &c.

As it is acrid and cauftic, it is to be very cau-

tioufly applied. Externally applied, it is very fer-

viceable in difcufiing tumours, efpecially fuch as are

formed by coagulated milk, lymph, &.c. I have
prefcribed it fuccefsfully in thefe cafes : it is a ready

.cure for burnings
;
and is often fuccefsfully applied

for chiblains, &c. It has been long ufed, and un-

der a variety of names, as a moll adive ftimulant in

Y 2 cafes
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cafes of fyncopc, apoplexy, &c. But it Ihould be

ufed in very moderate quantities in thefe latter cafes

;

it is dangerous to adminifter it internally, unlefs di-

luted in a large quantity' of water. Alarming exco-

riations have fometimes been produced on the dud

of the asfophagus and the membranes of the fto-

mach, in cafes where it has been ralhly admini-

itered.

CHAR

i

£
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Genus III. Acids.

ACIDS are known by their four tafte when di-

luted in water
;
they convert blue vegetable co-

lours to red
;
many of them appear under a gafeous

form ;
they combine rapidly with alkalis

; they ad
much more powerfully than alkalis on combuftible'bo-

dies, often reducing them to a fiate of calcination. As

inflammable matters, efpecially metals, are found to

contain a confiderable quantity of oxigene after they

have been expofed to the action of acids, while thefe

again are found to have paflfed at the fame time into

a combuftible ftate
\
from thefe fads it may be in-

ferred that acids are by no means the Ample bodies

they were thought to be, but are in general compounds

of an inflammable matter, combined with the oxige-

nous principle.

We are acquainted with ten different fpecies of

acids in the mineral kingdom. We find alfo, in the

fame divifion -of nature, the phofpboric acid, united

with iron, lead, and lime.

The carbonic acid.

The muriatic acid.

Y 3 The
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The fluoric acid.

The nitric acid.

The fulphuric acid.

The boracic acid.

The molybdid acid.

The tunftic acid.

The arfenic acid.

The fuccinic acid.

We fhall here treat of the firft fitf, which are mod
plenteous and bed known; the other four will be exa-

mined elfewhere.

i

Species I. The Carbonic Acid.
%

. k

'

N
'

We give the name of the carbonic acid to an acid

which occurs in great abundance through the whole

of nature, and which appearing often in the ftate of

an aeriform fluid, was at firft called by the Eng-
lilh fixed, air ; afterwards by Meflrs Bewly and de

Morveau the mephitic acid j by Macquer mephitic

gas ; by Bergman the aerial acid j and by Bucquet
the cretaceous acid. The propriety of the denomi-
nation which we have adopted will afterwards ap-

pear.

ft his fubftance was not always thought to be an

acid. Its leading properties were obferved by Paracel-

fus, Van Helmont, Hales, &c. But we are indebted

to Meflrs Black, Prieftley, Bewly, Bergman, and the

Duke de Chaulnes for our knowledge of its acidity.

The gafeous' carbonic add poftefies all the appa-
rent charadleriftic properties of air. Like air, it is in-

vifible and elaftic; and when inclofed in a glafs veflel,

cr floating in the atmofphere, it cannot be certainly

diftin-



Acids. 343
. • .

• » *? i

tliftinguilhed from that fluid. It is one of the prin-

ciples of atmofpheric air, but the mod fcanty in the

compofition *. It is found perfedlly pure in fubter-

raneous cavities, which it entirely fills, as in the

grotto del cane. It is combined with a great number
of natural bodies, filch as mineral waters and many
neutral falts ; fpirituous fermentation produces great

quantities o'f it. It is alio formed by refpiration and the

combultion of coals : Laftly, it is conftantly exhaled

from all parts, and more efpecially from the leaves, of

plants in the lhade.

Though this acid, in the: Hate of an elaftic fluid, has

all the appearance of air, yet it poflefles different phy-

fical properties
;

its fpecific gravity, for inftance, is

double that of air. Like ail other fluids, it may be

poured from one veffel into another
;

it flows from the

cock of a wine-cafk, after the wine is drawn oft’
;

its

tafte is pungent and fubacid
;

it is inftantaneoufly fatal

to animals, becaufe it affords no fupply for refpiration ;

it extinguifiies flaming tapers, and all bodies in com*
bullion. It communicates to the tindlure of turnfol a

bright red colour. That colour vanifhes gradually in

the air as the acid evaporates. It produces no altera-

tion on the colour of violets, as it adts but very feebly

on very deep and fixed colours.

This acid has but a very faint tendency to combina-

Y 4 tion 5
%

* M. Lavoifier’s ingenious experiments have led him toconfider at-

mofpheric air as a compound of vital air, carbonic acid, and azo-

tic gas, moll commonly in the following proportions.

Vital air, - * - - 27
Carbonic acid - - - - t

Azotic gaa - - - - 72

Total ICO
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tion
;

the weakeft indeed of all bodies of the kind.

It. fuffers no dilcernible alteration from the contad of

light.

Heat dilates it, but produces no change on its na-

ture.

It mixes with vital air without differing any altera- -

tion ; and the mixture will maintain refpiration as

long as the carbonic acid does not exceed a third part

of it. On this account, it admits of being ufed as a

remedy in difeafes of the lungs. v

It combines with water but very flowly. By fha-

king thefe two fluids together, fo as to bring them as

much as poflible into contad with one another, they

are made to unite and form an acidulous liquor. Berg-

man gives this folution the name of aerated water.

But this name belongs more properly to water con-

taining atmofpheric air, which it may ferve to diftin-

guifli from boiled water that has been deprived of

its air by heat. The colder water is, the more of the

carbonic acid does it diflolve. But there is a point

of faturation
; even the coldeft water cannot abforb a

greater quantity than what is equal to its own bulk.

Water faturated with carbonic acid is fomewhat hea-

vier than diftilled water. Agitation makes it fparkle

;

it has a pungent, acidulous tafte, and reddens the tinc-

ture of turnfol. It is decompofable by heat
; which

foon brings it to a hate of ebullition, and difengages

the elaftic acid. The contad of air produces the fame
efted more rapidly in proportion as its temperature is

liighei*: Therefore, in order to preferve this acidulous
liquor, it mult be inclofed in veffels properly flopped,
and Handing in a cool place, or under ftrong compref-
iion. '

1 his acid folution abounds through nature. Of it

acidulous
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acidulous and gazeous waters, fuch as thofe of Pyrmont,

Seitz, &cc. confifl.

As this acidulated water is a remedy in all putrid

diforders, either by drinking or bathing, naturalifts

have invented an apparatus for impregnating with eafe,

and with all poffible quicknefs, any quantity of water

with as. much of the carbonic acid as it can maintain

in folution. Dr Prieflley, in the year 1772., gave the

flrft account of a procefsfor acidulating water that was

offered to the public. Dr Nooth has invented a ma-

chine for this purpofe, which has been improved by Mr
Parker, and dill farther improved by Mr Magellan.

It is at prefent to be found in all philolophical labora-

tories. There is an excellent defcription, and an en-

graving of it, in Dr Priedley’s Experiments on the dif-

I

ferent kinds of Air, p. 1 12 to p. 118 ;
and in Mr Ma-

gellan’s letter in the fame work, vol. v. page 83.

The carbonic acid does not ad upon filiceous earth.

It is well known that acidulated water alone never cry-

dallizes filiceous earth
;

a fad 'which was fome years

fince communicated to the public.

The carbonic acid unites with aluminous earth, ba-

rytes, and magnefia. With thefe fubdances it forms

various neutral falts, which we fiiall afterwards have

occafion to examine.

The combination of this acid with lime didolved in

water, gives rife to an invariable phenomenon, which

always indicates the prefence of the acid. As foon as

it touches the liquid, it produces white clouds, which

foon thicken and form a plenteous- precipitate. Thefe

clouds are owing to the chalk, or carbonate of lime,

formed by the combination of lime with the carbonic

acid. This new fait not being foluble in pure water,

is feparated, and fubfides to the bottom of the fluid.

- Lime
l
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Lime water is therefore a teft, by which we may di-

ftinguifh the nature and the quantity of the acid under
examination. If, after this precipitation, more of the

acid be added, the precipitate will again be diffolved

by the additional quantity of the carbonic acid, and
will difappear. Here is a fecond chara&eriftic by which
this acid may be known. The chalk thus diffolved by
the addition of a fecond quantity of the carbonic acid,

is again precipitated when the liquor is heated or ex-

pofed to the air, or laftly, by all precedes which carry

off the fuperfluous quantity of carbonic acid. Thus,
I have remarked, that the cauftic fixed alkalis and
pure ammoniac, when poured into a folution of chalk

with the carbonic acid, caufe a precipitation by abforb-

ing part of the acid.

Acidulated water, if poured into lime-water, produ-

ces upon it precifely the fame effedts.

The carbonic acid combines rapidly with the three

alkalis. If a fmall quantity of pure cauftic fixed al-

kali, in a liquid ftate, be put into a veffel filled with

this acid, obtained from chalk or from beer in a ftate

of fermentation, and the mouth of the veffel be‘ imme-
diately clofed with a wet bladder, the bladder will be

feen to contradt gradually, on account of the vacuum
produced in the veffel by the alkali abforbing the car-

bonic acid. The combination of thefe two falts is at-

tended with heat
;
and the fides of the veffel are foon

covered with cryftals which become gradually larger.

This fait is called carbonate of potaflo, or carbonate of

foda, according as the one or the other of thefe fixed

alkalis is employed. Thefe two genuine neutral falts

were formerly called fait of tartar
,
and fait offoda.

V* e fhall examine their properties in the following-

chapter.

Am-
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Ammoniac gas, and the aeriform carbonic acid,

brought into contact in a dole veflel, alfo produce in-

Ita itaneoufly a vacuum, heat, and a thick white cloud

which forms into regular cryftals, or limply into a

cruft, on the lides of the veflels. This is an imperfed

neutral fait, to which we may give the name of ammo-

niaccil carbonate, and which was formerly called con-

crete volatile alkali, Englijh fait, &• c.

The carbonic acid does not adhere to all of thefe

bafes with the fame force. According to Bergman,

barytes is the lubltance with which it has the greatefh

affinity ;
next in order come lime, potafli, foda, mag-

nelia, and ammoniac. We will have occalion in the

hiftory of neutral falts to take notice of the fails on

which Bergman has eltablilhed this order of affinities.

The nature and compofition of this gafeous acid have

for fome years much engaged the induftry of chemilts.

Prieftley, Cavendilh, Bergman, and Scheele, feem to a-

gree in thinking it a compound of vital air with phlogi-

llon. But as the exillenceof that principle has been with

reafon quellioned by a number of celebrated French che-

mifts, who have urged many difficulties and objedions a-

gainll it, to which no fatisfadory anfwer can be given, we
cannot therefore admit of this theory. I once thought

that the carbonic acid might be a compound of in-

flammable gas with pure air : but the difcovery of

the nature and the decompolition of water renders that

conjecture improbable •, and M. Lavoilier has fupplied

in its room a fad fupported by demonftrative evi-

dence.

That chemift, to whom the fcience is indebted for

fo many ingenious and nice experiments, burnt a cer-

tain quantity of charcoal, deprived of all its hydroge-

neous gas by a previous calcination in clofe velfels, in

3 inverted
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inverted glaffes, filled with mercury above a portion of

vital air : for he had obferved, that if the operation

were performed without the precaution of calcining

the coal, drops of water would be obtained, and would
neceflarily render the calculation inaccurate. This o-

pcration was performed by means of a quarter of a

grain of agaric tinder, placed on a bit of coal, and co-

vered with a. very fmall quantity of phofphorus : a

piece of iron wire bent, and made red hot, pafled thro’

the mercury, fo as to kindle the phofphorus; the phof-

phorus communicated the inflammation to the agaric

tinder, which again communicated it to the coal
;
the

inflammation was very rapid, and accompanied with

much light. The whole apparatus being cold, M. La-

voifier introduced into the glafs a portion of liquid cau-

flic fixed alkali ; which abforbing the acid formed du-

ring the combuflion, left part of the vital air as pure as

at the beginning of the experiment. Ibis chemift is

of opinion, that in this experiment the oxigenous prin-

ciple, which by combining with the caloric former vital

air, produced a portion of the carbonic acid, by com-
bining with the matter ofthe coal, while the other prin-

ciple of the fame vital air was difengaged under the form

of heat and light. A portion of allies remained
; and

the quantity of the acid formed, was equal in weight

to the vital air confumed and the weight which the

coal had loft. From a number of experiments of this

kind, M. Lavoifier concluded, that a quintal of the car-

bonic acid,, the name of which the reader may now
perceive to be founded on its nature, eonfifts of a-

bout 28 parts of pure carbonaceous matter, and 72 of

oxigene.

He thinks, that in the refpi ration of animals, a real

carbonaceous matter is actually difengaged from the

blood,-
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i blood, which, by combining with the oxigene of the

jgj
atmofphere, forms the carbonic acid, which is conftant-

: ly produced by refpiration
;
and that in the fame man-

ner the carbonic acid, difengaged in fpirituous fermen-

tation, is produced by the combination of the carbona-

ceous matter of fugar with the oxigenous part of water.

Several philofophers have obferved, that this acid, in

a Hate of fluid elafticity, poflefles the property of pre-

ferving animal fubftances, retarding their putrefaction,

and even reftoring them to a found and freflr Hate

after putrefaction has begun to take place. From
this fact Macbride has inferred, that the acid u-

nites with the body, thus reftoring to it what it

loft by putrefaction. This latter phenomenon, in

his opinion, is occaftoned by the natural decom-

pofttion of organic matters, and the diflipation of

the carbonic acid they contain, which he calls fixed

air ; and therefore he affects the ufe of this acid to be

indifpenfably neceflary, in order to afford animals a

fupply of what they are fo conftantly lofing, and to re-

ftore the fluids when altered by motion and heat. He
acknowledges the exiftence of this acid in frefh vege-

tables, more efpecially in fuch 3s are fufceptible of fer-

mentation ;
as a decodtion of barley which has been

fuffered to germinate, the infufion of raifins, &-c. all

of which, he thinks, may be with equal propriety pre-

feribed in difeafes occaftoned by the feptic motion of

the humours
;
fuch as the feurvy.

Water impregnated with the carbonic acid has been

alfo propofed as a remedy in putrid bilious fevers; and

has been ufed with fuccefs in a number of inftances.

The Englifh are faid to ufe the carbonic acid, mixed

in a low and unequal proportion with common air, in

difeafes of the lungs.

It has been ftrongly recommended as a lithontriptic,
‘

'

•

,
or
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or folvent of the {tone in the bladder. But there is no

well authenticated inftance of its being fuccefsfully

ufed in France againft this dreadful diftemper. Be-

fides, this is contradictory to what Scheele and Berg-

man have difeovered concerning the Hone in the blad-

der
;
of which we fhall elfewhere fpeak.

The newfpapers have given accounts of a number
of cancerous cafes cured in England by the ufe of

carbonic acid. But we can aflert, that we have often

feen it ufed in fuch cafes, and have even tried it our-

felves, Hill without effedt. After the firft: applications,

the cancerous ulcer feems to afiume a more favourable

afpedt ;
the fanies which ufually flows from it be-

comes white, confiftent, and fomewhat pure
;
the flefli

afiumes a frefh lively colour
;
but thefe flattering ap-

pearances are fallacious, and do not continue
; the ul-

cer foon returns to its former ftate, and its progrefs goes

on as before.

The period of the firft difeovery of this acid by Di-

Black is to be confidered as one of the moft illuftrious

aeras of chemical fcience. To point out the influence

of this* difeovery upon the fcience, we fhall here offer

the following remarks, i. It has made us acquainted

with a peculiar acid. 2. It has explained the caufe of

the effervefcence of the common alkalis, chalk, calca-

reous fpar, and rnagnefia, when mixed with acids

ftronger than themfelves. 3. It has enabled us to diftin-

guifh all alkaline matters as exifting in two ftates, pure

and caufiic, or foft, with the property of caufing effer-

vefcence. 4. It has thrown new light on the hiftory of

the eledlive attractions of ammoniac and chalk for the

acids. 5. It has furnifhed us with one of the firft in-

ftances of an acid preferring lime to the fixed alkalis.

6. The hiftory of places containing mephitic air, caverns

which
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which are initantly fatal to the life of animals, is be-

come iince this difcovery more limple and intelligible.

7. To the former analyfes of waters, we have been en-

abled to add by this difcovery an accurate knowledge

of gafeous, fpirituous, and acidulous waters; fo that we-
can now produce by rule the moll perfect imitations of

them. 8. It has likewile made us much better ac-

quainted with the folutions of iron contained in various

waters
; and has taught us how to make up martial

waters exactly refembling thole of nature. 9. It has

piade us acquainted with a new clafs of neutral falts,

alkaline and metallic, which have the carbonic acid

for one of their principles, and to which we lhall there-

fore give the name of Carbonates in this work. 10. It has

ppened a new tradt for the refearches of naturalill and
chemilts, and roufed that ardour for fuch purfuits, to

which we are indebted for all the line difcoveries which
have been made lince that period. The name of

Black will therefore be famous in the annals of che-

miltry as long as the fciepce lhall be cultivated.

As to the production of this acid by the eleCtric

fpark paffing through vital air, we mult obfervd, that

in the experiments of M. Landriani, the iron ufed as

the conductor of the eleCtric fluid, is evidently the

caufe of the phenomenon by means of the plumbago,

&.c. which it contains. The trilling quantity of the

acid obtained is an unequivocal proof of this.

There are, no doubt, many cafes in which the carbonic

acid is decompofed and refolved into its principles, as

well as other acids: Thus, for inltance, water faturated

W'ith this acid is much litter than diltilled or common
water for the production of vital air on leaves expofed

to the rays of the fun : the vegetable fubltance feems

fo abforb the carbonaceous matter, while the light,

adting
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ading like heat, contributes by feparating the oxi-

gene to the produdion of vital air. It is likewife very

remarkable, that certain oxides of iron, diflilled in a

pneumato-chemical machine, afford only carbonic acid

as they pafs to the ftate of rethiops or black oxide of

iron. This depends either on the carbonaceous matter,

or the plumbago contained in feveral kinds of iron.

The carbonaceous matter, by abforbing part of the

oxigene of the iron, forms the acid which is difenga-

ged. Thefe newly difcovered fads will be explained

more at length in fome of the following chapters of

this work.

Species II. The Muriatic Acicl.

In the laboratories, the name of marine acid, or/pi-

nt of fait, or liquid muriatic acid, is given to a fluid

of the confiftency of water, of a tafle flrong enough to /

corrode our organs when it is concentrated; but

which, when diluted in water, affeds the tongue only

with a fournefs and flipticity. This fluid, when per-
'

fedly pure, is abfolutely colouriefs. When it is red,

or citron coloured, like the marine fait of the fhops, it

owes its colour to fome combuflihle fubftance, fre-

quently to iron, which alters it. This acid is obtained

either from marine fait or muriate of ioda, as we fhall

fee in the hiilory of that fait. If flrong and concen-

trated, it exhales when expofed to the air a white va-

pour or fmoke- It has a lively penetrating fmell,

which when faint or much diluted, refembles the fmell

of citrons, or the apple called the golden rennet. It is

then called the fuming muriatic acid. Its vapour rifes

inofl copiouily when the air is moift. If, on opening

3
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a flafk full of this acid, you put your hand to its ori-

fice, you feel a fenlible heat
;

which is occafioned

by the combination of the acid in the Hate of vapour

with the water of the atmofphere.

The muriatic acid communicates a deep red to the

fyrup of violets, and all blue vegetable colours, but

does not abfolutely defiroy them. This liquor, how-

ever concentrated and fuming, is not muriatic acid

in a pure and feparate Hate
;
but muriatic acid com-

bined with a confiderabie quantity of water. Dr
Prieltley has eflablifhed this truth beyond a doubt, by

Hiowing that this acid may be reduced to a gas, and

rendered permanent in that Hate, over a portion of mer-

cury, by the temperature and preffiire of the atmo-

fphere : it is therefore the properties of this gas we
muH examine, if we with to acquire a knowledge of

thofe of the muriatic acid, unmixed and in a Hate of

purity.

The muriatic acid gas is obtained by heating the liquid

fuming acid in a retort, the extremity of which enters

a bell-glafs full of mercury. The gas being much more

volatile than the water, pafles through the retort into

the glafs; it difplays all the apparent properties ofcom-

mon air, but is more ponderous. It has a keen pene-

trating odour ; and is fo cauHic that it inflames the

(kin, and often occafions violent itchings. It fuffo-

cates animals, and extinguifhe.' the flame of a taper,

after magnifying it and caufing it to aflume a green

or bluifh flame round its edge. Spongy bodies abforb

this acid.

Light does not appear to alter it in any fenfible de-

gree. Heat rarefies it, and increafes it- elaflicity a-

mazingly. Atmofpheric air, mixed under bell-glafles

with muriatic gasj caufes it to aflume a fumy or va-

Vol. I. Z porous
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porous form, and is gently heated
;
from which it ap-

pears that a combination actually takes place. When
the air is humid, thefe vapours are more difcernible :

M. d’Arcet has obferved that they are not perceptible

on the tops of high hills, where the air is very dry. The
white vapours exhaled by the muriatic acid gas are

therefore owing to the water contained in the atmo-

fphere. Neither the liquid acid nor the gas abforbs vi-

tal air in a (late of elafticity, in any feniible degree

;

yet fome properties, which we (hall mention by and by,

enable them to combine with the oxigenous principle.

It is aiferted that the liquid muriatic acid may be cau-

fed to abforb a portion of vital air, by fhaking them

violently together.

The muriatic acid gas combines rapidly with water.

Ice, on coming into contact with it, inflantly melts to

abforb it. Water uniting with this gas acquires a

confiderable heat. When faturated with it, it cools

and becomes the fame with the liquid acid from which

the gas was obtained
;

it exhales white vapours, is co-

lourleis, reddens fyrup of violets, &c. We (hall after-

wards fee, that the mod concentrated and pure liquid

muriatic acid is obtained by faturating pure water with

the elaitic fluid.

The muriatic acid gas has no power of adlion on fili-

ceous earth ; it combines with aluminous earth, and

by that combination forms aluminous muriate.

It unites with the falino-terreous lubflances, forming

in combination with them barytic, the magnefian, and

calcareous muriates.

Its combination with potafh is the febrifuge fait of

Sylvius, or muriate of potafli : with mineral alkali or

foda, it gives marine fait, common fait, or muriate of

foda.

The
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The muriatic gas when brought into contact with

-the ammoniac gas, acquires a coniiderable heat. The
two elaftic fluids penetrate each other, a white cloud

inftantly rifes, the mercury is elevated in the glafles,

and the tides of the glafles are foon covered over with

ramified cryflals, which are fal ammoniac, or ammo-
niacal muriate. If the two gales are very pure, they

difappear entirely when the concretions are formed,

and the heat difengaged. This experiment among o-

thers proves, i. That bodies which pafs from a liquid

to a folid ftate, abforb in their transition a certain quan-

tity of the caloric principle, or the matter of heat; for

the caufie which converts the muriatic acid into a gas,

is its receiving an additional quantity of heat. 2. That
the heat abforbed by elaftic fluids, in their aerification,

is difengaged when they return to a liquid or folid

ftate. 3. That the elafticity of fluids is produced by

their absorbing and combining with heat
; and that all

aeriform fluids are compound bodies, which owe their

form to fixed heat, or the caloric principle, as we have

elfewhere Shown.

The muriatic acid abforbs the carbonic acid
; but

the reciprocal aCtion ofthefe two acids has not yet been

properly examined. The muriatic is known to be the

Stronger of the two ;
for it difengages the carbonic from

all its bafes, and enters itfelf into combination with

them. Bergman arranges its attractions for the diffe-

rent alkaline bafes in the following order, proceeding

from that with which it has the Strongest to that with

which it has the weakeft affinity : barytes, potafh, fo-

da, lime, magnefia, ammoniac, aluminous earth.

The intimate nature of the muriatic acid, and the

principles of its composition, are unknown. Beecher

imagined it to confift of fulphuric acid with mcrcu-

T 2 rial
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rial earth ;
becaufe he had obferved that acid to have

a ftrong affinity, and combine very readily, with all the

bodies in which he admitted the exiftence of this prin-

ciple, fuch as arfenic, mercury, &c. Stahl has not il-

luftrated Beecher’s opinion concerning this acid. And

among all the ingenious experiments of the moderns,

there is none which throws any light on the conftituent

principles of the muriatic acid. As itsbafe is unknown

to us, we cannot determine whether it admits of two

flates of faturation with oxigene ;
in one of which, the

bafe being completely faturated, the acid mufl be

ftronger, while in the other the bafe being combined

with a fmaller quantity of oxigene, the acid muft be

weaker, according to what has been oblerved of the ni-

tric, the nitrous, the fulphuric, and the fulphureous a-

cids. Even the exiftence of oxigene in the muriatic

acid has not yet' been fully evinced; it is only from

analogy that it has been admitted.

Scheele is the only chemift who has done any thing

of bonfequence on this head In the year I774>

made an important difeovery concerning the different

ftates in which this acid exifts. By diftilling a quanti-

ty of muriatic acid upon oxide of manganefe, he ob-

tained this acid in the form of a yeilowifh gas, of a very

pungent frnell, amazingly expanftve, and capable of

diffolving any metal with facility, mercury or gold not

excepted. He thought that, in this mftance, the man-

ganefe, which he imagined to be very greedy of phlo-

gifton, abforbed the phlogifton of the muriatic acid

;

and he therefore called this acid, after it had under-

gone this operation, dcphlogijlicatcd vicitinc cicid3 and

thought that it diffolved gold from its avidity to u-

nite with a new portion of phlogifton. No une-

quivocal experiment, however, demonftrated the ex-

iftence of the inflammable principle in this acid : and
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in the year 1780, I fufpefted that it was the bafe of'

vital air contained in the manganefe, which entered

into union with the muriatic acid
;

as may be feen in

the firit edition of my Elements under the articles A-

qua Regia and Manganefe,. i$c. M. Berthollet, my
fellow-academician, has fliown that conje&ure to be

a certain truth, by a feries of accurate and ingenious

experiments.

A diftillation of the muriatic acid on oxide of man-

ganefe, afforded him yellow vapours without the help

of fire. If the retort be heated, and thq vapours recei-

ved in flalks full of water, and immerfed in ice, a very

fmall portion of the acid is diffolved, but the water is

foon faturated
;

after the faturatiori of the water, the

reft of the gas affumes a concrete form, and falls in cry-

ftals to the bottom of the liquor. This fait melts, and

rifes in bubbles with the moft moderate heat.

The oxigenated muriatic acid in a liquid form, or

diffolved in water,- has, according to M. Berthollet, an

harfh though not an acid tafte; it whitens and de-

ftroys vegetable colours, without changing them firft in-

to a red ; it neither expels the carbonic acid from its

bafes, nor produces any effervefcence with alkaline

fub’ftances faturated with that acid; in fhort, itpoflefies

not the ulual properties of acids. If heated with quick-

lime, it effervefces, and gives out vital air, fo that the

remains is nothing but calcareous muriate
;
which is evi-

dently produced by the difengagement of the oxigene

with which the acid was faturated. The oxigenated mu-
riatic acid produces likewife an effervefcence when it

combines with pure ammoniac. Therefultof this combi-

nation is, on the one hand, water; on the other, azotic gas.

In this inftance, the oxigenated muriatic acid and am-
moniac are both decompofed

; the hydrogene, which is
r
L 3 one
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one of the principles of the ammoniac, unites with the

oxigene, with which the muriatic acid is fuper-faturated,

and by their union the water is formed
;
while again,

the azote, the other principle of the ammoniac, uniting

with the caloric, efcapes under an elallic form, and

produces the eftervefcent motion obferved in this expe-

riment. Laftly, the oxigenated muriatic acid converts

metals into oxides, and diffolves them without occafion-

ing effervelcence. It deftroys vegetable colours, as it

palfes into the Hate of common muriatic acid. All

thefe experiments prove, that Scheele’s dephlogiftica-

ted muriatic acid, is a combination of this acid in a pure

Hate, with the bafe of vital air, or the oxigenous prin-

ciple; and that its proper name is, aerated or oxigenated

muriatic acid, as I have fliown in my firft edition. M.
Berthollet has not yet determined what quantity of

oxigene the muriatic acid mult abforb, in order to ac-

quire the properties of oxigenated muriatic acid *. In

March 1787, he difcovered that oxigenated muria-

tic gas, received into a lixiviate of cauitic potafh, forms

a cryltallizable neutral fait, which, like nitre, or even

in a greater degree,, produces detonation on burning

coals
;
affording by the adlion of the fire very pure vi-

tal air, or oxigenous gas, and leaving a refidue of the

muriate of potalh. Thefe experiments concur to fup-

port the theory which I offered to the public feven

years fince, concerning the nature of the oxigenated

muriatic acid
;

for the detonation of oxigenated mu-
riate of potalh is plainly owing to its containing an

extraordinary quantity of oxigene. Soda forms on-

ly a deliquefeent fait with the oxigenated muriatic

acid.

The muriatic acid is made ufe of in feveral of the

arts,

* See Journ. de PhyJijue, tome xxvi. page 321, Mai 1785.
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arts, and more efpecially in the art of affaying in the

humid way *. In medicine, it is well diluted in wa-

ter, and adminiflered as a diuretic, an antifeptic, and

a cooler
;

it is the chief ingredient of the Prior de Cha-

brieres cure for ruptures. It is externally applied as

an efcharotic, to dellroy altered fleili, as a cure for the

gangrene in the throaty aphthae, &-c. Mixed with a

certain quantity of water, it compofes a bath for the

feet, ufed by fome people, and conlidered as a fecret,

for drawing the gout from the more vital to the infe-

rior parts.

But the oxigenated muriatic acid has been known
for too fhort a fpace of time to admit of its being much
ufed in the arts. M. Berthollet thinks that it may be

fuccefsfully employed for dilcovering in a few minutes

or hours, what effects the action of air would produce

on coloured fluffs, and thus determining the fixity or

alterability of the colours : he has of late recommend-

ed it for whitening linen and unbleached yarn : and

the firfl trials, which have been in Paris on a pretty

extenfive fcale, promife favourably. It may likewife

be advantageoufly employed for whitening in a fliort

time the yellow, and more efpecially the green wax
from our iflands.

Species III. The Fluoric Acid.

;

The fluoric acid, difeovered by Scheele, has recei-

ved this name becaufe it is obtained from a fort of

earthy neutral fait, with which we fhall afterwards

get acquainted under the name ofjluorfpar.
T 4 . This

* See Bergman, de Docimafia humida, Opufc. Vol. II. &c. Or
the Englifli tranflation of his Opufcula.
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This acid when pure has a gafeous form, and we

mull examine its properties as it exifts in that hate.
The fluoric acid is more ponderous than common air.

It extinguifhes lights and kills animals. It has a pun-
gent penetrating lmell, nearly the fame with that of the
muriatic acid gas, but rather lefs keen. Its cdufticity

is iuch that it corrodes the Ikin, however fhort the
ipace of time during which it is expofed to its con-
tact. It luffers no fenfible alteration from light. Heat
dilates it, but without changing its nature.

I he water contained in atmofpheric air enables it to

deftroy the tranfparency of the fluoric acid, and con-
vert it into a white vapour; which it does more or

lefs readily, according as it contains a greater or a

lefs quantity of water. This phasnomenon refembles

that which the muriatic acid prefents on the fame occa-

,
fion

;
but the fmoke of the fluoric gas is thicker than

that of the other.

The fluoric acid gas unites eagerly with water, and
heat is produced at the inftant of their union. A pecu-
liar phenomenon appears on this occafion, namely, the

precipitation of a very fine white earth, which appears

to be filiceous earth. From this circumftance it ap-

pears that the acid is far from being pure in the ftate

of elaftic fluidity. It becomes pure, therefore, only
when the earth, which adhered to it when it was vola-

tilized, has been feparated by the action of water. A
folution of this gas in water conftitutes the acid fpirit

of luor the fmell and caufticity of which are very

ftrong when the water is faturated with it. This liquid

acid communicates a ftrong red colour to the fyrup of

violets. According to Scheele and Bergman, it poflef-

fes the Angular property of diflolving liliceous earth.

Although the fluoric acid gas, on uniting with wa-
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ter, depofites a confiderable quantity of this earth, yet

it Hill retains fo much that alkalis caufe it to afford a

new precipitate.

Dr Prieltley obferved, that the fluoric acid gas cor-

roded and penetrated common glafs, and found it ne-

ceffary to ufe thick glafs bottles for his experiments.

Macquer thought that the acid produced this effect

only when in a gafeous (late, but was incapable of at-

tacking glafs when liquid or diluted in water. This

opinion is founded on the circumffance of water’s

precipitating the iiliceous earth, which is maintained

in a ftate of lblution in the fluoric gas. But it is to

be remembered, that the water does not entirely fepa-

rate the earth from the acid and therefore the fluoric

acid muft retain, even in a fluid ftate, the power of

acfting on glafs and iiliceous ftones.

The liquid fluoric acid may be decompofed like fpi-

rit of fait by heating it in a retort, the extremity of

which enters a bell-glafs full of mercury. By this

means the acid is obtained in gas, and leaves the water

pure

The two French chemifts who, in the year 1773, pub-

lifhed, under the name of M. Boullanger, a feries of ex-

periments on the vitreous fpar, or the fparry fluor, are

of opinion that the acid of this fpar is nothing but

a combination of muriatic acid with an earthy mat-

ter, which water only is capable of feparating from it.

But Scheele has fuccefsfully combated this opinion.

He confiders it as a peculiar acid, ftrikingly diftin-

guifhed from all others by the .various combinations

of which it is fufceptible. And his opinion is at pre-

fent very generally received among chemifts.

The fluoric is the only mineral acid capable of dif-

folving iiliceous earth. Bergman and Scheele were of

opinion,
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opinion, in the year 1779, that this earth might very

probably be a compound of the fluoric acid with wa-
ter; becaufe the fluoric acid gas depofites no Imall

quantity of filiceous earth, when brought into contact

with water. But an experiment of M. Meyer’s has

lince proved, that the earth precipitated on that occa-

llon comes from the glafs veflel, part of w hich is dif-

fcived by the acid. That chemift took three cylindri-

cal tin veflels, into each of which he put an ounce
of vitreous Jpar and three ounces of fulphuric acid,

which having a greater affinity than the fluoric acid

with lime, is fuccefsfully employed to feparate this

latter acid : to one of thefe mixtures he added an

ounce of pulverized quartz
;

to the feconJ an ounce of

powder of glafs ; the third he left pure without any

addition : in each of the cylinders he hung a wet

fponge, and doling up the veflels, expofed them to a

moderate temperature. Half an hour after, he found

a filiceous dull depofited on the fponge of the mixture

containing the glafs
; at the end of twelve hours, the

fponge of the veflel containing the quartz was like-

wife covered over with an earthy incruftation
;
but

even after feveral days the fponge of the third veflel

exhibited no fuch appearance. Bergman fent an ac-

count of this experiment to M. de Mcrveau, letting him
know at the fame time, that he now^ gave up his opi-

nion concerning the formation of filiceous earth by the

combination of the fluoric acid gas with w^ater. The
precipitation is therefore owung to the glafs dilfolved

by the fluoric acid gas; and the acid is not pure till

after the precipitate has been feparated from it by w 7 ater

and alkalis.

The fluoric acid, either in a gafeous or a liquid

ftate, unites with aluminous earth, forming tvith it

alumi-
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aluminous Jluate #
,
a fvveet tailed neutral fait, which

readily aflumes the conliftency of a thick jelly.

It combines alfo with barytes : the fait refulting from

that combination, to which we give the name of ba-

ryticJluate,
is a pulverulent fubilance.

With magnelia the fluoric acid forms a cryflallizable

fait, magnejian Jluate.

It forms a precipitate with lime-water, producing

inilantly calcareous Jluate.

It combines with potafli to form jluate of potajb ;

with foda, it produces Jluate of foda; lailly, combi-

ning with ammoniac, it forms the fait which we call

. ammoniacalfiuate.

This fhort account of thefe faline combinations fhows

the fluoric acid to be evidently different from the mu-
riatic. Its affinities with the different bafes afford new
proofs in fupport of the fame truth. Bergman ob-

serves, that the fluoric acid, when united with potafh,

may be leparated from it by lime-water, which caufes

the folution of that fait to afford a precipitate. The
fame thing takes place on a folution of the barytic

fluate, which becomes muddy when lime is put into it.

Bergman gives its eledive attra&ions in the following

order
;

lime, barytes, magnefla, potafli, foda, ammo-
niac : But he confeffes that more experiments are ne-

ceffary to eflablifh fully this order of affinities.

The fluoric acid gas has not as yet been applied to

any purpofe in the arts : but its power of diffolving fili-

ceous earth will in all probability render it very ufeful

in chemical operations, when once proceffes for ob-

taining

* According to the methodical nomenclature which we have pro-
pofed, the word fiubrate is here to be ufed

;
but we abridge it into

fiuate: and we (hall do the fame for the fulphuric acid, ufingfulphate in-

ftcad offulphurate« A.
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taining it more conveniently than at prefent ihallbe in-

troduced.

Species IV. The Nitric Acid.

What is called fpirit of nitre in the laboratory, is a

combination of this acid with water. In a liquid hate

and pure, the acid is white; but if altered in the fmal-

Icft degree, it becomes yellow or red
; and there arifes

from it in great abundance a vapour of the fame co-

lour. It is fo cauftic that it burns and deitroys in-

flantaneouily the organization of the mufcles. It red-

dens fyrup of violets, and entirely deftroys its co-

lour.

On being expofed to the rays of the fun, it acquires,

according to-Scheele, an higher colour and greater vo-

latility; and from this it appears that light acts upon
it : As it acquires a deeper colour, vital air is difengaged

from it.

Heat volatilizes this
^
acid, and feparates the co-

louring matter in the form of red vapours.
'

When red, it unites eagerly with water, which
aflumes, in confequence, a green or blue colour: it ap-

pears to have acquired a confiderable degree of heat in

entering into this combination.' When united with a

large quantity of the fluid, it forms aquafortis.

The white and the red nitrous acids were formerly

eonfidered as being of the fame lubftance, only concen-

trated in different degrees ;
the ftrongeit coloured was

thought to be the moft concentrated of the two. But

we are now better acquainted with^the nature of this

faline fubftance, and know it to be capable of exilling

in two different dates. In one of thefe the acid of nitre

is
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is deftitute of colour, more ponderous, and lefs vola-

tile, and emits only a white fmoke; in the other, it is

of a colour varying in iliade from a yellow to a brown

red, is more light and volatile, and is conftantly emit-

ing red vapours, in greater or lefs abundance, accord-

ing to the temperature to which it is expofed. Berg-

man diftinguifhes between thel'e two ftates of the acid

of nitre, by giving to the one the name of dephlogifli-

cated, to the other that of phlogifliccited

;

we give to

the former, the white, the name of the nitric acid

;

to

the coloured, the name of the nitrous acid. The caufe

of thefe diftinctions will hereafter be fhown: Only, we
may here obferve, that if the coloured and fuming ni-

trous acid be diftilled in a glafs retort, the red part

goes frit off in vapour, and what remains is a white

and colourlefs acid. The deeper the colour of the fpi-

rit of nitre fubjected to, diftillation, fo much the greater

is the quantity of the vapours obtained, and fo much
the lefs the portion of white acid remaining in the re-

tort
;
and vice verfa ,

when the nitrous acid heated in

the retort is of a bright red colour, very little vapour,

but a great deal of the white acid is obtained. This

inftance fhows the red acid to be more volatile than

the white. And as all coloured fpirit of nitre is com-

pounded of the two, they are to be feparated by a pro-

cefs of diftillation judicioufly conduced. In this ope-

ration a certain quantity of vital air is always difenga-

ged, which may be collected by applying a pneumato-

chemical machine to a balloon. We muft remark, that

when the veflels are red-hot, certain red vapours are

conftantly feparated even from the whiteft nitric acid;

and the colour of the acid is alfo changed, fo that it be-

comes of a flame red But the change produced by
heat immediately difappears when the acid returns to

its
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its former temperature, and the vapour alfo returns to

a liquid. The fame thing happens when a portion of

the nitrous acid, highly coloured, is united with water
;

a red vapour is difengaged and paffes into the atmo-

fphere ; the heat which then takes place, increafes the

colour of the acid which had been weakened by the

water; what remains after the evaporation is not ni-

trous, but nitric acid; and the change is inftanta-

neous. When heat, by the affiftance of light, pro-

duces this change on the nitric acid, a quantity of vi-

tal air or oxigenous gas is difengaged, proportioned to

that of the nitrous gas which is formed on the occa-

fion. This decompofition of the nitric acid, and the

change of it into the nitrous, takes place in confe-

quence of the mutual affinities between light, the ca-

loric, and the oxigenous principles. In this inftance

the glowing heat of our veffiels adts like that of the rays

of the fun.

The nitric acid adts not upon liliceous earth : it

combines with barytes, with magnefia, with lime, and

with the three alkalis : with thefe fubftances it forms

the aluminous, barytic, magnelian, and calcareous ni-

trates, nitrate of potafh, nitrate of foda, and ammonia-

cal nitrate. All of thefe falts ffiali be hereafter parti-

cularly examined. The falts formed by the union of

the fame bafes with the nitrous acid are fomewhat dif-

ferent from thefe, and are diftinguiffied in our metho-

dical nomenclature by the name of nitrites.

The nitric unites with the carbonic acid, abforbing

it eagerly. The mutual adtion of thefe two bodies is

not yet well known.

The nitric enters very rapidly into combination with

the muriatic acid. The alchemifts gave the name of

aqua regia to this compound, becaufe they ufed it to

6 diffolve
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diflolve gold, the king of metals : we fhall henceforth

call it the nitro-muriatic acid. It mull have always

appeared lingular, that two acids, neither of which is

by itfelf capable of ading upon gold, fhould by com-

bination acquire the power of dilfolving it. The al-

chemitts, content with having found a lolvent for that

precious metal, gave themfelves no concern about the

caufe of the phenomenon. It is but a few years fince

two Swedifh chemifts, Scheele and Bergman, full

fought to difcover what alterations the nitric and the

muriatic acids produced on each other by mutual com-

bination. Scheele obferved, what we have already ta-

I

ken notice of, that by diftilling a portion of muri-

atic acid on lime or oxide of manganefe, the acid

was caufed to diffufe a yellowifh vapour of the fame

fmell with aqua regia, which deftroyed blue vegetable

colours, and acted with a powerful force upon metals,

—

more efpecially upon gold, which it dilfolved as well

as the nitro-muriatic acid. He thought that it acqui-

red thefe properties in confequence of being deprived

of its phlogifton by the oxide of manganefe, and that

what caufed it to act fo forcibly on combultible bodies

was its eagernefs to regain the principle which it had
loft. For this reafon he gave it the name of de-

phlogifiicated marine acid. Our firft obfervation here

is, that this explanation of thefe phenomena is dired-

ly contradidory to the theory of Stahl, which Scheele

in general appears to have adopted and extended : for

the muriatic acid is faid to acquire, by the lofs of its

phlogifton, a fet of properties which Stahl attributed

to the prefence of that principle
; namely volatility,

a ftrong fmell, and a power of ading on inflammable
matters. Befides, we are of opinion, that all of thefe

phenomena may be much more fatisfadorily explain-

» * ed
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ed by the new theory : and this we fhall very foon

fhow.

Bergman thinks that the nitric acid feizing on the

phlogitton of the muriatic acid, is partly diffipatcd in-

to vapour, and that what remains of the muriatic acid

is then precifely in the fame ftate with the vapour

which arifes from the diftillation of this acid on oxide

of manganefe. Thus, what enables the nitro-muriatic

acid to diffolve gold, is its containing a portion of de-

phlogiflicated marine acid : and this mixed acid is of-

ten nothing but marine acid. Such is the opinion of

the celebrated chemift of Upfal. The following ap-

pears to me a better account of the fadts. When a

quantity of nitric acid is poured upon a quantity

of muriatic acid, heat is excited between the two li-

quors, and they affume a colour
;
an effervefcence takes

place, and a kind of mixed fmell arifes, not fo pun-

gent as that of the muriatic acid, but quite peculiar,

and refembling that which this acid affords when di-

ftilled on oxide of manganefe. Mr Berthollet has dif-

covered, that a portion of oxigenated muriatic acid is

difengaged during this rapid re-adlion of the two acids.

On this occafion, therefore, the muriatic acid deprives

the nitric of part of its oxigene, and is diffipated in the

Form of oxigenated muriatic gas
;
yet a portion of it

ftill remains faturated with oxigene and nitrous gas

;

and this mixture is aqua regia. From this we under-

ftand why fo fmall a proportion of the nitric acid is

neceffary to communicate to the muriatic the proper-

ties of aqua regia
;
and why both the nitro-muriate of

gold, and the nitro-muriatic acid, afford when dj Tilled

nothing but muriatic acid. But we mult obferve, that,

as much more nitric acid than is neceffary, is generally

ufed to fuper-faturate the muriatic acid with oxigene,

6 the
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the nitro-muriatic acid which refults from this compe-
tition contains both acids, and they a£t each according

to its peculiar nature, forming peculiar and diftind

falts with all the bodies expofed to their adion. It

would therefore be a fervice of fome importance to

chemiltry, to detefmine what quantity of the nitric

acid is necelfary to faturate a given quantity of the mu-
riatic with oxigene, and caufe it to aiTiime the charac-

ter of the nitro-muriatic acid, without containing any

aquafortis, which only alters it and renders its effeds

uncertain. Hence it appears necelfary, in recording

accurate chemical experiments, to mention the propor-

tion in which the two acids have been mixed to pro-

duce the aqua regia made ufe of.

This mixed acid has lefs fpecilic gravity than either

of the two acids of which it is compofed. It has a

peculiar fmell, commonly a citron colour, often incli-

ning to orange. Its adiOn on natural bodies diftinr

guifhes it from all other acids. Light extricates frorri

it a portion of oxigenous gas or vital air. Heat fepa-

rates from it oxigenated muriatic acid. Aqua regia '

combines with water in any proportion, and always

excites heat as it enters into combination with that

fluid. It dilfolves aluminous earth, but very llowly :

it unites with barytes, magnelia, lime, and the alkalis ;

and from thefe combinations there refult mixed fait#,

which cryltallize either feparately or together, accord-

ing as they are more or lefs foluble. Aqua regia is

much ufed both in chemiltry and in the art of allaying;

as we lhall Ihow more at large when we come to fpeak

of metallic fubltances.

Since the asra of Dr Prieltley’s difeoveries, chemilts

have laboured much to difeover the intimate nature

and the component principles of the nitric acid. It

.
Vol. I. A a ' was
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was fliowfl, in the firft place, that the opinion which •

aferibed the formation of the nitric to the fulphurid

acid, and reprefented the former as a modification of

the latter, was founded on fallacious experiments.

Soon after, it was obferved, that this acid is formed of

peculiar principles
;
and the following obfervations led

to a certain difeovery of its nature.

The nitric acid had been long obferved to aft with

great force on combuftible bodies, more elpecially on

the metals. On fuch occafions, it exhales into the at-

mofphere a confiderable quantity of red vapours, and

is often indeed entirely diffipated under that form.

The combuftible body expofed to its action is foon re-

duced to the Rate of a burnt body, or oxide \
nay, it

often caufes combuftible bodies, fuch as oils, charcoal,

fulphur, phofphorus, and feveral of the metals, to emit

a fudden flame. Stahl aferibed this effect to the ra-

pidity wdth which the acid combined with the fihlo-

gifton of combuftible bodies. But that theory did not

afford a fatisfaftory explanation of the phaenomenon.

Dr Prieftley, by receiving into a glafs veffel filled

with water the vapour difengaged during the aftion

of the nitric acid on a piece of iron, obferved, that in-

ftead of a red vaporous fluid, a tranfparent colourlefs

gas refembling air was obtained on that occafion ;
and

to this he gave the name of nitrous gas.

This gas poffeffes all the apparent properties of air,

but differs greatly from it in refpeft to chemical pro-

perties. It has rather lefs gravity, is unfit for main-

taining either combuftion or refpifation, is ftrongly

antifeptic, has no fenfible tafte, and takes a long time

'to alter the colour of fyrup of violets. Nitrous

gas appears to fuffer no alteration from light. Heat

dilutes it; • Vital air readily combines with it
;
thus re-

ducing
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ducing it to the ftate of nitrous acid. Atmofphe-

ric air produces the lame effed upon it, bat not fo

forcibly. This coirtbination difplays leveral phaeho-

mena which well merit our attention. As foon as air

comes into contad with nitrous gas, though both

the fluids were before colourlefs, they become inllant-

ly red like the nitrous acid : a pretty lively heat is

then excited
;

the \Vater riling in the receiver ab-

iorbs all thefe red vapours, and thus acquires the cha-

rader of aquafortis. The purer the air is, the more
readily do thefe phenomena take place, the more

ilriking do they appear, and the fmaller is the propor-

tion neceifary to change a given quantity of nitrous

gas into nitrous acid. M. Lavoifier has difeovered,

that lixteen parts of atmofpheric air are neceifary to

faturate feven and one-third of nitrous gas, while four

parts of vital air are fufticient for the complete fatura-

tion of the fame quantity of the fame gas. Macquer
thought this beautiful phenomenon precifely fimifar

to combuflion. It is in fad accompanied with heat,

the abforption of air, and the produdion of a faline

matter
;
and the red colour which then appears may

be conlidered as a kind of flame.

As in this artificial compofition of the nitrous acid,

the air produces different effeds, according as it is

more or lefs pure, Dr Priellley thinks that nitrous

gas may lerve as a tell to enable us to diflinguilh what

quantity of vital air any other kind of air contains; if

ive alfume as two terms,—the moll impure air, or gas

unfit for refpiration^ fuch as the carbonic acid, which

produces no change whatever on nitrous gas,—and vi-

tal air, which produces the greateft alteration upon it.

This alfay conlifts in employing known and propor-

tional quantities of thefe two gales, and oblerving when
A a 2 they
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they are mutually and completely faturated. That

air is the pureft of which the fmalleft quantity is

fnfficient to faturate a given quantity of the nitrous

acid, and vice verfci.

Several philofophers have endeavoured to find means

for performing this experiment with the mod rigid

accuracy. The Abbe Fontana has been the mod; fuc-

cefsful : he has contrived an eudiometer
,
of which an

exad defcription is to be found in M. Ingenhouii 9

experiments on vegetables. By means of that inftru-

rnent, the degrees of the purity or impurity of the air

may be eflimated with the utmoft nicety
;
but, as the

author himfelf acknowledges, fuch {kill and attention

are neceffary in making ufe of it, that to avoid mif-

takes and erroneous calculations is exceedingly diffi-

cult.

It is farther of confequence to obferve, that thefe

experiments, though extremely ingenious and of con-

fulerable utility, have not been attended with all the

advantages expeded from them, in regard to that

branch of medicine', the objed of which is the prefer-

vation of health. They fhow what quantity of air fit

for refpiration is contained in that under examination ;

but they afford no information concerning the manner

in which the noxious qualities of this fluid affect the

feveral parts of the human fyftem with which it is

brought into contad ,by refpiration: they explain not

how it ads on the ffomach, the {kin, or the nerves

;

all of which are affeded by almoft every alteration of

the air, though only medical obfervation can inform us

in what manner.

Chemifts have for a number of years been divided

in their opinions concerning the caufe of the produc-

tion of the nitrous acid from the mixture of nitrous

gas

4
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gas with vital air. Dr Prieftley, the difcoverer of the

fact, is of opinion, that nitrous gas is merely nitrous

acidfuper-faturated with phlogifton
;
and that as pure air

has a greater affinity than the acid with phlogifton, it

therefore, entering into combination with it, leaves the

nitrous acid in a ftate of liberty. But this theory is

far from affording a complete explanation of the phe-

nomenon : for when the elaftic fluids with which the

experiment is performed are very pure, there is abfo-

lutely no relidue left
;

and befides, the nitrous acid

formed during the procefs weighs confiderably more

than the portion of nitrous gas which was made ufe of

to produce it.

M. Lavoifier imagined that this property of nitrous

gas—to produce nitrous acid when brought into con-

tact with vital air, might lead him to a knowledge of

the component principles of the acid. By combining

two ounces of fpirit of nitre, of known ftrength, with

a given quantity of mercury, he obtained 196 cubic

inches of nitrous gas, and 246 cubic inches of vital air.

While the former gas was difengaged, the mercury

changed its form
;

after the vital air was difengaged,

it returned to a metallic ftate, when it was found to

have fuffered no lofs. From thefe fads he deduced

the following inferences with great accuracy of rea-

foning. 1. As the mercury differed no lofs during

the procefs, the formation of the elaftic fluids cannot

be afcribed to it. 2. Thefe muft therefore have been
formed by the decompodtion of the nitrous acid. 3.

The nitrous acid made ufe of on the occafion, the gra-

vity of which was to that of diftilled water as 131,607
to 100,000, appears therefore to have been formed of
three principles, nitrous gas, vital air, and water, uni-

fed in the following proportions to the pound : nitrous

A a 3 ggs,
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gas, i ounce 514 grains ; of vital air, 1 ounce 7 drams

grains j
and of water, 13 ounces and 18 grains.

4. Nitrous gas is nitrous acid deprived of its oxigeng

or vital air. 5. In all procefles in which nitrous gas

is obtained, the nitric acid is decompofed, and its oxi-

gene abforbed, by the combuftible body with which

it has a greater affinity.

Yet this opinion is attended with one difficulty. M.

Lavoilier found that he could not reproduce by the

reunion of thefe produdfs the whole quantity of the

acid from which they were obtained ;
at leaf! one

half was entirely loft : and he had much more pure

air than was neceffary for the complete faturation of

the nitrous gas. He acknowledges himfelf unable to

account for this circumftance. Macquer imagined it

to depend on the lofs of the phlogiflon, or light, which

he confidered as one of the principles of the nitric acid :

this he thought might efcape through the pores of the

veffels during the decompofition of ghe acid, leaving

behind part of its pure air, which being lefs fubtle,

could not make its way out with the fame facility. We
fhall foon fee this not to be the true caufe of the phe-

nomenon.

The portion of fuperfluous gas which remains after

the nitrous gas has been faturated with vital air, flill

remained an objection againft M. Lavoiiier’s theory.

And though this fuperfluity was quite a trifle in this

experiment, as yjd parts of nitrous gas, with 4 parts

of vital air, left no more than ^th of their total bulk

;

yet ftill he was at a lofs how to account for it. In-

deed he has fince informed us, that the refidue was

much lefs when the matters made ufe of were very

pure and very nicely proportioned. In fhort, we will

Immediately fee that vital air and nitrous gas may he

obtained
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obtained To pure as to combine without leaving any re-

fidue.

No fiich difficulty occurs in confidering the aeriform

refidue formed by the combination of 1

6

parts of at-

mofpheric air with 7|d of nitrous gas : we know it to

be the mephitis or azotic gas contained in the atmof-

pheric air. We underftand like wile how the contact

of water comes at length to alter nitrous gas and

change it into an acid : it is by means of the air wffiich

it contains.

But even after this theory of M. Lavoifier’s, the na-

ture of the nitrous gas ftill remained unknown
;
and

it has fince been explained by a fine experiment of Mr
Cavendilli’s. That chemifi put into a glafs tube feven

parts of vital air not obtained from the nitric acid,

with three of azotic gas or atmofpheric mephitis
;
and

by caufing the electric fpark to pafs through the mix-

ture, he effected a great diminution of its bulk, and

even changed it into nitric acid. The induction which

he draws from thefe finds is, that the nitric acid is a

combination of feven parts of vital air to three of azo-

tic gas ; and that, when deprived of a part of the firft

of thefe principles, as happens in the folution of me-
tals, &-c. it pafies into the date of nitrous gas : Nitrous

gas, therefore, is, in his opinion, nothing more than a

combination of azotic gas with a fmaller proportion of

vital air than what is requifite to form nitrous acid.

Thefe experiments, and the ingenious theory founded

upon them, throw great light on the formation of the

nitric acid by the putrefaction of animal matters. We
know that a great quantity of azotic gas is difengaged

from thefe matters when putrefying
; and it is evident

bow jiecefiary air is for the production of this acid, as

A a 4 eitpe*
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experience fhows it to be formed by the combination
and fixation of thefe two elaftic fluids.

It is alfo eafy to determine the difference between
the pure white acid of nitre and the coloured fuming
acid to which the northern chemifts give the name of

phlogijiicated

;

or between the nitric and the nitrous

acids. The Iaft is found where the principles are not

combined in the proportion proper for forming the

pure nitric acid,—that is, when the combination con-

fids not of three parts of the azotic and (even of the

oxigenous principle. But as a variety of circumitances,

and in general all phlogifticating procefles, diminifli the

proportion of the oxigene by walling more or lefs of

it, hence ye may naturally infer, i. That this acid is

very liable to alteration, and mufl often be more or

lefs coloured and fuming : 2, That in proportion as it

is deprived of more or lefs of its oxigene, it may pafs

through many dates, from that of the purefl nitric

acid, which contains the greateft proportion of oxigene,

to nitrous gas, which contains not enough to conltitute

it an acid
: 3. That if nitrous gas be deprived pf what

pxigene remains in it, it becomes azotic gas or me-
phitis

: 4. That as the mutual adhefion of the oxige-

nous and azotic principles is very trifling, mod com-
buitible bodies having a greater affinity with the for-

mer than the azotic principle has, the nitric acid can-

not b,ut be decompofed with great facility by many
bodies. Thefe four remarkable particulars in the hi-

ilory of the acid of nitre, ferve to explain a great many
phenomena. We now underftaiid, 1. That in this acid
the azotic gas and yital air have loft much of their ca-

loric, and are therefore reduced to azote and oxigene.
2. That when this acid is decompofed by a combuftible
body, the nitrous gas then difengaged does not require

ft



Acids. 377

fo much caloric to maintain it in a ftate of elaftic fluid-

I ity, as vital air and azotic gas. 3. That thefe two

1 fluids cannot combine when in a gafeous ftate. 4. That

> of confequence the vital air obtained from nitrous pre-

parations itrongly heated, fuch as red precipitate
,

ni-

trate of lead, common nitre, &c. muft contain a cer-

tain portion of mephitis or azotic gas
;

of which gas,

the reiidue, remaining after the union of the vital air

with the nitrous gas, confifts. No fuch refidue is ever

obferved to remain, when the vital air made ufe of has

been obtained from the leaves of vegetables or from

manganefe. 5. That the cafe is fometimes the fame

with nitrous gas; it may' contain a portion of azotic

gas or mephitis : and this happens when this gas is

prepared with bodies which, being very greedy of oxi-

gene, abforb it almoit entirely from the nitric acid
;

fuch as iron, oils, &c. 6. That the nitrous acid when
coloured, and containing an excefs of nitrous gas or

of azote, or the bafe of mephitis, is in a ftate very dif-

ferent from that in which the two principles are no

more than mutually faturated
;
and that as the differ-

ence between thefe two ftates of this acid is fo very

conliderable, they fhould therefore be diftinguifhed by

different names. To the white acid, which, though

the moft uncommon, is the pureft, we give the name

of the nitric ticid, obferving the fame analogy in this

as in the reft of our new denominations
;
and to its

neutral falts we give the name of nitrates. The red

again we call the nitrous acid
,
and its faline combina-

tions nitrites. There is indeed but feldom occafton to

fpeak of the laft of thefe elaffes of neutral falts *. for

though the red and fuming, or the nitrous, be the moft

common of the two acids, it very feldom retains its

proper chara&er when united with alkaline bafes
;

the



the fuperfluous quantity of the nitrous gas ufually e-

fcapes as the combination is taking place, and what
remains is pure nitric acid.

The affinities of the nitric acid with the alkaline

bafes are the lame as thole of the muriatic
; and Berg-

man arranges them in the fame order, as follows,

—

barytes, potaffi, foda, lime, magnefia, ammoniac, alu-

minous earth. According to that celebrated chemill,

the nitrous or phlogijlicated acid has the fame affinities

as the pure acid of nitre. It is ftronger than any of

the preceding acids, and difengages the carbonic,

fluoric, and muriatic acids, from their bafes.

The acid of nitre, under the name of aquafortis, is

applied to a great many purpofes in the arts
;
more

particularly, it is ufed to diflolve mercury, copper, fil-

ler for hatters, engravers, and gilders, in allaying and

working metals, &-c. It is likewife ufed in furgery,

to deftroy warts and other little indolent uninflamed

tumours. It is ufed in many pharmaceutical prepara-

tions, fuch as mercurial water, red precipitate, the alka-

line martial tincture, the yellow unguent, &-c. &c. We
{hall take notice of thefe and the other ufes to which

it is applied in their proper places.

Species V. The Sulphuric Acid.

The fulphuric acid, which has hitherto been called

the vitriolic acid, is a very caultic faline fubftance,

which, when concentrated, burns and cauterizes the

Ikin, reddens fyrup of violets without deftroying its

colour, and wffien diluted in a large proportion of wa-

ter, has a four, ftiptic tafte. This acid, when pure,

appears under the form of a very transparent oleagi-

nous
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nous fluid, twice the fpecific weight of diftilled water,

deilitute of fraell, and united with water, from which

there are as yet no means known of feparating it. It

I has received the name qf the vitriolic acid, becaufe it

ufed formerly to be obtained from martial vitriol by

diftillation. At prefent it is obtained both in France

and England by the complete combuflion of fuiphur,

as we fhall explain more at large when we come to

give the hillory of that combultible fubllance. Its

pature, therefore, and the manner in which it is ob-

tained, render it moll proper to give jt in a methodical

and regular nomenclature, the name of the fulphuric

acid.

When highly concentrated, it is from its conflftency

pained very improperly oil of vitriol.

This acid is l'ufceptible of a concrete form
;
which

it may be made to affume either by expoling it to cold,

as we fhall afterwards fee, or by combining it with

various elaftic fluids.

We know not- yet, in what manner light acts on the

fulphuric acid. Some chemifls have aflerted, that

when oil of vitriol is expofed in clofe veflels to the rays

of the fun, it gradually aflumes a colour, and there is

even fome fuiphur formed. But this fact is not alto-

gether eftablUhed by proofs ; nay, there is even a

lirong probability againit it
; for we fhall hereafter lee,

that the fulphuric acid cannot become fuiphur without

lofing its ppre air or oxigene ;—and it is evident mat
fuch a feparation cannot take place in clofe veflels.

Stahl thought the fulphuric acid to be diffufed thro*

all nature, and to be the principle of all other acids.

The firfl of thefe aflertions was founded on this fad,

that linen impregnated with potafh, and expofed to

thf air, is at length converted into fulphate of potafli

;

that



38° Acids.

that is, into a neutral fait formed by the union of this

alkali with the fulphuric acid. This affertion is at pre-

fent known to be falfe
; for fuch linen contains not an

atom of fulphate of potafh, but a good deal of carbonate

of potafh, or the combination of this alkali with the

carbonic acid. With refpect to the fecond, nothing
can be more improbable. Late experiments have
fhown that each of the acids is formed of peculiar

principles ; and that there is no principle common to

one with another of them, but the bafe of vital air,

which is common to them all.

The fulphuric acid, when heated in a retort, foon

lofes part of its water, is in fome degree concentrated,

and is not volatilized unlefs expofed to a ftrong heat.

If coloured, it lofes its colour by the action of fire, and
becomes white. This double change which it under-
goes at one time, is called the concentration and reblifi-

'ication of the acid. While it is taking place, a very
odorous and penetrating gas is difengaged, which was
the colouring principle of the acid, and with which we
(hall afterwards get acquainted under the name of the

fulphureous acid gas. Although this procefs appe'ars to

render the fulphuric acid whiter and more pure, yet it

muft be carried farther when we wifh to obtain the
acid in its higheft purity : in fadl, in this ordinary con-
centration, we only free the acid of the water and the

fulphureous acid gas united with it, without feparating

any of the fixed matters, by which it may likewife be
altered : To effedt this, we mull diftil the acid to dry-
nefs, by changing the receiver, after performing the
firft part of the operation : there remains then in the

retort a fmall quantity of a white refidue, which is

found to contain fuliate of pot-alh, and fome other

fub-
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fubftances which are diflolved in the acid as it is

formed.

The concentrated fulphuric acid attracts moifture

when expofed to the air, and lofes part of its ftrength

and cauflicity : it at the fame time afliimes colour, de-

riving it from the combuftible matters which float in

the atmofphere, on which this acid acts with no fmall

force. It often abforbs nearly twice its own weight of

water from the atmofphere.

The Duke d’Ayen, by a feries of curious experi-

ments, performed during the violent cold in the month

of January 1776, has fhown, that this acid, when high-

ly concentrated, may be made to freeze by expofmg

it to the cold temperature of from thirteen to fifteen

degrees of Reamur’s thermometer; but when diluted in

two or four parts of water, is no longer liable to the

fame change of flate by cold : and that if when fro-

zen it be left expofed to the air, it foon becomes fluid,

even though the cold be more intenfe than that

which caufed it to freeze. This laft phenomenon is

owing to its abforbing water from the atmofphere,

and the heat; produced while the two are entering into

combination.

The fulphuric acid unites with water, difplaying, as

it enters into union with it, all the phenomena of a

fudden penetration and an intimate combination. It

produces at the fame time a lively heat and a fort of

hiding
;

a peculiar foetid odour is likewife difengaged.

The hiding noife excited on this occaflon is owing to the

difengagement of the air contained in the water, which

is feen to make its way out in the form of little bubbles.

The tafle of the acid, when thus diluted in water, is much
weaker than in its concentrated flate, its fluidity is much
more co’nflderable, and it now bears the name offpirit
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ing it ;
and it may be thus reftored by concentra-

tion to the date of concentrated fulphuric acid.

This acid acts not in any manner on hliceous earth or

quartzofe Hones, nor on the fame earth when melted

with the admixture of fmall pieces of the fixed alkalis.

It combines with aluminous earth, barytes, magnefia,

lime, and alkalis. In thefe combinations it forms alu-

minous fulphate, or alum; barytic fulphate, ox ponderous

fpar ; fulphate of magnefia, or epfom fait ; fulphate of

lime, or felenite ;
fulphate of potafh, or vitriolated tar-

tar; fulphate of foda, or Glauber fait; and ammo-

niacal fulphate. Its elective attractions for thefe falts

are the fame with thofe of the muriatic and the ni-

tric acids ;
but it adheres more firmly to thefe fub-

fiances than any of the other mineral acids ; and is

capable of difengaging them.

The action of the fulphuric on the other acids has

not as yet been properly examined ; we know only^

j. That it abforbs great quantities of the carbonic a-

cid. 2. That it unites fo readily with the muriatic

acid, that when we mix the two together heat is ex-

cited, and a great quantity of muriatic acid gas is dis-

engaged in white vapours. Boerhaave, in his Chemi-

' ilry fays, that the muriatic acid renders oil of vitriol

concrete :
perhaps this property may be found to be-

long to the oxigenated muriatic acid. 3. That if the

pure white nitric acid be poured on a quantity of

fulphuric acid blackened by fome combudible bo-

dy, it deprives it of its colour, and renders it tran-

fparent ; and when this mixture is heated, it exhales a

quantby of the nitrons gas. 4. That nitrous gas

when united with this acid, has the power of nlaking

it afiiime a concrete form ; as fhall be ihown more

1 par-'
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particularly in the article of the decompofttion of ni-

trate of potafli by means of lulphate of iron.

The manner in which the fulphuric acid ads on
combuftible bodies, leads us to an idea of its nature and
component principles. Whenever any combuftible

body, fuch as a metal, or ftill more a vegetable or an
animal matter, is brought into contad with the con-

centrated fulphuric acid, that body paifes fooner or la-

ter into the ftate of a burnt matter, and the acid is de-

compofed.

All matters containing oil become black, if immer-

fed in fulphuric acid concentrated and cold. The
acid firft aflumes a brown colour, which loon paffes

into a black. If an inflammable fubftance in combu-

ftion, fuch as a burning coal, be immerfed into a quan-

tity of fulphuric acid, the acid immediately aflumes

the fmell and volatility of burning fulphur ; a white

fmoke arifes from it of a lively fuffbeating fmell. If,

in order to comprehend better what pafles when thefe

combinations take place, we bring this acid into con-

tad with fome combuftible body of a more Ample cha-

rader than organic fubftances, whofe alterations may
be more eafily traced and eftimated, we may then at-

tain a knowledge of the principles of the fulphuric a-

cid. If we heat for this purpofe a mixture of this acid

concentrated with mercury in a glafs retort, the extre-

mity of which enters a bell-glafs filled with this metal-

lic fluid, as foon as the acid is brought to boil, it emits

a permanent gas of a ftrong pungent fmell, refembling

that of burning fulphur.

This aeriform fluid h known by the name of the

fulphureous acid gas

:

it is fomewhat more ponderous

than air
;

it extinguifhes lights, kills animals, reddens

and difcolour.s fyrup of violets. According to Pr Prieft-

ley,

/
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ley, it enters into combination with water with lefs

rapidity than the muriatic acid gas
;

it dilfolves chalk,

camphor, and iron
;

coals, and all bodies that are po-

rous in any confiderable degree, abforb it. Though

it has been confidered as a permanent gas, yet by

the application of an intenfe cold, it may be conden-

fed fo as to become liquid. M. Monge accomplifhed

this.

The fulphureous is a certain modification of the ful-

phuric acid, which combines with the alkalis to form

neutral falts different from thofe which they form with

the latter. Stahl, who had obferved all of thefe im-

portant phenomena with great attention, thought, that

in this inftance the phlogifton of the metal, uniting

with the acid, communicated to it odour, volatility,

&c. But as that great chemift did not carry his expe-

riments far enough, he could not forefee, that a ftrong

objection againft this dodrine might be drawn from

the very fad on which it was founded. M. Lavoifier,

M. Bucquet, and myfelf, have each of us examined

the confequences of this reciprocal adion of mercury

and the fulphuric acid. When the mixture is white

and dry, but a very fmall quantity of the fulphereous

acid gas is formed, if this mercurial fulphate be then

ftrongly heated, a little water, and a gas quite diffe-

rent in nature from the former, are difengaged
;
the

gas is very pure vital air. While this gas efcapes from

the mixture, the mercury is gradually reduced, and

regains all its original properties, not fo much as an

eighth part of its quantity being loft. From this it ap-

pears, that as the mercury . has fuffered no alteration,

the two gafes muft belong both to the fulphuric acid

which has been decompofed. The fulphureous acid gas

appears therefore to bear the fame relation to this acid

which
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which the nitrous bears to the nitric acid. Yet the

competition of thefe two acids is not made up quite in

the fame manner ; for we cannot inftantly re-unite the

two gafeous principles of the fulphuric acid into the

compound body from which they were obtained

;

whereas we can form the nitrous acid at pleafure, by

combining the nitrous gas, and the vital air which it

affords when analyzed. It is very likely that a confi-

derable fpace of time is neceffary for the recompontion

of the fulphuric acid
;

for this phaenomenon actually

takes place when we expofe to the air compounds of

the fulphuric acid with different bales, thefe being at

length found to contain fulphuric acid. Thus the

combination ofthe fulphureous acid with potadi, known
under the name of Stahl's fulphureousfalt, or fuiphite of

potafh, if expofed to the air, becomes at the end of a

certain time genuine fulphate of potafh. What, in thefe

indances, is llowly effected, takes place w’ith more ra-

pidity in the combudion of fulphur; during W'hich

that combudible body abforbsthe oxigene of the atrno-

fphere, and becomes gradually more and more acid, till

j

it be completely faturated. (See the Hijlory of Sulphur.)

From thefe facts it appears, 1.
'1 hat the fulphuric acid

a compound of fulphur and oxigene. 2. That when a

combudible body having a greater affinity than fulphur

with oxigene or the bafe of vital air, is mixed writh it,

that body decompofes the acid, by abforbing the oxi-

gene. 3. That when the combudible matter does not

carry off all of the acidifying principle, as happens in

mod of the folutions of metals effedted by the fulphu-

ric aerd, what is feparated is not pure fulphur, but ful-

phureous acid g2S. 4. That this gas is a kind of in-

termediate body between fulphur and the fulphuric

Vol. I. II b acid •
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acid ; and is to be confidered as differing from the a-

cid only by containing a fmaller proportion of oxigene
;

from fulphur, only by containing fo much oxigene as

renders it faintly acid. To caufe it topafs into the ftate of

real fulphur, all that we need to do is, to drivp off that

portion of the bafe of vital air which it contains; as hap-

pens towards the end of the procefs in which metals are

diffolved by the fulphuric acid when thofe folutions

are ffrongly heated and made to evaporate. We now

likewife underftand how the fulphureous is gradually

converted into the fulphuric acid, by abforbing the

oxigene of vital air contained in the atmofphere.

The fulphureous acid gas is capable of uniting in a

very intimate manner with the fulphuric acid, and it

then communicates to this acid the property of exha-

ling in thick white vapours. Meyer, in his Chemi-

cal Effays, on the article of Quick-lime, mentions vl fu-

ming oil of vitriol, prepared at Northaaufen in Saxony,

from a di (filiation of common vitriol. He likewife fol-

lows Chriftian Bernhard, a German chemift, in men-

tioning a concrete fuming acid fait obtained from this

acid by didillation. Finding an opportunity of procu-

ring in Paris a confiderable quantity of this fulphuric

acid of Saxony, I obferved it to poffefs the properties

afcribed to it by Meyer, and obtained from it, by uling

a gentle heat, cryftallized, concrete, volatile fait, fu-

ming and deliquefcent, under two different forms, ac-

cording to Chriftian Bernhard’s account of it. I am

convinced, from various experiments related in a Me-

moir of mine, read in the Royal Academy of Sciences

in the year 1785, 1. That the property pofleffed by

this black fulphuric acid of Northaaufen, of fuming

and affording a concrete volatile fait, depends on its

containing a great quantity of fulphureous gas. 2. 1 hat

fn proportion as it lofes this gas by being expofed to
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the air, it ceaies to exhale vapours, and lofes its power

of affording concrete fait. 3. That water difengages

this gas and deprives the fulphuric acid of Saxony of

its property of fuming, &c. 4. Laftly, That the fu-

ming concrete acid fait obtained from this acid by di-

ftillation is a faturated combination of fulphuric acid

with fulphureous gas, which when expofed to the

air, gradually pafles into the ftate of common ful-

phuric acid. We are therefore acquainted with two

concrete fulphuric acids, one of which owes its concre-

tion to the nitrous gas, the other to the fulphureous acid

gas. I make no doubt but the number of concrete

acids may be one day increafed, by fome other mo-
difications of the fulphuric acid reduced to folidi-

ty by other gafes
;
fuch as the oxigenated muriatic

gas, &-c.

The fulphuric acid is made ufe of in many of the

arts, more efpecially by the dyer and the hat-maker,

&.c. It is one of the molt common and ufeful men-

ftruums in the laboratory. In medicine, it is externally

applied as a very ufeful cauftic, and internally as a re-

frefhing, cooling, and antifeptic medicine; but in this

cafe, it muff be diluted in water till it have fcarce any

fenfible acidity.

The fulphureous acid is ufed in dyeing, for whitening

filks, taking out ftains, &-c.

As thefe two acids are combinations of fulphur and

oxigene in different proportions, their names ought to

be analogous to their nature : to us they appear to be

belt diftinguifhed by the names of the fulphuric acid
,

and the fulphureous acid. The termination of the word

fulphureous, ferves in this, as well as in other inftances,

to fliow that the acid to which it belongs contains an

excefs of the combuftible bafe.

B b 2 Species
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Species VI. The Boracic Acid.

Experiments made by a great many chemifts have

fliown borax to be a neutral fait formed by the combi-

nation of foda with a peculiar acid : this acid was call-

ed by Homberg, its difcoverer, fedative fait. It has

been fince named the acid of borax, and the boracine a-

cid; we choofe rather to call it the boracic acid
,
in order

that it its name may terminate in the fame way with

the names of the other acids.

Many chemifts thought this acid to be merely a pro-

duct of art formed by the combination of the falts ufed

in obtaining it with fome principle of borax : But

fince M. Ho-'fer, apothecary to the Grand Duke of

Tufcany, has difcovered that the waters of feveral lakes

in that country, for inftance, thofe of Caftelnuovo and

Monterotondo, maintain in lolution a confiderable quan-

tity of very pure boracic acid ;
we can no longer enter-

tain a doubt of its being a peculiar acid The chemifts

of the academy of Dijon have confirmed this difco-

very
;
on examining a quantity of water from the lake

JVIonterotondo lent them out of Tufcany, they found

it to contain the fait which M. Hoefer had afcribed to

it. It is very likely that the fame fait may be found

jn other mineral waters : it appears, as we lhall here-

after mention, to be formed by the putrefaftion of fat

bodies.

The boracic acid, whether native or obtained from

borax, by procefies which we (hall have occafion to de-

fcribe under the article of that neutral fait, is a con-

crete matter, crylla'lized in fmall white fcales, very

thin, irregularly formed, figured round their edges,

p^trcmely light, and fometim.es glittering. It has a

weak.
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weak, vet a fenfibly acid tafte. It communicates a faint

red to tincture of violets
;
but has a much ilronget efFedt

on that of turnfol, mallows, radifhes, &-c.

When expofed to heat, it is not volatilized
;
but it

melts when made red-hot into a tranfparent glafs ;

and the glafs becomes opaque, and is covered with a

light white dull when expofed to the air. This glafs

is the boracic acid unaltered ; it regains its lamel-

lated form when diffolved in water and caufed to cry-

ftallize.

The boracic acid fuffem no fenfible alteration from

the action of the air, whether it be dry, or moift, or

hot or cold.

It diffolves in water, not without difficulty
; for, ac-

cording to the academicians of Dijon, a pound of boil-

ing water diffiolves no more than 183 grains of this a-

cid ;
when cooled and partly evaporated, it returns to

its cryftalline form. This folution inflantaneoufly red-

dens the tincture of turnfol, and alters, though more

flowly indeed, the colour of fyrup of violets. When a

quantity of the boracic acid, moiftened with a little

water, is heated in a cucurbite, fitted with a capital,

part of the acid is fublimated together with the va-

pour ariling from the water
;
but as foon as the whole

of the water is volatilized and the boracic acid left

dry, the fublimation ceafes : from which it appears

that the acid is of itfelf fixed, as may be ffiown by

melting it in a crucible. By fublimating it in this man-

ner with water, if the procefs be fkilfully conducted,

it is obtained under a beautiful fparkling cryftalline

form. The boracic acid, after palling through this pro-

cefs, is very pure, and is known in pharmacy by the

name offublimated fedative fait.

The boracic acid ferves as a flux to filiceous earth ;

B b 3 and
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and the glafs which they form together is white or

faintly coloured. With the help of heat, it diffolves

the earth precipitated from the liquor of flints. It u-

nites with barytes, magnefia, lime, and alkalis
; and

forms by its union with thefe fubftances a clafs of pe-

culiar falts, diflinguiflied by the general name of bo-

rates, of which we are well acquainted with none but

one fpecies.

The whole of thefe properties, but more efpecially

its tafte, and the red colour which it communicates

to blue vegetable tinctures, fufficiently diftinguifh it

as an acid. But it faturates alkaline bafes only in

part ;
and is known to be the weakeft of all acids,

as all of the others, not even the carbonic acid ex-

cepted, difengage it from the fubftances with which it

combines.

The aftion of the other acids on the boracic is not

well known. It appears to effed a partial decompo-

fition of the fulphuric acid ;
for when diftilled on this

fait, the fulphuric pafles into the ftate of the fulphu-

reous acid. As to the nitric and the muriatic acids,

we know that they diflolve it
; but the phaenomena

which take place on that occafion have not yet

been fufficiently attended to, to enable us to deter-

mine whether or not a mutual decompofition then takes

A diverfity of opinions prevails concerning the na-

ture and the formation of the boracic acid. A num-

ber of chemifts have believed it to be an intimate com-

bination of the fulphuric acid, and a vitrificable earth

with a fat matter. Meflrs Bourdelin and Cadet think

it to be formed by the muriatic acid. The latter of

thefe two gentlemen thinks that it muft contain a fmall

quantity of earth of copper, becaufe it has the fame

pro-
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property with the oxides of copper, of communica-
ting a green colour to the flame of combuftible bo-

dies. Cartheufer allures us, that on drying and cal-

cining it by the action of a flow fire, a quantity of

the boracic acid in a Hate of great purity, he obier-

ved it to emit vapours of the muriatic acid
; and

that on diflolving this fait thus dried, and filtrating the

folution, he found a grey earth remaining after the fil-

tration
; and laftly, that by many repetitions of this

calcination and folution, he at length accomplilhed

the entire decompofition of the boracic acid, and

found it to be a modification of the muriatic render-

ed fixed by an earth. This experiment has been re-

peated by Meflrs Macquer and Poulletier de la Salle;

theyobferved an odorous vapour to be difengaged during

the calcination ofthis fait, but they were not able to di-

ftinguifh from its fmell that it was muriatic acid. By re-

peated deficcations and folutions, they obtained a fmall

portion of grey earth ;
but this earth, when united with

the muriatic acid, did not form fedative fait, as Car-

theufer had given out ;
and of confequence this che-

mift’s opinion appears to be no better fupported than

the reft. Model thought this fait to be a combina-

tion of a peculiar alkali with the fulphuric acid,

which is ufed in difengaging it. But this opinion

cannot be admitted ;
for the boracic acid is always the

fame, whatever be the acid ufed to precipitate it. M.
Baume fays, that he found means to produce the bo-

racic acid by leaving a mixture of greafe and clay

to macerate for 18 months. At the end of that time,

he obtained from it, by lixiviation, a fait in fmall

fcales, with all the properties of fedative fait. From
this he concludes the boracic acid to be a combina-

tion of the acid of greafe with a^very fine earth,

B b 4 which
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which it is impoflible to feparate entirely from it. He
adds, that the fame fait may be produced with vege-

table oils, but more (lowly. M. Wiegleb repeated M.
Baume’s experiment, but without obtaining boracic

acid.

Chemifts at prefent think this to be a peculiar a-

cid differing from all others, and poffeffmg certain

charadfceridics of its own. Its eledive attradions

with alkaline bafes are arranged by Bergman in the

following order
;
lime, barytes, magnelia, potadi, fo-

da, ammoniac. As they differ greatly from thofe of

the other acids above-examined, they afford an ad-

ditional proof of the peculiarity of the nature of this

acid, whofe component principles remain dill un-
known.

The ufe of the boracic acid in medicine was fir It

introduced by Homberg, who afcribed to it quiet-

ing narcotic qualities, and gave it the name of feda-
tive fait , or volatile narcotic fait of vitriol

, becaufe
he had obtained it by fublimating a mixture of
nitre and vitriol. But experience has fince lhown
the medical virtues of this fait to be but very mo-
derate

; at lead it mud be given in a much dronger
dofe than Homberg has di reded, in order to pro-
duce the effeds he afcribes to it

;
and it is very pro-

perly rejeded, as we have many other medicines
of the fame clafs, whofe effeds are much more cer-
tain.

It is ufed in many operations of chemidry, and in

the affaying of metals as a dux. We will fpeak of
its application to this purpofe in a fubfequent chap-
ter.

CHAP,
[End of Vol. I. of the Original

.

J
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CHAP. V.

Order II. Secondary, or Neutral Salts *.

UNDER the name of fecondary falts,
are compre-

hended all fuch fubftances as are formed by the

combination of two primary faline matters. They

have received the name of neutralfalts, becaufe they

poflefs not the charadleriftics of primary falts
;
that is,

they are neither acid nor alkaline. Yet feveral ofthem,

fuch as borax, chalk, and alkalis when united with

the carbonic acid, exhibit, though in an inferior de-

gree, fome of the properties ofprimary falts. Thefe fe-

condary falts have not fo ftrong a tafte as moll of the

primary
j

The author has here the following note.

* The reader may here recoiled that this work is divided into four

parts. The firft, contained in the firft volume, explains in eight chap-

ter the general principles of chemiftry : The fecond treats of the mi-

neral kingdom, or mineralogy : The third contains the chemical hi-

ftory of vegetables : The fourth of animal fubftances.

Mineralogy was divided into three fe&ions. The firft, included ia

the firft volume, explains in four chapters the phyfical and chemical
chara&eriftics of earths and ftones. i he fecond is appropriated to fa-

litie fubftances. This volume begins with the fifth chapter of the fe-

cond fedion.
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primary ;
nor do they difTolve, or enter into new com-

binations fo readily. But, what principally diftin-’

guilhes them from the primary is, their inability to

communicate faline properties to other bodies. . Their
cryftalline form is another charaderiftic by which
they are diftinguifhed

; it merits the attention of the

naturalifl but, though it fometimes determines their

nature, it alfo occafions frequent miftakes.

The term bafe, is commonly ufed to denote the

more fixed part of the compofition of neutral falts.

As this bafe, which is fometimes volatile, communi-
cates feveral pretty uniform general charaderiftics to

the various combinations with acids of which it ad-

mits, wTe fhall ufe the name of the bafe, to diftinguifh

the genera of fecondary falts. Thefe falts may then be
divided into fo many genera as there are faline or alka

line bafes capable of being united with acids.

The firft genus comprehends all fuch as are formed
by the union of the two fixed alkalis with any of the

acids. Theie we fhall denominate perfect neutral

falts

;

becaufe the union of their component parts is

very intimate.

The fecond genus includes thofe falts which are

formed by the combination of volatile alkali, or ammo-
niac, with acids. They have received the name of

ammoniacalfalts from the modern name of their bafe.

They may be alfo called imperfect falts, becaufe they

are much eafier decompofed than thofe of the former

genus.

In the third genus are ranked fuch as have lime for

their bafe. Thefe are in general more imperfed than

thofe of the fecond genus, although lime has a ftronger

affinity than ammoniac with the acids, as fhall be after-

wards ’
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wards particularly fhown. They are denominated cal-

careous neutral
J,

'alts .

The fourth genus confifts of combinations of mag-

nefia with various acids. Thefe hilts are ftill more ea-

fily decompofed than thofe of the lafl> mentioned ge-

nus
;
becaufe acids have a ftronger affinity with lime

and alkalis than with magnefia. Their proper name is

viagnefian neutral/alts, or neutralfalts with a hafe of

magnefia.

To the fifth genus belong thofe of which the bafe

is pure argillaceous or aluminous earth. Alum being

the chief of thefe combinations, they have received the

generic name of aluminous falts. Aluminous neutral

falts are almoft always decompofed by the operation of

alkalis, lime, and magnefia.

Laftly, To the fixth genus we affign neutral falts,

having a bafe of barytes or ponderous earth. Both thefe

and the greater part of the two preceding genera are

but very little known. Barytic falts is the diftinctive

name of this genus.

It may be eafily imagined, that thefe feveral ba-

fes, when combined with the acids whofe properties

we have examined, muft afford a very confiderable

number of neutral falts: and this number will be much
more confiderable, if, with Bergman, we admit as di-

ftindt falts the various combinations of thefe fame

bafes with thofe acids which he callsphlogifiicated

;

and

which, according to the modern dodtrine, are deprived

of a part of their pure air or oxigenous principle. But

as thefe compounds are liable to alteration on coming

into contadt with air, which caufes them almoft in-

ftantly to affume the character of real neutral falts, it

feems improper to add them to a lift which is already

but too numerous
; we ftiall, however, point out what

pecu-
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peculiar properties they acquire from the ftate of their

acids. We muff obferve farther, that though the al-

kaline bafes here enumerated, when combined with
aqua regia, afford a mixture of nitrous and marine
falts, yet as thefe may be obtained feparate, and are

perfectly the fame with thofe produced by the fimple

acids
; we mean, therefore, only to take notice ofthem

when fpeaking of the combination of alkaline bafes

with the fimple acids. Having hitherto examined no
more than fix principal acids, we are to treat only
of the neutral faline combinations into which thefe

enter.

In the arrangement of the feveral fpecies of the
neutral falts, the moll natural order feems to be that

of the affinities of the acids : and, therefore, through
all the genera, we begin with fulphatic falts, proceed-
ing from them to the nitric

; after which we treat

fucceffively of thofe whofe bafes are combined with the
marine, the boracic, the fluoric, and the carbonic acids,

the laft of which is the weakeft of all.

That our nomenclature may be clearly expreffive of
the nature of the fubfiances to which it refers, the

name which we affix to each of thefe falts is com-
pounded of the name of its acid and that of its bafe

;

and the various names by which any neutral fait

has been known at different periods are carefully fub-

joined.

6

Genus
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Genus I. Perfect Neutral Salts, or Salts with a hafe

of fixed Alkali.

Species I. Sulphate of PotaJJj.

Sulphate of potafli, which has been alfo called vi~

triolated tartar
,
Sal de duobus

,
Polvchrejl fait,

and Ar-

canum duplicatum, is a perfect neutral fait, refulting,

as its new name denotes, from the combination of the

fulphuric acid with potafli. It feldom appears in the

mineral kingdom ;
but a few vegetables contain a fmall

quantity of it.

This fait is generally in a greater or a lefs degree

tranfparent and regular ;
its cryltals differ in form and

magnitude, according to the circumftances in which

they are obtained. When formed flowly in the fmall

way, they affume the figure of tranfparent fix-fided

pyramids, nearly fimilar to rofe- diamonds
; and fome-

times, tho’ lefs frequently, they take the form of fix-

fided prifm?, terminating in two hexahedral pyramids,

much like rock cryflal. But if the evaporation be very

rapid, the cryltals are agglutinated into one mafs, under

the form of a folid cruft, the furface of which is cover-

ed with fmall irregular pyramidal fpikes: of this kind is

the fait of this name met with in commerce. Laftly,

when, in order to obtain the cryltals as regular as pof-

fible, a folution of this fait is expofed to a gentle fpon-

taneous evaporation by the heat of the atmofphere, its

cryltals are generally folid twelve-fided figures, joining

at the bafe, and fometimes feparated by a fhort fix-lided

prifm. Thefe indeed are ufually foul, and at no time

equal the whitenefs and tranfparency of thofe which are

obtained
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obtained by the former procefs of evaporation. But
one imperfection attending molt of thefe neutral falts

is, that they are either of a dark colour or an irregular

figure.

Sulphate of potafli has a very difagreeable bitter

tafte. Fire produces but little alteration upon it.

When laid on burning coals, it breaks with noife into

a number of little pieces : This phenomenon, which is

called decrepitation, arifes from the fudden rarefaction

of the water which entered into it when it was cryftal-

lized. But fulphate of potafh lofes none of its effential

properties by decrepitation. It decrepitates in the fame
manner when expofed to the action of fire in a cru-

cible, and becomes dry, friable, and even pulverulent,

by lofing the water which it contained: it becomes red

before melting, and a ftrong fire is requifite to bring it

to fufion. If expofed to cold when in a Hate of fu-

fion, it becomes an opaque mafs, friable, and foluble :

it appears likewife to have fullered no alteration of its

principles
; for it regains its tranfparent and cryftalline

form on being diffolved in water. If kept for a while

in the Bate of fufion in an open veflel, it is volatilized,

but without being decompofed.

Sulphate of potafli differs no alteration from air. It

remains in its cryftalline ftate, without differing any
change either of form or of tranfparency. It is fcarce

foluble in water
;
yet the difficulty of diffolving it is

greater or lefs according to the temperature of the

fluid. According to Spielman, about 18 parts of cold

water are required to diflolve i of this fait. But boil-

ing water diffolves it nearly in the proportion of 4 to i

;

xor M. Baume allures us, that 4 ounces of boiling

water diflolve 7 drams and 48 grains of fulphate of

potafli. It is cryftallized partly by cooling, but ftill

more



Salts. 399

more by evaporation : It contains but very little water

in its cryllals, and therefore fufFers no change of Hate

|

when expofed to the air.

Sulphate of potafli adds not at all on fimple earths.

1 When accidentally mixed with falts ufed as fluxes

i in making glafs, it is found again in the fcoriae
;
and

it is obtained in conflderable quantities from glafs

gall.

According to Bergman, barytes or ponderous earth

having more affinity than potafli with the fulphuric a-

cid, decompofes this neutral fait. If a folution of this

earth be poured on a folution of fulphate of potafli,

this procefs forms a precipitate of barytic fulphate or

ponderous /par, which is abfolutely infoluble
;

its pro-

perties we fhall hereafter examine. The potafli, if pure

and cauftic, remains diflolved in the liquor.

Lime and magnefia act not on fulphate of potafli

;

but many of the acids act very forcibly upon it. Rouelle

difcovered that it is poflible to combine with this fait a

greater quantity of the fulphuric acid than it naturally

contains. His procefs confifted in diddling a quan-

tity of concentrated fulphuric acid on fulphate of

potafli. The neutral fait becomes impregnated with the

acid, and acqudes new properties : it now reddens the

tincture of violets, is foluble in water, has a four

tafte, and effervefces with alkalis faturated with car-

bonic acid, even after being diflolved and cryftallized.

M. Baume has maintained, that no real combination takes

place between the acid and the neutral fait, and that

they may be feparated merely by placing them on bibu-

lous paper or fand. But Macquer remarks, that the ful-

phuric acid adheres with no inconflderable force to ful-

phate of potafli; and thinks that their mutual adhefion

mult be owing to a peculiar affinity between the two fub-

ftances :
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fiances : according to him neither lire nor water is able

to feparate them. 1 have feveral times combined the

concentrated fulphuric acid with fulphate of potafh, in

Rouelle’s way ;
that is, by dihilling them in glafs

retorts, and have obferved fome phenomena not men-

tioned in his difiertation on the fubject. Sulphate of

potafh melts on the occalion into a kind of glafs or

opaque white enamel of a ftrong acid tafte : but this

vitreous frit does not attraft moifture from the air
; on

the contrary, it rather exhibits appearances of effloref-

cence, when the acid makes only a fourth part of the

total weight. There is, therefore, as Macquer thought,

a pretty ftrong adhefion between the neutral fait and the

acid
;
and that adhefion is no doubt owing to a peculiar

combination.

M. Baume has obferved, that fulphate of potafh fuf-

fers a very confiderable alteration from the nitrous

acid. If aquafortis be boiled on this fait, the nitrous

acid feizes on part of the potafh, and difengages the

fulphuric acid contained in it. When this mixture is

fuffered to cool, its cryftals are pure nitre. It was at

firft thought that this decompofition could not take

place without the help of heat ; but if fuming fpirit

of nitre be poured on fulphate of potafh in powder, it

will be found at the end of fome hours to have depo-

Ilted cryftals of nitre. It was likewife advanced, that

when the mixture became cold, the fulphuric acid, re-

fuming its rights, decompofed in its turn the nitre of

potafh : but I have kept mixtures of fulphate of potafh

with fpirit of nitre for feveral years, and at the^bot-

tom of the mixture there were always faline cryftals

which detonized on burning coals, and fuftered no

change of nature though immerfed in the fulphuric

acid feparated by the nitrous. M. Cornette has ob-

ferved,
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Served, that the concentrated muriatic acid likewife

decompofes ful'phate of potaffi, even cold. From thefe

two facts it would appear, that the law of affinity re-

fpecting the different acids does not hold fo invariably

as was imagined. Yet we mutt obferve, with Berg-

man, 1. That whatever quantity of the nitrous and

muriatic acids be made ufe of in thefe experiments, no

more than a third part of the given quantity of fulphate

of potaffi is ever decompofed ;
while the fulphuric acid,

when applied in a moderate proportion to nitrous and

muriatic falts, effects a total decompolition of them

:

2. That fuch a decompolition never takes place, ex-

cept when the fulphate of potaffi contains rather more

of the fulphuric acid than is neceffary to conftitute it

a neutral fait.

But of all the modes of decompofition to which ful-

phate of potaffi is liable, the mod worthy of our atten-

tion is that which it differs from many combuftible

matters, more efpeciaily from charcoal and feveral me-
tallic lubftances (See my Memoires de Chirnie, p. 225.).

If a mixture of this fait with coal be ftrongly heated

in a crucible, the fulphate of potaffi will be converted

into fulphur united with the hxed alkali. Siahl

thought this a very happy experiment for demonitra-

ting the exiftence of phlogifton
;
modern ehemifts ex-

plain it by the pneumatic theory. In the hiltory of

fulphur, we ffiall give both theories.

A quintal of fulphate of potaffi in cryltals contains
>

according to Bergman, about 52 parts of potaffi, 40
of fulphuric acid, and 8 of water,—which is neceffary

to make it cryftallize.

As this fait is found but feldom in nature, and even
then in fmall quantities, the fulphate of potaffi made ufe

of in medicine is always a product of art. There are

Vol. I. C c thre$
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three ways of preparing it. Firft, by a direct combina-

tion of the fulphuric acid with potato. This inftant-

]y produces fulphate of potafii, which may be diffolved

in water, and cryftallized, as we have mentioned above.

The fecond way is, decompofing, by means of the ful-

phuric acid, neutral falts confiding of potato united

with other acids
;
fuch as nitrate, muriate, and carbo-

nate of potato, &c. : Sulphate of potafii is infallibly

obtained by all of thefe decompofitions. The third

way of forming this fait is by ufing potato to decom-

pofe earthy and metallic fulphuric falts. The potato

precipitates the falino-terreous fubftances and the me-

tallic oxides, and feizes the fulphuric acid. We will

have occafion to take farther notice of the laft two of

thefe methods of preparing fulphate of potato, when we

come to give an account of the neutral falts ufed in the

preparation.

This fait is not much ufed except in medicine. It

is a pretty efficacious purgative. It is foraetimes gi-

ven by itfelf in dofes of half an ounce or an ounce.

But it is molt generally given, a dram or two at once,

together with fome other purgative medicines. It is

ufed as a folvent in chronical difiempers, particulary

in coagulations of milk. It is then given in dofes of a

few drams together in certain preparations of liquids
;

but its folvent power is much inferior to that of many
other neutral falts, which are more foluble and lefs

naufeous.

The fulphureous acid, or the fulphuric with an o-

verplus of fulphur, forms, when combined with potafii,

a fait fomewhat different from that which we have

been confidering. Stahl called it fulphureous fait

;

we give it the name of fulphite of potajl). This fait

pyftallizes in polyhedrons of ten lides, or in two te-

trahedral
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trahedral pyramids cat towards theii: bafes : it is very

bitter, eafily foluble^ and rather deliquefcent- Almoft

1 all mineral acids, 'and many vegetable acids, difengage

[: the fulphureous acid from this fait with cffervefcence,

S

and in a gafeous form. Sulphite of potafh, when ex-

pofed to the air, gradually abforbs the oxigenous prin-

ciple, and is converted into fiilphate of potafli.

Species It. Sulphate of Soda.

Sulphate of foda, which has been hitherto known
by the name of Glauber fait, from the name of the Ger-

man chemift who firft difcovered it, is a perfefl neu-

tral fait, formed, as its name indicates, by the union of

the fulphuric acid with mineral alkali or foda. This

fait poffelkes many properties in common with fulphate

of potalk, and fome peculiar to itfelf. It is equally

difpofed to cryflallize as the other
;

has a bitter tafte

;

is fcarce fufible ;
diffolves in water; is incapable of

union with earths ; and, like fulphate of potafli, is de-

comDofable in part by the nitrous and muriatic acids.

Many of its properties, however, are confiderably dif-

ferent from thofe of fulphate of potafli
;

as we fliall fee

by examining them particularly.

Sulphate of foda is commonly a body of a regular

form, and more or lefs white or tranfparent. Its cry-

ftals are prifms with fix unequal and llriatcd fides ter-

minating in dihasdral fummits. They are feldom un-

der a regular form, and the number of the fides varies

as well as their fize, poflure, and Arise
;

as M. Rome
de Lille has fhown very particularly in his cryftallogra-

C c 2 phy.
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phy. The pi'ifms of this fait vary in fize froin the

form of fmall needles, very minute, to prifms half an

inch in diameter and fix or eight in length
; which laft

are obtained when a great quantity is cryilallized at

once. Its tafte is at firft frefh, but foon becomes very

difagreeably bitter. It produces no alteration on blue

vegetable colours.

When expofed to the ad ion of lire, it is quickly li-

quefied : but it foon dries and becomes of an opaque

white colour
;

in which Hate it is no lefs difficult to melt

than fulphate of potafh. In order to form a juft no-

tion of what paffes when heat ads with this effect on

fulphate of foda, we mull take notice that faline fub-

ltances are melted two ways. i. By means of the wa-

ter which enters into their cryftals, which is called

aqueous fufion. This' takes place only on fuch falts

as are more foluble in warm than in cold water
;
which

happens becaufe the portion of the fluid which enters

into the conftitution of their cryftals, being then warm-
ed, diffolves the faline matter. This aqueous fufion is

therefore nothing more than folution by warm water :

and therefore fulphate of foda affumes again a folid

form when it is fuffered to cool. 2. But if the heat be

continued after it is liquefied, it becomes dry and white

:

it may then be melted by means of a more intenfe heat

;

and this fufion is adually the effect of fire, and is.

therefore called igneous fufion . Sulphate of foda is

therefore no lefs difficult of fufion than fulphate of

potafh
;
and like it is volatilized by the extreme vio-

lence of fire, but fuffers no alteration of principles from

the adion of heat.

It is likewife on account of their containing a great

quantity of water, that the cryftals of fulphate of foda,

when expofed to the air, are in a Ihort time reduced
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to a very fine white powder. This phenomenon is

culled efflorefcence ; becaufe in faft the cryftals are co-

vered over with a kind of fine flour, in whitenefs and

form refembling the fublimated matters which are

known in chemiftry under the improper name offlowers.

The caufe of this falt’s falling down in this manner,

when expofed for fome time to the air, is its lofing the

water on which the conftitution of its cryftals depends.

It therefore efflorefces moft readily when the air is ve-

ry dry, and of confequence eager to abforb moifture.

This phaenomenon, therefore, bears a great refemblance

to 'the defecation effe&ed by heat : both depend on

the evaporation of the water to which the cryftalline

form is owing. Yet, as the water which enters into

the cryftals of fulphate of foda, and of all efflorefcent

falts in general, is perfedtly combined with the laline

matter
;

efflorefcence appears to be owing to a kind of

elective attraction between air and water. This phae-

nomenon is therefore to be coniidered as a decompo-

fition of cryftals, taking place in confequence of water’s

having a greater affinity with air than with the faline

matter. Such has always been my idea of effloref-

cence, and I do not fee how it can be explained other-

wife {See my Memoires de Cbimie). Sulphate of foda

lofes almoft half its weight when it undergoes this al-

teration : but its nature is not changed, and we may
caufe it to refume its cryftalline form, by reftoring to

it the water ’which it has loft. Though no writer on
Materia Medica has as yet made the obfervation, yet

to us it feems an object of fome importance, to know
the exadl quantity of water which fulphate of foda

lofes when it efflorefces, in order that the fame quan-
tity may be always preferibed for a dofc, in whatever

gf the two dates the fait may happen to.be. Rather
f C c 3 more
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mors than one-third lefs of this fait Ihould be given

when it is in a Hate of efliorefcence than when it is un-
der the form of fine transparent cryftals.

Sulphate of foda diffolves very eafily in water. No
more than four parts of cold water are neceffaryto dif-

lolve one of this fait. But a fmaller quantity of warm
water will be fufficient to diffolve the fait, and a hill

fmaller quantity in proportion as the water is made
hotter. One part of boiling water diffolves almofl as

much of this' fait as is equal to its own weight. The
method in which we make it cryftallize is founded on
this property. As it is more foluble in warm than in

cold water, all that we need to do is, to leave a flrong

folution of this fait to cool
; and it affords cryftals

which are more or lefs regular, and of a greater or

a fmaller fize, in proportion as the quantity of the fo-

lution is greater or lefs, and as it is cooled more flow-

ly or more quickly. In the laboratories of apotheca-

ries, where this operation is performed in the great way,
ftriated prifms feveral inches long are often obtained,

which afford fpecimens of the regularity of the form
of this fait.

Sulphate of foda adts no more on filiceous or alumi-

nous earth than fulphate of potafh : and as it is fo dif-

ficult of fufion, it is no more ufed in making glafs than
the other. Barytes decompofes it as well as fulphate

of potafh
; but the other falino-terreous fubftances pro-

duce no alteration upon it.

Pure cauftic potafh, mixed with a folution of fulphate

of foda, decompofes it
;
'becaufe it has a ftronger affinity

than foda with the fulphuric acid. In order to receive

full conviction of this, the reader may pour a lixiviate

of cauftic potafh on a warm and ftrongly faturated fo-

lution of fulphate of foda. This folution, which, if

fuffered
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t

iuffered to cool, would have afforded cryftals of the

latter, gives fulphate of potafh by evaporation ;
and

the mother water contains canftic foda.

The fulphuric acid combines with fulphate of foda,

and adheres to it in the fame manner as to fulphate of

potalh.

The nitrous and the muriatic acids decompofe it with

the fame attendant circumftances as when they decom-

pofe fulphate of potafh.

When fulphate of foda is violently heated with char-

coal and fome metals, the fulphuric acid affumes the

form of fulphur, as we fliall have occafion to mention

under the hiftory of that combuftible body.

All of the properties in which fulphate of foda dif-

fers from fulphate of potafh, ferve as fo many proofs

that the two fixed alkalis, however fimilar in their

ftate of purity, are neverthelefs extremely different from

each other ;
becaufe they form very difliinilar falts

when combined with the fame acid. Befides, the pro-

portion in which the principles of this fait are united

is very different from that by which fulphate of potafh

is formed : for, according to Bergman, a quintal of

fulphate of foda contains 15 parts of foda, 27 of fulphu-

ric acid, and 58 of water.

This fait is more copious in nature than fulphate of

potafh. It is obtained in great abundance from fea-

•water, from the water of certain fait fprings, and more
efpecially from many mineral waters. Art can like-

wife procure it by the three methods of which we have

given a defcription in the hiflory of fulphate of pot-

afh. It is not more ufed in the arts than that fait

;

but much more in medicine. It is given as a folvent,'

aperient, and purgative, in dofes of—from half a dram
to an ounce and an half, according to the cafes in

C c 4 which
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which it is adminiftered. Its effe&s are even more
ftrong and quick than thofe of fulphate of potafh

; be-

caufe its fapid'ity is greater, and it diflolves much
more readily in the humours of the human body.
We are igndrant of the properties of fulphite of

foda, or of that fait which is formed by the combina-
tion of the fulphureous acid with alkali of foda.

Species III. Nitrate of Pota/h, or Common Nitre.

Nitrate of potafh, common nitre, or faltpetre, is

formed by a faturated combination of the nitric acid

with potafh. This fait has a frefh tafte, is a perfect

neutral fait, and does not alter the colour of fyrup of

violets. Its cryftals are fix-fided prifms, terminating

in dihedral pyramids, or cut off' with a Hope, and of-

ten channelled from one end to the other.

There is great abundance of this fait in nature : it

is continually forming in places inhabited by animals.

It is likewife found in abundance on walls fheltered

from rain; and is then called faltpetre de houffage.

There feem to be three circumftances which chiefly

promote its formation. The firft of thefe is the pre-

fence of chalk, or fome calcareous fubftance : in this

manner is the nitre formed which is gathered on walls

covered with plaffer
; and from this circumflance, con-

fiderable quantities of nitre are usually found on the

demolition of old buildings. This fait is obtained in

a flate of perfect purity from chalky earths. The
Duke de la Rochefoucault has obtained it in the pro-

portion of an ounce to the pound from chalk of Roche-
jGuyon.

The
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The lecond circumftance favourable to the producr

tion of faltpetre is the putrefaction or Ipontaneous de-

compoiition of animal and vegetable matters. It is a

well known fact, that places watered with animal li-

quors, or containing animal matters in a date of putre-

faction, fuch as dunghills, ftables, jakes, aflord great

quantities of nitrate of potafli. This faCt has always

been gone upon as a principle, in forming beds for the

artificial production of nitre. Ditches or covered fheds

are formed, and left expofed on all fides to the air

:

thefe are then filled with putrefcent fubftan'ces, fuch

as dung of all kinds, and vegetable fubftances
j
water

containing animal or vegetable matters is from time to

time poured on the mafs ;
and it is ftirred now and

then to change the relative difpofition of the furfaces,

When the putrefaction is confiderably advanced, a

fmall portion of the matter is taken and lixiviated, in

order that it may be known whether it contains nitre

;

and if it be found to contain a fufficient quantity of

the fait, the whole mafs is fubjeCted to the fame pro-

cefs.

The third circumftance apparently favourable to the

production of nitre, is the contact of the air. This is

one great caufe of the formation of the faltpetre found

on walls
;
and it is on this principle that the mixture

depofited for the artificial production of nitre is fre-

quently ftirred, in order that the, air may have accefs

to every part of the mafs. Beds of chalk, which na-

turally contain nitre, afford it only to a certain depth,

and not lower. Where thefe three circumftances meet,

nitre is produced in great abundance. Beds for the

artificial production of nitre fhould be formed on thefe

principles.

It
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It is but a very fhort time fince the theory of the

production of nitre came to be known. Glauber, and

a number of chemifts who implicitly adopted his opi-

nion, thought this fait to be entirely formed in vege-

table fubftances, in them conveyed into the bodies of

animals, and by putrefaction only difengaged into a

free feparate Hate : But it was foon obferved, that the

vegetables ufed for its production in nitre-works could

not be fufficient to afford, of themfelves, the quantities

obtained. M. Thouvenel, who by his effay on the for-

mation of nitre gained a prize from the Academy, made

a great many experiments with a view to dilcover its

caufe, and found that the nitric acid was formed by

the combination of an elaflic fluid difengaged from

animal matters in a flate of putrefaction with vital air.

He has alfo fbown that this acid, when formed, com-

bines with calcareous earth, where nothing but ani-

mal matters is ufed for nitre beds
;
and that the ufe of

vegetable fubftances is to furnilh fixed alkali or potafh,

which is the bafe of common nitre. M. Thouvenel

had not determined the nature of the gas which is dif-

engaged from animal matters in a flate of putrefp&ion.

And Mr Cavendifh lias fince fliown it to be the fame

with that which, under the name of phlogifticated air,

atmofpheric mephitis, or azotic gas, conflitutes one of

the principles of the atmofphere. By combining this

gas with vital air, by means of the eleCtric fpark, he

obtained a produCt of genuine nitric acid.

Nitrate of potalh is very liable to alteration from

heat. When expofed to the aCtion of fire in a crucible,

it foon liquefies-—by igneous fufion
;

for though kept

for fome time in that flate, it does not become dry

;

and though made red hot, does not affume a pulveru-

lent form. When fuffercd to cool, after being melted,

it



Salts. 4i?

it congeals into an opaque mafs which is named cryftal

mineral
,
and is equally ponderous, fulible, and loluble

with nitrate of potalh. The cryftal mineral ol the

apothecaries lhops is fomewhat different from pure

melted nitre : for it contains a little fulfate of potalh,

produced by the combuftion of fulphur, which, ac-

cording to the Parifian pharmacopoeia, is ufed in the

proportion of a dram to the pound of nitre in the pre-

paration of it.

Ifnitrate ofpotalh be left expofed to the aclion of lire,

after being melted, it will be of itfelf decompofed and

reduced to alkali. This operation fucceeds equally

well in a retort
;
and when performed in this manner,

is of ufe to explain the decompolition of the nitric acid.

In fact, inltead of the nitric acid palling off pure,

there efcapes a large quantity of an aeriform fljiid,

which may be collected under w'ater, and is found to

be genuine vital air mixed with azotic gas. The re-

iidue of alkali uiually melts the retort very foon after

it is feparated
;
and when w7 e with to purfue the ope-

ration to a conclulion, we mult ufe a Hone retort which

may be proof againft its adlion. Here w7e have the

nitric acid entirely decompofed into vital air and azo-

tic gas by means of heat, which alone is able to feparate

thefe two principles. If the heat be not continued fo

long, or made fo intenfe, as to effedt the entire decom-
polition of the nitrate of potalh, the alkali Hill retains a

certain quantity of the nitrous acid, or of the nitric with
an excefs of nitrous gas. This acid may be difengaged
from it by vinegar. In this Hate, the fait is what we
call nitrite ofpotaJJj ,

the nitrous acid being fuperfatu-

rated with azotic gas ; in the fame manner we called
the combination of the fulphureous acid u7 ith potalh
Sulphite of potnfh. If nitrate of potalh be afled upon

by
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by a very intenfe heat, a refidue of pure cauftic alkali

is obtained. Since heat decompofes nitrate of potalh

with fuch facility, it may be naturally inferred, that

when cryftal mineral is prepared by fimple fufion, the
fait mult not be too long expofed to the fire. If this

precaution be neglected, the medicine will contain
more than a juft proportion of potalh, and will produce
too violent effects.

The decompofition of nitrate of potafli is attended
with other phenomena, when it is expofed to the ac-

tion of fire, together with combuftible bodies. When
laid on a coal it gives a white lively flame, attended
with a kind of decrepitation: this is called the detona-

tion, or fujion of nitre

:

the fait is then faid to deto-

nize or melt
; and by this charadteriftic nitre may be

“at any time eafily diftinguilhed. Stahl thought this

phenomenon to be owing to the rapid combination of
the acid of nitre with phlogiflon

; and M, Baume pro-
ceeding on the fame theory, thought that in this ope-
ration a quantity of nitrous fulphur was formed, which
was inftantly inflamed, In the year 1780, I read in
the Academy a Memoir, in which I have fhown that

nitrate of potalh is neither combuftible of itfelf nor
yet forms nitrous fulphur when it detonizes

;
and that

this phaendmenon j.s entirely owing to the flower or

quicker combuftion of the combuftible matter necef-

iary to make the fait detonize, in confequence of the

difdngagement of the vital air, which efcapes in great

abundance from nitrate of potafli ftrongly heated. This
theory is completely proved : 1 . Becaufe the fait ne-
ver detonizes by itfelf. 2. Becaufe after its detonation
by means of an inflammable matter, that matter is

found to be entirely burnt up. 3. Becaufe the greater

the quantity of the nitrate of potafli in proportion to

2 that
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that of the combuftible matter, the more complete is the

combuftion of the latter fubltance. 4. Becaule detona-

tion takes place as well in clofe veflels as in the open air,

which could not pofiibly happen if the fait did not fur-

nifli vital air. This aflertion receives the fulled: flip-

port from the phenomena attending the procefs for

making the clyflus of nitre
;
which is merely a detona-

tion of this fait with different combuftible matters in

clofe veflels. We fliall mention here only that which is

made with charcoal. Two or three large receivers fitted

together are applied to a retort of earth or iron, with an

orifice in the upper part, which may be clofed with a

cover or ftopper. This veflel is heated till its bottom

be made red, and then a mixture of nitrate of potafli

with coal is put in by the orifice, which is immediately

fhut. During the detonation, the receivers are filled

with vapours, part of which is condenfed into an infi-

pid liquor, not at all acid, but often alkaline. The
refid ue is potafli faturated with carbonic acid : the

nitric acid is then totally decompofed, and a large

quantity of gas is produced, which I have collected by
fitting to the orifice in the upper part of the receivers,

either a bladder or tubes, the extremities of which en-

tered glaffes full of water. This gas was moftly car-

bonic acid mixed with a little inflammable^and azotic

gas
;
the laft of which is one of the principles of the

nitric acd. The inflammable gas is produced in con-

fequence of the decompofition of part of the water of

nitre by the charcoal.

The refidue, after the detonation of nitrate of pot-

afli with charcoal in a crucible, is improperly called

nitre fixed by charcoal

:

it is potafli combined with car-

bonic acid.

Nitrate
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Nitrate of potafll, when very pure, fuffers no altera-

tion from the action of the air.

It is eafily foluble
; for three or four parts of boiling

water dilfolve one of nitre, and boiling water dif-

folves a quantity of it equal to twice its own weight.

It therefore cryltallizes very readily by cooling.

On its poffelfing thefe two properties is founded the

art of extrading nitrate of potafh from plafter or

rubbifli containing it. The faltpetre makers put the

pounded plafter or rubbilh into a veffel with a hole at

the bottom, and cover it with allies. Through this

matter they pour water; taking care to pour pure wa-
ter on rubbifli that has'been already wafhed, till it be
deprived of all the nitrous matter it contains

; and
pouring water already impregnated with nitre upon the

unwalhed rubbilh, in order that it may be completely
faturated. They next evaporate the lixivium thus
formed in copper veffels. They Ikim off the firft pel-

licles, which are only the muriate of foda or marine
lalt contained in the rubbilh. This fait they callgrain;
and by their regulations, they are obliged to carry it to

the refining houfes. When the w^ater is evaporated to

fuch a degree, that the refidue when cool muff become
folid, they put it into other veffels in which the nitrate

ofpotalh is cryftallized. This fait, which is very im-
pure and dirty, is called nitre of the firjl boiling. Some
chemifts have been of opinion that the allies ufed in

making faltpetre ferved only to cleanfe the nitrate of

potafll of certain greafy impurities
;
and that opinion

appeared to be fupported by the fad, that thefe matters

contain almoft no alkali, and the allies of tarmariik,

ufed by the falt-petre makers of Languedoc, contain

only fulphate of Soda. But this fait, as well as fu'l-

pliate of potafll, is as ufeful as an alkali for decompo-
iing the calcareous nitrate, which is found in fuch abun-

3 dance
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dance in plailer or rubbifh, by the way of double elec-

1 tive attraction, as M. Lavoifier has obferved with re-

1 lped to the lixiviated alhes ufed by the faltpetre raa-

-I kers of Paris. We lliall fay more upon this under the

article of Calcareous Nitrate.

Nitrate of potafli of the firft boiling is always very

impure. It contains five other kinds of falts befides

pure nitre ;
namely, muriate of foda, nitrate ol mag-

nefia, calcareous nitrate, muriate of magnefia, and cal-

careous muriate ; and thefe mull be feparated, if we

wilh to obtain nitrate of potafli in a ftate of purity.

The mixture is purified of thefe falts, by diffolving it

again in the fmalleft poffible quantity of water, and

clarifying this boiling liquor by means of bullock’s

blood, which carries off all impurities by collecting

them on the furface in the form of a fcum. This lix-

ivium is then evaporated, and by cooling the refidue, a

nitrate of potafh is obtained, much purer than the for-

mer, which is faid to be nitre of the fecond boiling.

Still, however, it is vitiated by a certain quantity of

muriate of foda and mother-water. It is a third time

purified by the fame procefs, and it then becomes

much purer and whiter
;

it is now nitre of the third

boiling. As it is made to cryftallize very rapidly, it is

obtained in large irregular maffes
;

and yet in the

middle of the veffels there is formed a layer of long

regular cryftals, which is called nitre in flicks. Nitre

under this laft form is not ufed in arfenals, being not fo

fit for making good gun-powder as nitre in large irre-

gular maffes; becaufe the water which entered into it

when it was cryflallized would retard the combuftion

of the powder.

Chemifls and apothecaries go on to purify nitre of

the third boiling by new folutions and cryftallizations.

By
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By this means they are certain of at length obtaining

very pure nitrate of potafh, entirely free of every ex-

traneous mixture, and containing no muriate with ei-

ther foda, or lime, or mag'nefia for its bafe. Though,
thefe are fcarce ever taken entirely away where the

operation is performed in the great way *.

Nitrate of potafh appears to be liable to fome altera-

tion from filiceous earth
;

for by diftilling it with fand

the acid is feparated. This acid comes off colourlefs, but

fome vapours are diffufed at the time. The relidue is

vitreous in a greater or a lefs degree, according as there

was a greater or a lefs quantity of fand employed, and as /

the heat was weaker or more intenfe. Sand appears to

decompofe nitrate of potafh by its tendency to combine

with its alkaline bafe : for when nitre is diftilled with-

out any intermediate body being ufed, there is no ni-

trous acid, but a mixture of vital air with azotic gas,

obtained. The reafon of this I take to be, that when
nitre of potafh is diftilled without an intermedium, the

alkali reacts on the acid, and contributes to its decom-

pofition
y
whereas, when this fait is heated with a mix-

ture of fand, the fand, by its tendency to form glafs by

combining with the potafh, prevents the alkali from

reading on the acid, which therefore eicapes unalter-

ed.

* There is no more extraordinary natural or chemical fa& than

the production of fix fpecies of fait in the rubbifh of old houfes, each

of the alkaline bafes being conftantly united with a peculiar acidv

Potafh is always united with the nitric acid, and foda is always com-

bined with the muriatic. There would feem to be fome particular

relations between thefe different kinds of primary falts, in confequence

of which they mutually feleCt each other ; for why is there no muri-

ate of potafh or nitrate of foda ? The fame thing might be obferved

of the earthy falts : in fa&, there is much more muriate of magnefia

and calcareous nitrate, than nitrate of magnefia or calcareous muriate i

and this fhows magnefia to have a peculiar affinity with the muriatic;

and lime with the nitric acid.
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ed. Argillaceous earths likewife decompofe nitre. Co-

>1 loured clay is generally made ufe of -for this purpofe.

t The diftillers of aquafortis in Paris make ufe of ail

: earth of this kind. Into earthen retorts, of a peculiar

form, called cuilies, they put into each two pounds of

nitre, of the fecond boiiing, with fix pounds of colour-

ed clay of Gentilly : the retorts are arranged one be-

lide another, in long furnaces known by the name of

galleries

;

and the neck of each retort enters a bottle

of the fame form, ferving as a receiver. By this means

they obtain at firft a tranfparent liquor, fomewhat acid,

which they call phlegm of aquafortis
,
and afterwards

the acid gradually more and more concentrated. The
relidue is a very hard, red, earthy fubftance, which

ferves for making a kind of mortar. But this experi-

ment by no means proves that clay decompofes nitre

of potafh :—For, i. The nitre ufed by the diftillers is

very impure, containing a great deal of earthy nitre :

2. The clay which they make ufe of is of a very com-

pound nature, often containing a great quantity of py-

rites, the vitriolic acid of which may poifibly decom-

pofe the nitre. In order that this decompofition might

determine the fact in queltion, it fhould be made with

white clay, or rather with the bale of alum or alumi-

nous earth. As this earth has not fo great a tendency

as fand do unite with the alkali, and does not form

glafs by combining with this fait, it does not feem ca-

pable of effecting fo complete a decompofition of nitre

of potafh as fand produces. M. Baume, however, fays,

that he obtained the acid of nitre of potalh by the ad-

dition of porcelain and clay baked in (tone-w are ; but

he thinks the decompolition of the fait was owing to

the acid contained in the clays.

Barytes decompofes nitre of potalh, and feparates the

Vol. I. D d alkali.

•

•
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alkali. Bergman, in his table of affinities, places this

falino-terreous fubftance before the alkalis, and imme-

diately after the nitric acid.

Magnefia, lime, and the alkalis, act not upon nitre.

But the acids ad in a very diftind manner on this

fait, particularly the fulphuric acid, which has really

a greater affinity than the nitric acid with the alkalis.

When a quantity of concentrated fulphuric acid is

poured on a quantity of dry nitre of potaffi, a conlider-

able effervefcence is produced, and red vapours are

feen to arife, which are actually nitrous acid. By per-

forming this operation in a receiver with a retort fitted

to it, we may colled this acid : it is known by the

name of fpirit of nitre. This operation is called in

the laboratories, the dijlillation of the fpirit of nitre in

Glauber's way ; becaufe Glauber was the firft who gave

a plain intelligible defcription of it. The receiver ufed

in this operation mult be perforated with a fmall hole,

to give vent to the vapours of the nitrous acid. It was

remarked, that there was much difficulty in cenden-

ling tftefe vapours, and the procefs was liable to two

accidents. The firft was, the lofs of no fmall portion

of the fpirit of nitre which efcaped through the orifice

of the veifel : the fecond, the danger to which the ope-

rator was expofed from fuch extremely acrid and cor-

rofive vapours. This procefs w7as therefore very de-

fective. Mr Woulfe, an ingenious Englifh chemift,

has found means to obviate thefe inconveniences.

Inftead of ufing a receiver perforated with a little hole,

he has adopted one with two necks. Into the extre-

mity of this veftel, which is fartheft from the receiver,

lie puts a tube, one end of which being in an horizon-

tal pofition, makes a right angle with the other, which

is vertical and inferted into a bottle. This bottle has

in
4*

' '*
- •
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in its fides two orifices
;

each of thefe receives a fy-

phon which patTes into another bottle handing befide

the firft. The two collateral bottles are joined by

means of a fyphon with two others, of which the late-

ral apertures remain open. The firlt bottle generally

remains empty : the collateral bottles contain a quan-

tity of water, in which the lower and longed extremi-

ty of the tube which communicates between the two

is immerfed • the upper part of the bottles remains

empty ;
and the acid vapour is conducted by the tubes

through the bottles. By the ufe of this ingenious ap-

paratus, the artift is fecured from all danger, and no-

thing is loft. The nitrous acid in vapour paiTes through

the retort into the firft bottles, and is there condenfed ;

and what is not condenfed in the firft pafles into the

fecond bottles, and there unites with the water. From
the lateral apertures of the iaft bottles, there efcapes a

certain quantity of vital air, which may be received

into proper glafles. This apparatus, as here defcribed,

pofieflfes one advantage worthy of our notice : When
the retort is left to cool at the end of the operation, a

vacuum is produced in the veflfels, and the external

air prefling on the water in the outer bottles {landing

open, forces it through the fyphons into the inner col-

lateral bottles
;
and from thefe again it paftes into the

middle bottle handing neareft to the retort. If the

firft bottle were not empty, or not large enough to con-

tain all the water from the others, the acid liquors

would pafs into the receiver : and as the ftrongeft ni-

trous acid is contained in that veflel, it would be mix-

ed with the liquors from the bottles, and therefore

would not poflefs the required ftrength. This circum-

fiance would be ftill more inconvenient in other in-

fiances of diftillation, of which we are hereafter to

D d 2 fpeak j
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fpeak
;
becaufe it would not fimply weaken the ftrength

of the product, but would even alter its purity.

In performing this operation in a laboratory, four

pounds of pure nitrate of potafh, melted into cryftal-

mineral, are put into a tubulated (tone retort, placed in

a reverberating furnace ;
or tubulated glafs retorts may

be ufed in a land-bath. Two pounds and an half of con-

centrated fulphuric acid are poured in at once through

the aperture, and it is then lhut. The apparatus above

defcribed, which we fuppofe to have been prepared

and put together on the preceding evening, is to be

inftantly applied and luted to the retort
;

it is next to

be gradually heated till nothing more comes over.

The difengagement of the gas, and its palfage into the

bottles, ferve to direct the operator in conducting the

procefs. If the gas appear to be difengaged with too

much rapidity, the heat is then too violent, and mult

be diminilhed, otherwife the whole mafs in the retort

will fwell up and pafs into the receiver : But again, if

it pafs too llowly, the fire mult be increafed to prevent

the abforption of the gas. This apparatus is therefore

happily formed to direCt the artilt in the management

of his procefs.

The refidue, after this decompofition, is fulphate of

potafh, formed by the union of the fulphuric acid with

the alkaline bafe of nitre. This refidue is known in

pharmacy under the name offal de duobus
,
or arcanum

duplication . It is ufually a white opaque mafs, half

vitrified, and filled with cavities pioduced in it when

it was fwelled by the heat. This fait is ftrongly acid,

on account of the quantity of fulphuric acid made uie

of in producing it \
and it is the excels of the acid

which caufes the fait to melt, as we have feen under
4 -l
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the hiftory of fulphate of potafli. The nitrous acid

obtained by this procefs is very red and fuming, be-

caufe the intenfe heat employed in the diftillation dis-

engages a portion of vital air. As it is always mixed

with a certain quantity of fulphuric acid, it is to be

rectified by a new procefs bf diitillation on a quan-

tity of nitre equal to one-fourth of its own weight.

We mull likewife obferve, that the nitre made ufe of

on this occalion mu ft be very pure, in order to aflord

nitrous acid in fuch a ftate that we may depend upon

its effects. That which is obtained from nitre of the

fecond boiling, contains muriatic acid, and ads with

the folvent power of aqua regia. This acid may be

purified of the muriatic acid which it contains by a

diitillation judicioufly managed
;

as is fhown by Meffrs

de Laffone and Cornette (Mem. Acad. 1781, p. 653 to

656.).

The concrete boracic acid decompofes nitre with the

help of heat, difengaging from it the nitric acid in a

concentrated ftate. It appears to effed this decompo-

fition by means of its fixity
;
which is the opinion of

the academicians of Dijon. Yet it mult be alfo afcri-

bed in part to the mutual attradion between the bora-

cic acid and the potafli bafe of nitre.

Nitre of potafh is much ufed in the arts. It is the

principal ingredient in gunpowder
;
of which compe-

tition we will have occafton to fpeak under the article

of fulphur. When burnt with various proportions of

tartar, it forms the melting matters called fluxes, which

are ufed in the allaying of metals for melting and re-

ducing metallic fubftances, &c. &c.

It is often ufed in medicine as a quieting, cooling,

refrefliing, diuretic, antifeptic medicine, &c. It is gi-

ven in any kind of drink, in dofes of—from ten or

D d 3 twelve
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twelve grains to half a dram and more. Phyficians

have daily inltances of its good effeds.

Species IV. Nitrate of Soda .

Nitrate of foda, which has been called cubic
,
quad

-

rangular, and rhomboidal nitre
,

is a perfed neutral fait,

refulting from a faturated combination of the nitric

acid with foda.

This fait generally appears in pretty large and very

regular rhomboidal cryftals. The name of rhomboidal

nitre defcribes it better than that of cubic nitre.

Its tafte is frefh, and rather more bitter thap th^t of

pitre of potalli.

Tire deeompofes this as well as the preceding fait

;

but it decrepitates, and does not melt fo ealily as the

other. It affords a mixture of vital air with azotic

gas, with an alkaline relidue like nitre of potafh.

It is rather more fubjed than nitre of potafh to al-

teration from the air, and attrads moifture, though not

with much force.

It diffolves in cold water even more readily than the

former fait
;

for two parts of water, at the ordinary

temperature of 6o°, are fufficient to diffolve one part

of nitrate of foda. Boiling water fcarce diffolves it in

a greater proportion : and therefore, when we wifh to

obtain it in regular cryftals, the folution mult be flow-

ly evaporated. If a tolerably clear lixivium of this

fait be fet alide in a dry place, at the end of lome

months it is found to contain rhomboidal cryftals, fix

or eight lines, and fometimes near an inch, long. This

js ufually the happieft procefs for cryftallizing falts

that are as foluble in cold as in warm water.

Nitre



Salts. 4*3

Nitre of focla detonizes on burning coals, and in-

flames any combuftible body heated along with it,

—

rather more flowly than nitre of potalh.

Siliceous earth difengages the nitric acid, and unites

with its bafe to form glafs. Clay alfo feparates the

acid, giving as a refidue a kind of grit, which becomes

porous and opaque after being expofed to a ftrong

heat.

Barytes decompofes it, and leaves the foda pure.

Magnelia and lime produce no fenlible alteration up-

on it.

Potafh having more affinity than the bafe of this fait

with the nitric acid, attracts it to itfelf, and forms with

it nitre of potafh. We obtain conviction of the truth

of this fact by a very Ample experiment. If a boiling

faturated folution of nitre of foda be divided into two

portions, and into one of thefe there be thrown a quan-

tity of cauftic potafh, the portion which received this

addition will depolite, when it cools, prifmatic cryftals

of nitre of potafh
;
while the other into which there

was no potalh put, will exhibit no cryftals at all, be-

caule nitre of foda cryftallizes only by a very flow eva-

poration.

If concentrated fulphuric acid be poured upon ni-

trate of foda, it will difengage the nitrous acid with

effervefcence. Nitrous acid is obtained by a diftdla-

tion of this mixture, as well as from nitre of potafh.

The other mineral acids act no more on this fait than

on the foregoing.

The neutral falts which have been already exami-

ned, fulphate of potafh and foda, and nitrate of potafh,

produce no alteration on nitrate of foda. When thefe

falts are all diflblved in the fame water, they cryftal-

lize feparately, each in its ordinary way : Nitrate of

P d q. potafh
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potafli and fulphate of foda, by cooling
; fulphate of

potafh and nitre of foda, by evaporation. From all

of thefe properties it appears, that nitrate of foda dif-

fers from nitrate of potafli only in its form, its tafte,'

its flight tendency to deliquiate, its being of ealier fo-

lution, and its cryftallizing by evaporation, and chiefly

by its fufceptibility of decompofition by potafli.

Nitrate of foda has not been yet found in nature.

It is always a product of art, and is formed in the five

following ways : i. By the direct combination of the

nitric acid with foda. 2. By decompofing with this

alkali earthy nitrates, ammoniacal nitrate, and metal-

lic nitrates 3. By decompofing muriate of foda with

the nitric acid for an intermedium. 4. By decompo-
fing fulphate of foda by the fuming fpirit of nitre. 5.

By decompofing fuch nitrous folutions of metals as are

fufceptible of it with muriate of foda : In this inflance,

in proportion as the muriatic acid combines with the

metal, feparating from it the nitric acid, the feparated

acid combines with the foda, which has alfo deferted

the acid with which it was before united. All of thefe

decompofitions tvill be particularly defcribed in the

refpetflive hiftories of the falts which are liable to

them.

Nitrate of foda might be employed for the fame pur-

pofes as nitrate of potafli. But as it does not produce
all the eflfe&s of that fait, doubtlefs on account of its

having a greater affinity with water, it is not made ufe

of in the arts. Befides, as it is not found in nature,

but is merely a product of art, no attempt has been
made to apply it to any particular ufe. A fufficient

number of experiments has not yet been made on this

fait to make us acquainted with all its properties.

Species
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Species V. Muriate, of Potaflj.

Muriate of potafh, which was formerly called fe-

brifuge fait of Sylvius, is a faturated combination of the

muriatic acid with potafh. It has been improperly

named regenerated marine fait

;

for the nature of its

bafe renders it different from that fait. Its cryftals are

cubic, but always of a confufed appearance, and ra-

ther an irregular form. Its tafte is fait, pungent, bit-

ter, and difagreeable. When expofed to fire, it de-

crepitates
;

that is to fay, its cryftals break into fmall

pieces, which is occaiioned by the fudden rarefaction

of the water which enters into their compofition. If

fuffered to remain in the fire after decrepitation, it

melts and is volatilized, but not decompofed. It may
be ufed as a flux for earths and metallic fubftances.

Its chief ufe in fuch cafes is to cover the matters to be

melted, and by that means fix the action of other

fluxes employed, hindering them from becoming vo-

latile, and preventing fuch alterations as might be oc-

cafioned by the accefs of air.

Muriate of potafh is fubject to little alteration from

the air, as it fcarce attracts moifture.

About three parts of cold water are neceflary to

maintain in folution one of this fait
; nor has hot wa-

ter any greater power of diflolving it. For this reafon

a flow evaporation is ufed to give it in cryftals. It is

one of thofe falts which it is very difficult to obtarrHft

regular cryftals of a certain fize.

Clay feems to decompofe it in part : for muriatic

acid may be obtained by diftilling this fait with the

clays in the neighbourhood of Paris. That operation

indeed
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indeed affords but a finall quantity of the acid, and its

refult is very different from that which nitrate of pot-

ato. affords. Sand is alfo known to a£t in the fame
manner as clay on muriate of potato.

Barytes, according to Bergman, feizes the acid, lea-

ving the potato in a feparate Hate. Magnefia and lime

produce no alteration on this fait.

The fulphuric and the nitric acids difengage the

muriatic with effervefcence *. This phenomenon is

the more ftriking if the potato be dry. Muriate of

potato, after decrepitating, and lofing the water of its

cryftals, gives a very conliderable effervefcence with
the concentrated fulphuric acid, and the mixture be-

comes very warm. Where thefe decompofitions are per.

formed in retorts, muriatic acid paffejs into the re-

ceiver, and the relidue in the retort is found to be
fulphate of potato,—if the fulphuric acid was employ-
ed to effect the decompofition

; but if the nitric acid

was

* We have already obferved, when fpeaking of the decompofition

of nitre of potafh by the concentrated fulphuric acid, that the nitrous

acid is then difengaged with a lively effervefcence. We find the mu-
riatic acid exhibiting the fame phsenomenon

; in a much more emi-

nent degree indeed, becaufe this acid has a very ftrong tendency to

aflume the gafeons ftate. This is the general caufe of all effervef-

cences, the nature and diftin&ions of which have, till of late, been but

very imperfectly known. It was formerly thought that they were

owing to the difengagement of air : we now know them to be pro-

duced, not by air, but by all bodies which have any tendency to the

ftate of aeriform aggregation
;

and thus we have fliown, that the

ebullition of water may be coniidered as a fort of eff rvefcence. As
this truth needs to be frequently repeated, in order that it may be-

come generally known, we (hall take occafion to recur to it feveral

times when treating of the different neutral falts which admit of dc-

cpmpofition by acids.
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was ufed, aqua regia is obtained in the receiver, and

the refidue is nitre of potafli. The boracic acid like-

wife decompofes muriate of potalli by diftillation, dif-

engaging the muriatic aqid. As all of thefe operations

are done with muriate of foda or marine fait, we fhall

give a more particular account of them under that ar-

ticle. Neither the fluoric nor the carbonic acid ads

in any way on the muriated potafli.

Neither lulphate nor nitrate of potafli or foda ads

upon this fait. When all are diflolved in the fame

water, each of them is cryftallized feparately and in its

own way.

Muriate of potafli is frequently met with in nature ;

but never much of it together. It is found in fea

water, and in the water of fait l'prings
;
fometimes, tho*

not often indeed, it is met with in the fame places

where nitre of potafli is found
;

it is alfo found in allies

of vegetables, and in fome animal humours. Art pro-

duces it, 1. By a dired combination of the muria-

tic acid with potafli
;

2. By decompofing earthy, am-
moniacal, or metallic muriates by the fame alkali;

3. By decompofing fulphate or nitrate of potafli, by

means of the muriatic acid, as M. Cornette has

fliown.

This neutral fait was formerly adminiftered as an

excellent febrifuge. But it pofleffes not this property

othervvife than in common with all bitter falts. Sul-

phate of potafli or foda is now preferred to it.

Muriate of potafli is applied to no ufe in the arts.

Its difagreeable talle hinders it from being ufed, like

muriate of foda, for feafoning. But it has all the che-

mical properties of that fait
; and the only difference

between them is, that muriate of potafli has a bitter

ta(\e, is more difficult of folution, is unalterable by the

air.
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air, and is irregularly cryftallized. We Avail therefore

inlift no more upon its hiftory.

Species VI. Muriate of Soda. .

Muriate of foda, better known under the name of

culinary or common fait ,
is a perfect neutral fait, formed

by a faturated combination of the muriatic acid with

foda. The reader will perceive that the nomenclature

which we have hitherto ufed, renders a definition of

the nature of thele neutral falts almoft unneceflary
;

as

the name of each is expreflive of its nature.

This fait abounds in nature more than any other

fpecies. It is found in vaft raaffes in the interior parts

of the earth, in Spain, Calabria, Hungary, and Muf-
covy, but more efpecially at Wieliczka in Poland,

near the Crapack mountains. In the laft of thefe

places the mines are of vaft extent, and the muriate

of foda is found in prodigious mafles. This fait, as

it exifts in the earth, is generally irregular, and feldom

cryftallized ;
it is ufually more or Iefs white, but fome-

times coloured : in this ftate it is called gem-falt, ha-

ving often the tranfparency of the cryftals known un-

der that name. The waters of the fea, as well as of

fome lakes and rivers, contain this fait. From thefe

waters it is obtained by four general proceftes.

The firft is fpontaneous evaporation by the heat of

the fun. This method is ufed in our fouthern provin-

ces, in Languedoc, at Peyrac, Pecais, &c. Trenches

are cut on the fea fiiore, and very compadly lined

with clay : within thefe trenches little walls are built,

dividing them into certain compartments, yet leaving,

a general communication. When the tide flows, the

trenches.
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trenches are filled with water, which is retained in

them by the %walls forming a kind of fluice-gates.

Care is taken that the layer of water retained be thin

enough to be readily evaporated by the rays of the fun.

As foon as a faline pellicle is formed, it is broken, and

the fragments fall to the bottom
;
and the fame pro-

cefs is repeated till the water be entirely evaporated.

The fait is then gathered with rakes, and laid in heaps

to dry. This fait contains a mixture of all the other

falts that exift in a date of folution in fea-water, fuch

as fulphate of foda and magnefia, muriate of magnefia

and lime : it is alfo contaminated with a portion of

clay from the bottom of the trench : and, laftly, fmall

globules of iron and mercury are found in it. The ex-

iftence of the latter in it may be eafily fhown by lea-

ving a fmall piece of gold among the fait for fome

time : it becomes evidently whiter. This fait being very

impure, is known under the name of fel de gabelle.

In the northern provinces of France, in Normandy
and Brittany, this fait is prepared by an artificial evapo-

ration by fire. In Avranches they take the quickfands

among which the fea water has depofited faline cryftals,

and wafli them in the finalled quantity poffible of fea

water, in order that no more may be ufed than what

is necefiary to diffolve the fait : This fait water is then

put into lead velfels, and evaporated to drynefs. This

lalt is- very white, and purer than that prepared by eva-

poration in trenches. Guettard has given a careful de-

fcription of the whole procefs in the Memoirs of the

Academy for the year 1758.

In Lorraine and Franche-Comte there are a great

. many fait fprings. The quantities of muriate of foda

which thofe fprings contain in proportion to the quan-

tity
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tity of water are various. At Montmorot, in the laft

of thefe provinces, both fpontaneous evaporation and
evaporation by fire are ufed.in the preparation of this

fait. For that purpofe, the well-water is conveyed by
pumps into a large refervoir placed at the top of a fhed

of a peculiar conftru&ion. Under this filed are fu-

fpended boards covered with little faggots of thorns.

The water falling upon thofe faggots through fmall

cocks, is divided into very minute drops : and as it

thus expofes a great deal of furface to the air circula-

ting rapidly under the filed, nearly two-thirds of it is

evaporated. What is deposited on the faggots is ful-

phate of lime or felenite. And when the liquor, upon
trial with an inftrument for the purpofe, is found to be
charged with fait to a certain degree, it is conveyed
into large iron boilers fupported by bars of the fame
metal, which crofs the bottom of the veflels, and reft

on pieces of wood placed on each fide. Thofe boilers,

which are called Jloves, are very large and fiiallow,

and hold an hundred hogfheads * of the fait water*

They are then urged with a ftrong fire. When the wa-

ter boils up in large bubbles, it is at firft muddy, and

foon depofites an ochreous earth on its furface in the

form of a fcum. A fait, which is fcarcely foluble, and

is called by the workmen fchlot, is next feparated

:

This fait is nothing but fulphate of lime mixed with a

little muriate of foda, fulphate of foda, and earthy mu-
riates. It is conveyed by the circulation of the boiling

liquor into little troughs placed round the fides of the

boilers for the purpofe. Thefe troughs are taken out

and cleared from time to time till a great quantity of

- fmall

5
_* Muidtf containing each 280 French pints.
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fmall cubical cryftals called by the workmen pieds de

1 viouches, are obferved floating on the furface of the li-

quor. They are then taken away for the laft time.

The fire is diminifhed, and the muriate of foda is ta-

i ken off with ladles as fall as it is cryftallized. The eva-

poration is thus continued as long as the water conti-

nues to afford cryflals. 'The fait thus obtained is in

larger or fmaller cryftals, according to the ftownefs or

rapidity of the evaporation. The water which re-

mains when cryftals are no longer obtained, is called

mother water, and contains earthy muriates *.

Wallerius gives an account of a fourth procefs for

obtaining fait from fea water, which is pra&ifed in the

north. The water is confined in trenches on the

fliore : as it forms but a fmall ftratum, the cold foon

penetrates through and freezes it. But as that portion

neceffary for the folution of the fait contained in the

whole quantity of water cannot be converted into ice,

what remains fluid contains all the fait, and is fo con-

centrated that the moft moderate heat caufes it to af-

ford muriate of foda in cryftals : it is then conveyed

into leaden boilers, and evaporated by fire.

The cryftals of muriate of foda are very regular

cubes, of a larger or a fmaller fixe, in proportion as

the evaporation has been flower or more rapid. They

flick together in clufters, forming a kind of ladders, or

rather hoppers. Rouelle the elder obferved this pheno-

menon, and has given an accurate defcription of it in

his

* There is a neutral fait prepared at Montmorot, known under the

name of Epfom fait ofLorraine : but it is only fulphate of foda, or

Glauber fait, the cryftallization of which has been difturbed. It ia

dillinguilhed from genuine fulphate of magncfia and Epfom fait, fuch

as comes from England by its efflorefcing in the air, while the latter

deliquiates.
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his Memoirs on Cryflallization. Bergman has given

a very ingenious explanation of this fact.

Every body knows the tafte of this fait, which is not

difagreeable.

When expofed to a brilk heat it burfts and flies in-

to pieces. This phenomenon is called decrepitation.

It is owing, as we have already obferved when fpeak-

ing of fulphate and muriate of potafh, to the hidden

rarefaction of the water on which the cryflallization

depends. When all the water is thus evaporated, the

decrepitation ceafes, and the fait appears in a powder.

If we ^continue to urge it with a ftrong heat, it melts

after becoming red-hot. Ifpoured in this ftate on the

plane furface of a piece of marble, it congeals into a

kind of cryftal mineral
;
but it has not differed the

leaft alteration, for it may be reftored to its origi-

nal form by folution in watea?. Fire therefore does

not decompofe it : if maintained for fome time in

fuflon, it is at length volatilized, but ftill without alte-

ration. The molt intenfe heat is requilite to bring it

into this laft ftate.

Muriate of foda when pure differs no fenfible altera-

tion from air ; it rather becomes dry than acquires

moifture. It never indeed attracts moifture but when

it contains a mixture of muriates with earthy bafes,

fuch as fel de gabelle.

It difiolves very readily in water : three parts of the

fluid are fufficient to maintain one ol this fait in folu-

tion. Three ounces and an half of water will entirely

diflolve an ounce of the fait. Boiling water does not

diflolve it in a greater proportion than cold water
;
only

the folution is rather fooner effected- with the help ol

heat. A very flow evaporation is requilite to give this

fait in cryftals. The cryflallization begins with the
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formation of a number of fmall point9 on the furface of

the liquor, which are gradually united in a pellicle,

more or lefs thick
;

inltead of being cubic, the cryltals

are fometimes lquare hollow pyramids, refembling

hoppers. Rouelle the elder, who paid the greatelt at-

tention to all the phenomena of this cryltallization,

obferved the hoppers to be formed in the following

manner. When a cube is formed, the little folid finks

a fliort way beneath the furface of the water
;
a fecond

is loon formed, and connected with the firlt on one of

its tides ;
and the fame phenomenon takes place on

the t;hree other tides of the cube. This aggregation of

cubic crvftals naturally produces hollow inverted pyra-

mids. When thefe are large they fink to the bottom.

If the fait dilfolved was very pure, what remains of

the water after it has been evaporated till it would af-

ford no more cryltals, is entirely without any faline

matter. The water of the fea and of fait fprings al-

ways contains falts with an earthy bafe. ' The earth

may be precipitated by foda, as we lhall have occafion

to mention when fpeaking of earthy neutral falts. Such
is the method ufed for obtaining muriate of foda in a

ftate of great purity.

Muriate of foda appears to contribute to the fufion

of glafs. It conftantly occupies the upper part of the

pots in which this matter is melted, and Conllitutes the

greateft part of glafs-gall.

It is ufed for vitrifying the exterior furface of cer-

tain pottery wares, and giving them a kind of cover,

by melting down part of their fubftance with the force

of heat communicated through the fait. This is eafi-

ly effe&ed by throwing a certain quantity of muriate

of foda into the furnace. It is volatilized, and by that

means fpread over the furface of the earthen ware,

Vol. I. E e which
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which, by its intenfe heat, it caufes in part to melt.

This is the Engliffi way of glazing.

Siliceous earth does not alter this fait though it ap-

pears to promote its fufion.

Pure clay ads with much lefs force on muriate of

foda than on nitres. When diftilled with this fait, it

affords but a very fmall quantity of a weak phlegmatic

acid. Diftillers of aquafortis, it is true, obtain in this

manner the muriatic acid called Jpirit offait

:

but they

make ufe of Gabel fait for the ptirpofe
;
and it contains

various muriates with an earthy bafe ;
belides, the clay

which they ufe is very impure, and of a deep colour. ,

According to Bergman’s experiments, barytes de-

compofes muriate of foda, as well as the other alkaline

falts. Neither lime nor magnefia produces any altera-

tion on muriate of foda. Perhaps thefe two falino-ter-

reous fubftances, in combination with the carbonic acid,

might feparate the component principles of muriate of

loda by a double eledive attradion.

Cauftic potafh decompofes muriate of foda, having

a greater affinity than foda with its acid. A folution

of muriate of foda mixed with potaffi gives by evapo-

ration muriate of potaffi, and the mother' water con-

tains pure infulated foda.

Acids ad in a very diftind manner on muriate of

foda. When concentrated fulphuric acid is pour-

ed on this fait, it caufes a very confiderable motion

and a very lively heat. A violent effervefcence is ob-

ferved on the occafion *, which arifes from the difen-

gagement

* Effervefcence is as obfervable in this operation as in the union of

the fame acid with lime and alkalis faturated with carbonic acid.

It takes place, therefore, whenever any body feparated from a ftate

* of
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.gagement of the muriatic acid under the form of gas.

This aeriform acid may be diftinguifhed after it has

efcaped into the atrnofphere, as it forms a white vapour

with the water in the air, and has, when the vapour

is very much diluted, a pungent fmell not unlike that

of faffron. A conliderable quantity of muriatic acid

gas may be obtained by performing the operation with

a pneumato-ehemical machine provided with mer-

cury. Glauber was the firft who obferved that the

acid of marine fait might be obtained by decompoling

the fait with fulphuric acid, and defcribed the pro-

cels for obtaining it ; on which account this has re-

ceived the name of Glauber's fpirit offait. It was in

examining the relidue of this operation that he difco-

vered his admirable fait to which we now give the

name of fulphate of foda.

Almolt all writers on the fubje£t dire6l the diftilla-

tion of this fait to obtain the muriatic acid, to be per-

formed by putting a quantity of it into a tubulated

Hone-retort, and pouring in at the orifice half its
v

weight of concentrated fulphuric acid : A conliderable

quantity of acid vapour is immediately difengaged,

which palfes by the extremity of the retort into two

balloons prepared to receive it : One of thefe vef-

fels has a little hole to let the vapours efcape fo that

they may not burft the vefiels. In this operation, as

well as in the diftillation of the nitrous acid, a confi-

derable quantity of the pureft muriatic acid is loll,—

*

elcaping in a gafeous form through the hole of the bal-

E e 2 loon;

of combination is volatilized under a gafeous form : and it may be

produced by the carbonic, the muriatic, the nitric, the fulphureoug,

and the fluoric acids, & c. It muft not be afcfibed to the difengage-

ment of air. A.
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loon ; arid the vapours of this acid being fo Very corro-

five, are exceedingly troublefome to the operator. To
obviate in part this inconvenience, M. Baume puts a

quantity of water into the retort ; and the water be-

ing volatilized in the balloon, abforbs part of the mu-
riatic acid gas : But as the water is much lefs volatile

than the acid, there is Hill a confiderable quantity of

the acid loft. Mr Woulfe has found means to obviate

all of thefe inconveniences, and to procure the muriatic

acid in the ftrongeft and molt concentrated ftate of

which it is capable, by an expedient directly contrary

to M. Baume’s. Inftead of volatilizing the water to

make it abforb the vapours of the muriatic acid, he

caufes the gas to pafs through that liquid by the appa-

ratus which we defcribed under the article of nitre.

For every two pounds of muriate of foda and one of

the concentrated fulphuric acid that are mixed in the

retort, eight ounces of diftilled water are put into the

collateral bottles. The muriatic acid gas is conducted

through the tubes into the water in the bottles, and

there diflblved. The water, as it combines with the

gas, is heated almoft to ebullition, and abforbs a quan-

tity equal to itfelf in weight. When - fully faturated

it ceafes to abforb the gas and becomes 'cold
; but the

gas palling into the fecond collateral bottles, is again

immerfed in the water w'hich they contain, and heats

and faturates it.

This very ingenious procefs being perfectly confid-

ent with the known properties of the muriatic acid gas,

poflefies a number of advantages. 1. It fecures the

operator from the inconveniencies to which he is ex-

pofed when the acid is diffufed through the open air.

2. It prevents the very confiderable lofs of the acid

which was unavoidable in M. Baume’s procefs. 3. It
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gives the muriatic acid in a ftronger, more concen-

trated, and more fuming ftate than we could poflibly

have it otherwife. 4. The acid obtained this way is

extremely pure, being entirely formed of gas that has

been ditfolved in water. It is on this account ex-

tremely white
;
whereas that which was formerly ob-

tained in the laboratory was always of a citron colour

;

a circumftance which even led chemills into a millake,

for they conlidered this colour as a charaderiilic pro-

perty of the acid. That portion of the liquid acid

which is in this procel's condenfed in the receiver is

yellow, and contaminated with extraneous matters

conveyed into it by the water of the mixture, as hap-

pened to the whole of what was obtained in the old

way. 5. The new method dire&s the operator what

ftrength of fire to ufe, and how to condud his opera-

tion by the flower or quicker paflage of the gafeous

muriatic acid through the water in the bottles. 6. Laft-

ly, What is of more importance than any of its other

advantages, it enables us to determine the precife quan-

tity of acid contained in any neutral fait, as not a par-

ticle of the acid feparated is loft.

The nitric acid likewife decompofes muriate of

foda
;
but, being volatile, it afcends and unites with

the acid of this fait. From that union there refults

'

the mixed acid known by the name nitro-muriatic acid

or aqua regia.

Baron has difcovered that thejmracic acid, with the

help of heat, difengages the acid from muriate of foda.

The refidue, after this diftillation, is genuine borax of

foda in a very pure ftate.

Neither the carbonic nor the fluoric acid ads in

any diftind manner on muriate of foda.

None of the neutral falt£ hitherto defcribed by us

E e 3 ads
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a£ts upon this fait. When the fulphates and the ni-

trates of potafh and foci a and muriate of potafli are

difiolved in the fame water with muriate of foda, each of

thefe falts is cryftallized by itfelf, and in its own way.

Muriate of foda is among the firft which are fep.arated

in the progrefs of the evaporation, and it mixes with a

little of the fulphate and muriate of potafli ;
but the

fulphate of foda and nitrate of potafli remain longer in

folution, and are cryftallized by the cooling of the li-

quid. On this account, in Lorraine, the mother water,

from which marine fait has been obtained, is put into

veflels, and ftirred while it cools, with ftaves for the

purpofe j
which caufes the fulphate of foda to cryftal-

lize in a confufed manner, in fmall needles, refem-

bling thofe of genuine Epfom fait, or fulphate of mag-

nefia.

The ufes of muriate of foda are extremely various

:

It is employed, i. For glazing fome kinds of earthen

ware by occafloning a flight fufion of their exterior fur-

faces. 2. By glafs-makers, for whitening and purify-

ing glafs. 3. In allaying metal ores, as a flux to the

matters of which the fcorias are formed, to facilitate the

precipitation of the metals, and to defend them from

the contact of the acmofphere, fo that they may fuller

nq change from the air.

At prefent we find it neceflary to apply it to a pur-

pofe of flill more importance than any of thefe,—for the

extraction of foda, which is becoming every day more

fcarce, and is of eflential ufe in many of the arts.

Several people in England poflefs the fecret of obtain-

ing foda fropn marine fait in the great way*, and prac-

tife it in confiderable extent.

,
Some

** We underitand that the extraction of foda from marine fait is
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Some chemifts have thought litharge capable of de-

compoling muriate of foda by limple maceration and

cold. It would appear that, in confequence of its con-

taining carbonic acid capable of attracting foda, and

forming with the muriatic acid an infoluble fait, eafily

feparable from the alkaline lixivium, it mult aCt by a

double eledive attraction; but the experiments which

I have made on this point convince me that the pro-

cefs is inadequate to the purpofe. Scheele obferved,

that iron immerfed in a folution of muriate of foda is

coated with foda faturated with carbonic acid. He
treated fulphate and nitrate of foda in the fame man-

ner, with the fame fuccei’s. He difcovered, that if quick-

lime were mixed with muriate of foda, and the mix-
ture depolited in a damp cellar, it afforded an efflo-

refcence of foda and calcareous muriate. This fad was

firft communicated to the public by Cohaufen in the

year 1717, M. de Morveau has proved, that thefe de-

compofitions are effected by means of the carbonic

acid ;
for if a folution of fulphate and muriate of pot-

afh be poured upon lime-water precipitated by the car-

bonic acid, it becomes clear and tranfparent
; but

when water containing carbonic acid is poured on a fo-

lution of thofe falts mixed with lime-water, no precipi-

tation takes place. Thefe facts are fo many data
, on

which we mult proceed in attempts to obtain foda

from marine fal{, and form extenlive eltablilhments for

the purpofe.

Muriate of foda is ufed as feafoning to the articles of

our food, and corrects their infipidity. It likewife fa-

cilitates digeftion, by beginning the putrid alteration of

E e 4 the

not praftifed in England to fuch extent as M. Fourcroy feems t<*

think.
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the fubftances we ufe for aliment. Though it he fully
proved by the experiments of Pringle, Macbride, &c.
that when mixed in a pretty large proportion with ani-
mal fubftances, it retards putrefaction, and is power-
fully antifeptic, like molt other ialine matters

; yet it

afts in a very different manner when mixed with the
fame fubftances in a veiy fmall proportion, cauling
them to pafs more readily into a Hate of putrefaction.
J his is proved by the experiments of the author of the
Elfays on the Hiltory of Putrefaction, and M. Gar-
dane’s experiments.

this fait is not lefs ufeful in medicine. In apoplec-
tic and paralytic cafes, &c. it is put into the mouth,
and uled externally in baths as an excellent Itimulant.
In molt cafes it is a powerful ci.ifcnffi.ve. It is ftrongly
recommended by Ruflfel (de Tube Glandulari

) for lym-
phatic tumours, occafioned by a fcorbutic habit. I
have myfelf preferibed it fuccefsfully for feveral dif-

eafes of that kind. It is purgative when adminiftered
in dofes of feveral drams. As the molt impure fait is ,

commonly ufed on all of thele occalions, its effeCts
are in pait to be aferibed to the calcareous and magne-
fian muriates which it contains.

Species VII. Borax of Soda, or Super-faturated Bo-
rate of Soda *.

Borax of foda, or common borax, is a neutral fait,

, formed

* Hitherto we have begun with examining the neutral falts formed
by the union of the acids with potalh. But, in fpcaking of thofe in-

to which the boracic acid enters, we are obliged to begin with that
which has foda for its bale, for it is the only one with which we ar^
well acquainted.
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formed bv the combination of the boracic acid witfy

i'oda. We get this lalt from the Eait Indies ;
but its

hiftory is very little known. We know not certainly

whether it be a product of nature or of art *. 11 the

difcovery of the boracic acid exifting in a lfate of folu-

tion in the waters of feveral lakes in 1 ufcany, a fa<ff

which we mentioned in the hiflory of: that acid, give

us reafon to think borax a product of nature, a varie-

ty of facts which we Until hereafter mention, concur

to fliow that this fait may be alfo formed by certain ar-

tificial proceffes, as well as nitre.

Borax of loda appears in commerce in three diffe-

rent dates. In the firft, it is crude borax, tinckal or

chryfocolle. This we get from Perfia; it is in greenifli

piaffes which feel greafy, or in opaque cryftals, co-

loured like green leeks, which are prifmatic figures

of fix faces, terminating in irregular pyramids. There

are even two kinds of thefe greenifli cryftals, differ-

ing from each other in fize. This fait is very im-

pure, a great many extraneous fubftances being inter-

mixed in it.

The fecond fpecies is known by the name of China

borax. It is rather more pure than the former : it ap-

pears in the form of fmall plates, or in maffes irregu-

larly cryftallized, and of a dirty white colour: it dif-

plays the beginnings as it were of prifms and pyramids

confounded together without any fymrnetrical arrange-

ment. The furfaces of thofe cryftals are covered over

with

* Kirwan, in his mineralogy, page 206. informs us, that it is

dug out of the earth in the kingdom of Thibet, in a cryftalline

form. Jn the Philofophical Tranfadtions for the year 1787, we are

informed by a letter from Mr Blane, dated at Lucknow, that the bo-

rax of Thibet*is formed in a certain valley in that country, by the co-

operation of fnow and the waters of a lake in the middle of the valley

y/ith a faline matter which abounds over the valley.
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with a white duft, which is thought to be of an argil-

Jaceous nature.

The third fpecies is Dutch or refined borax. It ap-

pears in fragments of cryftals, tranfparent and tolerably

pure : pyramids with a number of faces are obferved in

it ; but their cryftaliization appears to have been in-

terrupted This form affords a certain indication of the

manner in which the Dutch purify this fait
; it is by

folution and cryftaliization.

Laftly, It is prepared at Paris by MeflVs Lefguillers,

druggifts in Lombard Street : and their purified borax

is no way inferior, perhaps even fuperior, in purity to

the Dutch borax.

Befides thefe four kinds of borax, M. la Pierre apo-

thecary in Paris has imagined it to be formed in a

mixture of foap-fuds with dirty kitchen-water, which
a certain individual preferves in a kind of ditch, ob-

taining from it at the end of a certain time genuine

borax in beautiful cryftals. But this fa£t, though firft

communicated to the public ten years fince, has not

received confirmation.

We are ftill ignorant therefore in what manner bo-

rax is formed
; only it appears to be produced in ftag-

nant waters containing fat matters. Some authors af-

fure us, that it is artificially compofed in China, by

mixing in a trench greafe, clay, and dung, in alter-

nate layers, watering this collection of matters at pro-

per times, and leaving it untouched for feveral years.

At the end of this time, by forming thofe matters into

a lixivium, and evaporating the lixivium, grade bo-

rax is obtained. Others would perfuade us, that it is

got out of water filtered through copper ore. M.

|$aume politively afferts that the former of thefe pro-

ceffes
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cefies fucceeded very well with him. (Chem . Eper.

I Tom. II- page 1 32.)

Purified borax appears under the form of fix-fided

prifms, two of them larger than the reft, with trihae-

dral pyramids. It difplays a great many varieties in its

cry It alligation. Its tafte is ftiptic and urinous. It

communicates a green colour to fyrup of violets, on ac-

count of its containing an extraordinary proportion of

foda. We leave it in pofteflion of the name of borax,

in order to diftinguilh it from genuine borate of foda,

which is faturated with the boracic acid : we likewife

call it borax fuper-faturated with foda ,
to indicate the

nature of the combination.

When expofed to the acftion of fire, the water of its

cryftallization caufes it to melt 'with great rapidity
; it

gradually lofes that water, and fwells to a confiderable

bulk. It is then in the form of a light, porous, and

very friable mais, known by the name of calcined bo-

rax. The caufe why borax of foda increafes in bulk,

and aftumes a lamehated porous form, on being cal-

cined, is, that the water which is difengaged into a va-

porous ftate, raifes to the furface a portion of the fa-

line fubftance half dried, and in light thin pellicles;

and the bubbles in which it rifes, making their way out

at the furface, the pellicles become entirely dry, and are

arranged one above another with interftices between

them. Calcination produces no alteration on borax of

foda, as to its component parts : it lofes, in undergoing

this procefs, nothing but the water which mixed with

it in cryftallization, nearly in the proportion of fix oun-

ces to the pound. We can reftore to it its original form

by diffolving it in water, and caufing it to cryftallize

anew. But if after it has been calcined, we expofe it

to a continued heat, it melts on becoming red-hot into

a
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a very fufible tranfparent greenifh glafs
; which is fuL,

liecl by expofure to the air, and melts in water. Even

fulion produces no change of nature on borax; we
can caufe it to refume its original appearance, with

all its peculiar properties, by folution and cryftalliza-

tion.

Air effe&s no alteration on this fait: it makes it ef-

florefce indeed at the furface by depriving it of part of

the water of its cryflallization. But this efllorefcence

does not take place in the fame manner on all the feve-

ral kinds of purified borax of foda. The borax of

China gives a much flighter efllorefcence than Dutch

borax. Dutch borax likewile gives a more copious ef-

florefcence than the borax purified in Paris. This flight

difference depends no doubt on the different procefles

adopted for purifying it, on the manner in which it is

caufed to cryftallize, the quantity of w7ater which its

cry dials contain, according as they have been more

flowly or quickly, and perhaps too on the different

proportions of foda, and the boracic acid which enter

into its compofition.

Borax of foda diffolves very readily in water: twelve

parts of cold water are neceffary to diffolve one of this

fait
;
half that quantity of boiling water wfill produce

the fame effect. It is obtained in cryftals by cooling

the folution, but the molt beautiful and regular cry-

ffals are formed in the mother-water, when it is left to

evaporate flowly, with the ordinary temperature of the

atmofphere.

Borax of foda ferves for a flux to filiceous earth,

and joins with it to form a very fine glafs. It is

ufed in the preparation of artificial precious ftones.

It likewife caufes clay to vitrify, but with much
more difficulty, and much more imperfe&ly. This js

the
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4;hc reafon of its flicking to the crucibles in which it is

q put to melt.

We are rather unacquainted with the action of

pure barytes and magnefia on borax of foda. Berg-

man, however, ranks thofe two fubdances before the

alkalis in the tenth column of his table of affinities ;

which fhows that he thinks them capable of decompo-

ling this fait- But in his differtation, he fays, that the

aflinities of ponderous earth and magnefia with the bo-

racic acid are not yet exactly known.

Lime has actually a greater affinity than foda with

this acid. Lime-water precipitates a folution of this

fait
;
but to make it decompofe entirely, we muf

.

boil quicklime and borax of foda together : an almoft

infoluble faline combination of lime with the boracic

acid is then depolited, and the cauftic foda is left in fo-

lution in the water.

Potafh appears to decompofe borax of foda as well

as all other neutral falts with a bafe of mineral al-

kali. Ammoniac produces no fort of alteration on this

fait. '

The acids adt on borax in a very diftindt manner.

If into a boiling folution of borax of foda you pour a

quantity of concentrated fulphuric acid, taking care

to give the liquor a very fmall excels of the acid,

you may obtain from this mixture by filtrating and

cooling it a very copious precipitate in fmall bright

fcales. This precipitate is boracic acid, and by walh-

ing it in diftilled water, and drying it in the air, it is

rendered very pure. By evaporating the folution

thus prepared and leaving it to cool, we obtain from

time to time new quantities of boracic acid. At
laft, the produdt is fuiphate of foda, formed by the u-

lUOEl

4
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nion of the fulphuric acid made life of on the occafion

with the alkaline bafe of borax.

lhe nitric and the muriatic acids decompofe borax

of foda in the fatne manner, becaufe they, as well as

the fulphuric acid, have more affinity with foda than

the boracic acid has. The laft evaporations of thefe

mixtures afford nitrate or muriate of foda. The difco-

very of the boracic acid feems to belong to Beecher*

but has been ufually aferibed to Homberg, he having,

in the Memoirs of the Academy for the year 1702, gi-

ven the firft accurate delcription of a procefs for ob-

taining it That chemift obferved this fait to befubli-

mated in the diilillation of a mixture of fulphate of cal-

cined iron with borax of foda and water. Imagining

the firft of thefe matters to contribute greatly to its

formation, he gave it the name of narcotic volatile fait

ofvitriol. Lewis Lemery, eldeft fon to the famous Ni-

chola Lemery, made many experiments on borax of fo-

da, and difeovered in the year 1728, that the boracic

acid, then called fedative fait ,
might be obtained from

it by means of the pure fulphuric acid, and that the

muriatic and the nitric acids likewife feparated it
;
but

fublimation was the procefs which he always ufed. We
are indebted to Geoffrey the younger for the firft com-

plete analyfis of borax. In the year 1732, he proved

that the boracic acid might be obtained by evaporation

and cryftallization
;
and by examining the refidue

which remained after thefe operations, found foda to be

one of the principles of borax.

Baron’s experiments on this fait,- which were laid

before the academy in the years 1745 and 1748, added

two important fadts to thefe difeoveries. The firft,

that vegetable as well as mineral acids decompofed

borax of foda. The fecond, that genuine borax may
be
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be formed by uniting the boracic acid with foda.

The lafl of thefe fads proves that the acid is entire-

ly formed in the fait, and that its formation is in no
degree owing to the acids employed to decompofe the

fait.

The fluoric, and even the carbonic acid though
one of the weakeft, appears to be capable of decompo-

ling borate of foda, and feparating the boracic acid.

This lafl; acid unites readily with borax of foda, its

alkaline bafe requiring to be fully faturated with rather

more of the boracic acid than a quantity equal to the

whole weight of the borax. Bergman is even of opi-

nion that this fait is not fully faturated nor properly

neutral, and that alkaline properties ftill continue to

predominate in it till fuch time as it receives this addi-

tional quantity of boracic acid. The properties of this

neutral fait, when thus faturated, have not as yet been

particularly examined.

None of the alkaline neutral falts, whether ful-

phuric, nitric, or muriatic, ads in any manner on bo-

rax of foda.

This fait acquires a reddilh colour when melted

with combuftible matters, fuch as charcoal ; but we

know not yet what alteration it fuffers from thofe

matters.

Borax is of great utility in many of the arts. In

glafs-making, and the allaying of metals, it is ufed as

an excellent flux. It is ufed in foldering metals to make

the mixture run, which is deligned for the folder

;

and it at the fame time foftens the furfaces of the me-

tals to be united, and defends them from being cal-

cined by the adion of the air. it was formerly much

ufed in medicine, but is now gone quite out of ufe.

4 Species,
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Species VIII. Borate of Potnffi.

We give the name of borate of potajh to the combi-

nation of the boracic acid with potafh. It is well

known that thefe two faline fubltances readily unite,

and that from their union there refults a neutral fait,

refembling borax of foda. Of this kind is the relidue

of nitre of potalh, decompofed by the boracic acid.

M. Baume fays, that this relidue appears in the form

of a white half-melted mafs, which when diflblved in

water affords fmall cryftals. Borate of potalh is there-

fore fulible, foluble, and fufceptible of cryftallization,

and pure acids decompofe it as well as borate of foda.

We knpw nothing more certain of this fait
;

it fhould

be examined in the fame manner as borate of foda.

Baron knew the poffibility of producing this fait by a

direft combination of the boracic acid with potalh
;
he

has even diltinguifhed it accurately from common
borax, or borax with a bafe of foda

;
but not a word

has he faid concerning the peculiar properties of borax

of pbtalh.

.1

Species IX. Fluate of Soda

*

According to the fyltem of nomenclature to which

we have conformed from the beginning of this work

hitherto, the name fluate of foda denotes tfe combi-

nation of the fluoric acid with potafh. This neutral

fait has, as yet, undergone but a very flight examina-

tion—by Meflfs Scheele and Boullanger. According to

thofe two chemilts, it always appears in a gelatinous

form, and is never cryftallized. According to Scheele,

it
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it becomes, when dried and melted, acrid, cauftic, and

gelatinous. He compares it in that (late to liquor pi

flints. It appears that fire difengages the fluoric acid;

and that the filiceous earth with which it is always im-

pregnated during its preparation, then melts into a fo-

luble glafs with the help of the pdtafh.

Fluate of potafh difiolves very readily in water. It

always retains fo large a proportion of that fluid, that

it is impoffible to make it afTurrle a cryftalline form.

When it is well faturated, a folution of it produces no

alteration on fyrup of violets.

We know not in what manner either filiceous, ar-

gillaceous, or barytic earth or magftefia, affe&s this

fait.

According to Scheele and Bergman, lime has more

affinity than potafh with the fluoric acid. Throw

fluate of potafh into lime-water it is inftantly decom-

pofed : lime unites with the fluoric acid, forming an

infoluble fait, which takes away the purity of the li-

quor, and is fluate of lime. We fliall afterwards fee

that lime likewife decompcfes neutral falts formed of

the carbonic acid with fixed alkalis. We have already

feen that lime-water precipitates borax of foda
;
there-

fore the fluoric is not the only acid which has a greater

affinity with that falino-terreous fubflanee than with

the fixed alkalis.

The concentrated fulphuric acid decompofes fluate

of potafh by difengaging its acid
;
which, according to

M. Boullanger, appears in the white vaporous form,

and exhales the odour peculiar to the muriatic acid.

When this experiment is made in an apparatus proper

for diftillation, we obtain the fluoric acid, juft as we
obtain the acids contained in nitre of potafh, and mu-

V ol, I. F f riate



4.50 Salts.

I

riate of foda when we clecompofe them with the ful*

phuric acid.

No inquiry has hitherto been made concerning the

a&ion of the nitric and the muriatic acids, or of the

known neutral falts, on fluate of potafh. This fait is

in other refpedts little known, and is applied to no ufe.

Species X. Fluate of Soda.

This is a proper enough denomination for the neu-

tral fait formed by the faturated combination of the

fluoric acid with foda. This, like the foregoing fait,

has been but very little examined. Nobody but Meflrs

Scheele and Boullanger has faid any thing about it

;

and they differ in their opinions, as we are juft going

to fee.

Scheele afferts, that a combination of foda with the

fluoric acid forms a jelly like the preceding fait.

Boullanger, on the contrary, fays, that the combination

affords very fmali, hard, brittle cryftals, of an oblong

fquare figure, a bitter tafte, and fomewhat ftiptic.

This fait decrepitates on burning coals like muriate

of foda ; it diffolves in water, but not readily.

Lime-water decompofes this fait as well as fluate of

potafh. . The fulphuric difengages the fluoric acid

from this fait with effervefcence, caufing it to rife, like

the muriatic acid, in a white vapour ofa pungent fmelli

From this fhort account of this fait, the reader may
perceive that it is not better known than the laft.

Species XI. Carbonate ofPotafh.

The laft two neutral falts which we have to ex-

amine, are combinations of the carbonic acid with

fixed alkalis.

Thefe
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Thefe fubftances were never before reckoned among
the neutral falts : but we (ball immediately fee that

they are true neutral falts.

What we call carbonate of potafh, is a neutral fait

refulting from a faturated combination of carbonic a-

cid with potafh. Some modern chemifts call it mephi-

tic tartar, aerated vegetable alkali, &c. This faline

fubftance was always taken for pure alkali, till .Dr

Black’s experiments fhowed it to be a neutral fait. Its

old name was fxed fait of tartar, becaufe it was ob-

tained by the incineration of tartar of wine. It was

confidered as an alkali, becaufe it polfeffes fome of the

properties of thofe falts. It does indeed convert fyrup

of violets to a green colour
;

but borax and feveral

other neutral falts poffefs the fame property : befides, it

neither deftroys nor weakens the colour of violets like

potafli. It has an alkaline tafte ;
but the fame is diftin-

guifhable in borax : only it was diftinguilhed from

alkali of foda by its power of attra&ing the moifture of

the air with great rapidity, and its not being fufceptible

of cryftallization. When thus moiftened in the air, it

received the name of oil of tartar per deliquium *. But

fixed fait of tartar poflelfes thefe two properties only

becaufe it is not a perfect neutral fait. Containing

ftill a certain quantity of potafh not faturated with

carbonic acid, this excefs of alkali renders it delique-

fcent. At prefent, this fait is obtained in a ftate in

F f 2 which

* Bohnius relates, that evaporating oil of tartar flowly, by a mo-
derate heat, he obtained, under a faline pellicle, beautiful ciyftals,

which, though expofed to various temperatures, remained fix years un-

altered
(
Dijfert . Phyfico-Ckem. 1666.) M. Montet, a celebrated che-

mift of Montpelier, who was certainly unacquainted with Bohnius’s

difcovery, has invented a procefs for cryftallizing this fixed fait of tar-

tar. Academ. des, &c. 1764, p. 576.
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which it is very fufceptible of cryftallization, and
attracts no moifture, but rather efflorefces. The
Duke de Chaulne, who has paid much attention to

this objedt, prepares this fait by expofing a folution of

potalh, either cauftic or containing a little of the car-

bonic acid, in a place full of that gafeous acid, as in

the upper part of a barrel of beer when it is ferment-

ing. The alkali feizes as much of the carbonic acid as

it can abforb, and is regularly cryftallized. Its cryftals

.are quadrangular prifms, terminating in very fhort py-
ramids with four faces.

Carbonate of potalh has an urinous tafte, but much
weaker than that of the cauftic vegetable alkali

;
for in

medicine it is given as a difcuflive in dofes of feveral

grains. This neutral fait is very fubjedt to alteration

from fire
; it melts eafily, and is pretty quickly redu-

ced to an alkali. If it be diftilled in a retort with a

receiver, and a pneumato- chemical apparatus with mer-
cury fitted to it, the produdts obtained are, the water

of its cryftallization, and its acid in an aeriform ftate.

The potalh, after this operation, remains in an irregu-

lar mafs, ftill retaining, however, a fmall portion of the

acid, which cannot without the greateft difficulty be
extradted from it by fire. According to Bergman’s
analyfis of it, carbonate of potalh, when faturated with

the acid, and regularly cryftallized, to which he gives

the name of aerated vegetable alkali

,

contains in the

quintal twenty parts of the acid, forty-eight of pure

alkali, and thirty-two of water. But it is to be ob-

ferved, that carbonates are more liable than other neu-

tral fa-lts to vary in the quantity of the acid. Yet, as

this fait never furnifhes regular cryftals but when it is

fully faturated, Bergman’s calculation deferves to be

confidered as fufficiently accurate.

Carbonate
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Carbonate of potafh, when fully cfyftallized, fuffers

no alteration from air
;

its cryltals neither deliquiate

nor efflorefce, but remain tranfparent. This fait, when
fo pure as to polfefs this property, being of ufe in ma-

ny experiments, it may be proper to let the reader

know that it is prepared in the following manner : By
expoAng a lixivium of common potafli, very pure and

white, and feparated from the fulphate of potafh which

it ufually contains, in a lhallow dilh, in the upper part

of a beer barrel
; and the procefs is the fooner com-

pleted, if the potalli be continually flirred or poured

out of one velfel into another ; and if it be thus kept

in contact with the carbonic acid produced by fermen-

tation, till fuch time as it depofite beautiful cryftals of

carbonate of potalli.

This fait diffolves readily in four parts of cold water,

and a rather fmaller quantity of warm water will main-

tain it in folution
; it produces cold as it unites with

that fluid. That property which diftinguilhes neutral

from Ample falts fufticiently determines the difference

between carbonate of potalli and pure or cauftic pot-

alh. It is cryftallized by evaporation and cooling con-

jundtly. When the folution is too much concentrated,

it takes the form ofan irregular mafs,—-which often hap-

pens in the laboratories.

This fait, as well as potafh, ferves as a flux to veri-

fiable earths
;

becaufe Are reduces it to an alkali by
expelling the carbonic acid. BeAdes, when this fait,

with a mixture of fand, is violently heated in a cru-

cible, a lively effervefcence may be obferved at the in-

Aant of vitriflcation ; and that effervefcence is owing

to the difengagement of the carbonic acid. This fa£t

ihows that Aliceous earth cannot enter into combina-

tion with an alkali falurated with this acid, and that

F f 3 the
1
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the acid efcapes when the vitreous combination takes

place. This effervefcence attends fo invariably the

combination of thefe two fubftances, that Bergman
propofes to try filiceous earth by means of the blow-
pipe, with carbonate of potafh, as no other earth exhi-

bits the fame phenomenon when heated with this

fait.

Clay does not afl at all on carbonate of potafh
;
but

the fait reduces that earth to a vitreous frit, though

not quite fo eafily as cauftic potafh. Barytes deprives

this fait of the carbonic acid.

Time likewife decompofes it, having a greater affi-

nity than potafh with the acid. Lime-water poured

into a folution of carbonate of potafh, gives a precipi-

tate of an almofl infoluble fait, produced by the com-

bination of lime with the carbonic acids
;
and the pure

or cauftiq alkali remains diffolved in the water. In

pharmacy, this procefs is made ufe of for the pre-

paration of the lapis caujlicus
,
which is nothing but

fixed vegetable alkali rendered cauftic by lime. Mo-
' dern difcoveries have fhown, that Lemery’s procefs for

preparing the lapis caujlicus
,
though followed by ma-

ny pharmacopoeias, is very defective. It confifts in

mixing two pounds of allies obtained by the combu-

ftion of the hufks of grapes with lees of wine *, with a

pound of quicklime, immerfing the mixture into fixteen

pounds of water, filtering it, evaporating this lixivium

in a copper veflel, melting the refidue in a crucible,

and pouring it out upon a plain furface. The producft

obtained by this operation is merely a dirty alkali nqt

Very cauftic, and containing copper.

Bucquet,

* Thofe afhes contain a great deal cf vegetable alkali or earbonaU
and fulphate of potafh. A.
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Bucquet, fenfible of the difadvantages of this procefs,

has given one, more tedious and expenlive indeed, but

much more certain and advantageous, efpecially for

preparing very pure potafh, which is fo necelfary in

chemical experiments. Take two pounds of very

ftrong quicklime
;

pour a little water upon it to re-

duce it to powder
;

• add a pound of fixed fait of tartar,

and pour upon it as much water as may be fufficient

to form it into a pafte : When this mixture becomes

cool, add to it water to the quantity of fixteen pints,

and put the whole into a linen cloth lined with paper
;

about twelve pints of a clear liquor will pals through

this ftrainer, and the remainder is to be walked with

four pints of boiling water to take away all the alkali.

This liquor gives no effervefcence with acids : but the

beft tell for trying its caufticity is to obferve whether

it clouds lime-water
;

for if it contain the fmalleft por-

tion of carbonic acid, it will infallibly produce that

effect. But as, after this firft procefs, it (till gives a

precipitate with lime-water, when very pure alkali is

wanted for nice experiments, the lixivium may be

treated with two additional pounds of quicklime. It

then pafles very clear through the ftrainer, and be-

comes fo caultic as not to alter the tranfparency of lime-

water. When the alkali is evaporated by fire in the

open air, that fait abforbs the carbonic acid contained

in the atmofphere
;

therefore, to obtain it in a dry

form, and very pure, we muft evaporate the liquor in

a retort. But this very tedious procefs is not neceffa-

ry for producing the lapis cauflicus ; for if alkali be of

fuch ftrength as to corrode the furface of the fkin, it is

fufficient for the purpofes of that preparation. But
as dry folid potafh, in a ftate of high purity, is necef

Cary in many experiments, I muft here obferve, that

F f 4

I
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the cauftic alkaline lixivium mull be evaporated in

clofe veffels, and that the fire mufl be very cautioufly

managed, becaufe the evaporation is attended with

confidevabje difficulty, in regard to the denfity which
the liquor affumes towards the end of the procefs. The
fixed alkali is very white, and does not effervefce with

acids, nor deflroy the purity of lime-water.

Magnefia does not adt on carbonate of potafh
; for

the carbonic acid has a greater affinity with fixed ve-

getable alkali than with that falino-terreous fubftance.

The fulphuric, the nitric, the muriatic, and the

fluoric acids, decompofe carbonate of potafh by com-
bining w^th the fixed alkali, and feparating the carbo-

nic acid with effervefcence. The acid may be colledt-

ed under water or mercury. It is diflinguifhable by
the four following characteriflics : it is more ponder-
ous than air j it extinguifhes lights

; reddens tindture

of turnfol
; and precipitates lime water.

The boracic apid feems incapable of feparating the

acid from carbonate of potafh cold
; but when hot, it ef-

fects it with great eafe.

The neutral falts which we have examined neither
fuffer any alteration from carbonate of potafh, nor pro-
duce any fuch effedt upon it.

This fait abounds in nature. It is often found in

vegetables,' completely formed, and is conftantly ob-
tained by the incineration of thofe organic bodies

;
as.

we fhall have occafion to fhow when we come to fpeak
of the vegetable kingdom. Burnt tartar affords it in
the greatefl abundance. It is alfo prepared by the de-
tonation of nitre of potafh.

Carbonate of potafh is much ufed in the arts. In
medicine, it is adminiftered as an aperient and difcuf-
•llve

5 tn obftructions of the mefentery and the urinary
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pafiages. It is always given in frrjall dofes, and along

with lome fubftance of efficacy to moderate its ac-

tion.

Species XII. Carbonate of Soda.

This fait, like the foregoing, was formerly thought

an alkali. It is, however, a combination of the car-

bonic acid with mineral alkali. This feems to be the

fait which the ancients called natrum. It is ufually

called fait of foda y
becaufe it may be obtained pure

and regularly cryftallized by evaporating a lixivium

of common foda. Marine alkali is likewife diftinguifh-

ed from vegetable fixed alkali, by its being fufceptible

of cryftallization and effiorefcence, which is owing to.

its being completely fatiirated with carbonic acid in

its ordinary ftate.

Carbonate of foda has an alkaline tafle ; it commu-
nicates a green colour to fyrup of violets, but does not,

like cauftic foda, finally alter its colour. Its tafle i$

urinous, but not burning, and much weaker than that

of pure marine alkali.

This fait is naturally purer than carbonate of potafh,

and has been long known to be fufceptible of cryftal-

lization *, a property which may be confidered as form-

ing a general diftindtion between neutral and fimple

falts. Its cryftallized form is owing to its containing

almofl always the quantity of carbonic acid necelfary

to its faturation and cryftallization.

This fait, when haflily cryftallized, exhibits rhom-
boidal plates, difpofed obliquely one over another, like

tiles on the roof of a houfe. When flowly cryftallized,

ft ^flumes the form of rhomboidal odfcohaedrons, with

pyramid^
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pyramids truncated near the bafe, or folid decahaedro'ns,

with two acute and two obtufe angles.

This fait generally melts ealier than carbonate of

potalh ;
for which reafon it is ufed in preference to it

in the glafs-houfes. It lofes moft part of its acid by

heat, but Hill retains a little. Bergman has found, by

an exadt analyfis, that an hundred parts of carbonate

of foda, which he calls aerated mineral alkali
,
contain

lixteen parts of the acid, twenty of pure alkali, and

lixty-four of water :—fo that more of the acid is requi-

lite to faturate foda than to faturate potalh; and the

cryllals of the former retain juft twice as much water

as thofe of the latter. It is to this extraordinary quan-

tity of water that carbonate of foda owes its cryftalli-

zing with fuch facility and regularity, as well as its

property of efflorefcing.

Carbonate of foda is more foluble than carbonate of

potalh. It dilfolves in two parts of cold or one of

boiling water. It cryftallizes by cooling, but gives

much more regular cryllals by flow evaporation.

When this fait is expofed to the air, it crumbles

down very readily into dull
;

for the air deprives it of

the water of its cryftallization : But it is not altered

by this eftiorefeence
;

for we can reftore to it its pri-

mary form by folution in water.

It contributes greatly to the fufion of vitrifiable

earths, and forms with them a glafs lefs liable to altera-

tion than that which is in part compofed of carbonate

of potalh, to which it is for that reafon preferred in

the glafs-houfes. It has been obferved, that when fand
unites with this fait, it efcapes with a very obfervable
eftervefcence, agreeably to what we have remarked of
carbonate of potalh. It has no more influence on clay
than the laft fait.

Barytes,
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Barytes, as well as quicklime and lime-water, de-

oompofes carbonate of Coda in the fame manner as car-

bonate of potafh, and leparates the pure cauftic mine-

ral alkali. A folution of this fait poured into lime-

water produces a precipitate
;
an effeCt which is never

produced by cauftic foda. When pure cauftic foda is

wanted for nice chemical experiments, recourfe muft

be had to the fame procefs which we defcribed above

for preparing the lapis caujlicus.

Carbonate of foda, as well as carbonate of potafh,

may be decompofed by the fulphuric, the nitric, and

the muriatic acids, &-c. The carbonic acid may be

obtained from it by collecting it into a glafs filled with

water or mercury.

In Egypt, this fait is found entirely formed at the

furface of the earth, as well as in feveral other places.

It is likewife found in the afhes of fea-weeds, but not

completely faturated with the acid. To render it more

perfectly neutral, it muft be direCtly combined with

the cretaceous acid, either by fhaldng it over fome li-

quor in a date of fermentation, or by receiving into a

folution of it a portion of the carbonic acid, feparated

from chalk by the fulphuric acid. It may be alfo pro-

duced by wetting the tides of a veflel with a folution

of foda, and then pouring into the veflel a quantity

of carbonic acid : the mouth of this veflel is then to

be covered with a wet bladder
;
and at the end of a

few hours, the combination is found to be effected,

—

for the bladder is emptied by the abforption of the

carbonic acid, and the Tides of the veflel are covered

with the fait in regular cryftals.

Carbonate of foda may be applied to the fame pur-

pofes with carbonate of potafh. It is much more ufed

in foap and glafs manufactories, &c. &c, We fhould

therefore
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therefore endeavour to procure it in greater quantities,

and to extrad it in the great way from muriate of fo-

da. We have feen that litharge, which fome chemilh

pretend to be adequate to this effed, does not proper-

ly decompofe that fait. We have alfo taken notice of

Scheele’s having difcovered a more entire decompofi-

tion of muriate of foda, effeded by quicklime and iron,

with the help of atmofpheric air, and the carbonic

acid which it contains. We fee that a greater propor-

tion of this acid than what ufually exifts in the atmof-

phere, is requifite to promote this decompofition by
exerting its attradive force on the foda.

• HAP.



Genus II. Imperfect Neutral Salts
, with a Ba/e of

Ammoniac
, or Ammoniacal Salts.

Mmoniacal falts are formed by the combination

of an acid with volatile alkali, or ammoniac.

Their tafte is generally urinous : all of them are more

or lefs volatile, and eafier of decompofition than per-

fed neutral falts. .We know of fix kinds or fpecies of

ammoniacal falts :—ammoniacal fulphate ; ammoniacal

nitrate ;
ammoniacal muriate, or fal ammoniac pro-

perly fo called
;
ammoniacal borate ; ammoniacal fluate

$

and ammoniacal carbonate.

Ammoniacal fulphate, formerly called ammoniacal

1vitriolic fait, or ammoniacal vitriol, refults from a fatu-

rated combination of the fulphuric acid with ammo-
niac. It is called fecret ammoniacalfait of Glauber

, be*
eaufe that chemift was the firft who difcovered it.

Species I. Ammoniacal Sulphate.

This

J
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This fait, when very pure, appears under the form

of needles, which when carefully examined are found

to be flattened prifms of fix faces, two of them very

large, and terminating in fix-fided pyramids more or

lefs irregular : but this form varies almofl always either

more or lefs from what we have defcribed. Sometimes

this fait appears in quadrangular prifms
;
and I have

often obtained it in very thin fquare plates. Its form,

as in other infiances of cryftallization, feems to depend

on the manner in which the cryftalline laminae are de-

pofited
;
which is either on their largeft faces, their

edges, or their angles.

The tafte of this fait is bitter and urinous; it is pret-

ty light, and very friable.

As it contains, in cryftals, a good deal of water,

even a moderate fire inftantly liquefies it
; but it be-

comes gradually dry, in proportion as the water which

it contained is evaporated. When brought to that

ftate, it melts, according to M. Bucquet, as it begins

to become red-hot, without volatilizing; butM. Baume
fays that it is partly volatile. On repeating this expe-

riment, I obferved that part of this fait is actually fub-

limated, but part remains fixed in the veflels. M.
Bucquet is certainly to be underftood as fpeaking of this

laft part.

Ammoniacal fulphate fuffers fcarce any alteration

from air. It does not efflorefce like fulphate of foda,

hut rather attrads moifiure.

It difiolves very readily in water : two parts of cold

water diflolve one of this fait ; and boiling water dif-

folves a quantity equal to its own weight. It cryftal-

lizes by cooling
;
but the fineft cryftals which it affords

are obtained by infenfible and fpontaneous evaporation.

It combines alfo with ice, which it caufes to melt with
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a confiderable cold. It adts not at all on either alu-

minous or filiceous earth. Magnefia decompofes it in

part, efpecially if time he allowed it to adt, as Berg-

man has obferved.

Lime, barytes, and the pure fixed alkalis difengage

the ammoniac from this fait
;
and we fhall find the

cafe to be the fame with regard to ammoniacal mu-
riate. When carbonate of potafh or foda is diftilled

with ammoniacal fulphate, a double decompofition and

combination take place. The fulphuric acid combining

with fixed alkali, forms fulphate of foda or potafh, ac-

cording to the nature of the alkali ; and the carbonic

acid which is difengaged, being volatilized at the fame

time with the alkaline gas or ammoniac, thefe two bo-

dies unite, forming a peculiar ammoniacal fait, which

is cryftallized in the receiver. We will confider this

point more at large under the hiftory of the Ammonia-
cal Muriate.

The nitric and the muriatic acids feparate part of

the fulphuric acid from ammoniacal fulphate
; adting

upon it juft as upon fulphate of potafh and foda.

This fait has never yet been found among the pro-

ducts of nature. Yet M. Rome de Lille in his Eflay

on Cryftallography, 1772, page 57, informs us, that, in

M. Sage’s opinion, the ammoniac fait produced from

volcanoes is of this kind. Art produces it by a diredt

combination of the fulphuric acid with ammoniac, by
decompofing earthy or metallic falts with volatile alka-

li, or laftly, by decompofing nitric, muriatic, and car-

bonic ammoniacal falts with fulphuric acid.

Ammoniacal fulphate is applied to no ufe ; though
Glauber has recommended it ftrongly for metallurgic

operations.

Species,

I
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Species II. Ammoniacal Nitrate.

Ammoniacal nitrate, or nitrous ammoniacal fait, i$,

like the foregoing fait, a product of art. It is prepared

b7 a dired combination of the nitric acid with ammo-
niac. Its cryftals are prifms

;
but the number and the

difpofition of their faces are not well known. M. Rome
tie Lille fays, that it fometimes cryftallizes in beautiful

needles pretty fimilar to thofe of fulphate of potafh.

But its needles are long and ftriated, and refemble

thofe of common nitre much more than fulphate of

potafh. The tafte of this fait is bitter, pungent, fome-

what frelh and urinous. It is equally friable with am-
moniacal fulphate. It liquefies when expofed to the

adion of fire
;
exhales aqueous vapours, becomes dry,

and long before being red-hot detonizes ofitfelf, with-

out being in contad with any combuftible matter, and

even in clofe veflels. In the firlt edition of this work
it was obferved, that this Angular property appeared to

depend on the ammoniac, becaufe the alkaline gas

feems to have fomething combuftible in its nature, and

increafes before extinguifhing the flame of a taper. M.
Barthollet having expofed a quantity of ammoniacal

nitre to the adion of fire in a diftillatory and pneu-

mato-chemical apparatus, and having obferved the

phaenomena which it then exhibited with peculiar at-

tention, difeovered that it is not a true detonation which
takes place on that occafion, but a rapid decompofition,

by which part of the volatile alkali or ammoniac is

entirely deftroyed : the water obtained in the receiver

contains a little nitric acid, proportioned to the quan-
tity of the ammoniac decompofed; and the latter gives

out azotic gas, or atmofpheric mephitis. On weighing

the
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the liquid product of this operation, the quantity of

watef is found to be greater than what the ammoniacal

nitre was known to contain
;
and M. Berthollet thinks

this increafe of the water to be owing to the combina-

tion of the hydrogene of the ammoniac with the oxi-

gene of the nitric acid. The azotic, the other prin-

ciple of this fait, which contains fix parts of it for one

of hydrogene, efcapes, and is" collected under the glaf-

fes of the pneumatic-machine, in the form of azotic

gas.

It is not known whether this fait be fufible; for its

firfl liquefa&ion is owing to the water of its cryfial-

lization, and it is diffipated before it can undergo a

fecond.

We are equally ignorant with regard to its vola-

tility : we can form no judgment of it; for, before

it can be fublimated, it fwells and is decompofed.

It feebly attracts the moifture of the air
;

its cryftals

agglutinate, and form a kind of clods.

It diflolve9 very readily in water
;

it combines with

ice, and melts it, producing at the fame time a confider-*

able cold. It diffolves more readily in warm than in

cold water : no more than half a part of the former

is requifite to maintain it in folution, and it cryfial-

lizes by cooling, but irregularly. To obtain this fait

in regular cryfials, recourfe mull be had to fpontane-

ous or infenfible evaporation.

Ammoniacal nitrate is decompofed by barytes, lime,

and the alkalis, in the fame manner as ammoniacal ful-

phate. As the alkaline gas feparated by thefe cauftic

fubftances is very volatile and expanfive, ammoniacal

nitrate, as well as the other neutral lalts of the lame

genus, may be decompofed cold by trituration with

lime. But when this decompofition is attempted by
Vol. I. G g fire
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fire in clofe vefleb, the heat muft be very cautioufly

managed, to prevent it from catching fire.

The fulphuric clifengages the nitric acid from this

fait with eifervefcence, and combines with its bafe to

form ammoniacal fulphate.

Carbonate of potafii or foda decompofes it, and is in

its turn decompofed by it. in thefe operations, ammo-
niac is fublimated in a concreteTorm : the fublimate we
are afterwards to examine under the name of ammonia-

cal carbonate.

Ammoniacal nitre is not applied to any ufe.

Species III. Ammoniacal Muriate, or Sal Ammo-
tiiac.

Ammoniacal muriate, or the faturated combination

of the muriatic acid with ammoniac, was called by the

ancients fal ammoniac ; becaufe it was procured from

Ammonia, a country in Libya, in which ftood the

temple of Jupiter Ammon.
This fait is found in places adjacent to volcanoes. It

appears in the form of an efflorefcence, or groupes of

needles, feparate, or compacted together, generally of

a yellow or red colour, and mixed with arfenic and

orpimeht : but no ufe is made of that which is pro-

cured in this way. The fal ammoniac employed in the

arts, is prepared by a procefs which we are juft about

to defcribe.

The real origin of this factitious fait was unknown

till the beginning of the prefent century, tho’ it had

been made ufe of in many of the arts from time imme-

morial. M.' Lemere, conful at Cairo, in a letter to

the
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the academy, dated 24th June 1719, firft informed us

how fal ammoniac is obtained from the foot of camels

dung, which is burnt at Cairo inftead of wood.

This foot is put into large round bottles a foot and

an half in diameter, and terminating in a neck two
inches long. Thefe bottles are filled up with this mat-

ter till within four inches of the neck. Each bottle

holds about forty pounds of foot, and affords nearly fix

pounds of fait. Thefe velfels are put into a furnace in

the form of an oven, fo that only the necks appear a-

bove. A fire of camel’s dung is kindled beneath it,

and continued for three days and three nights. On the

fecond and the third day the fait is fublimated. The
bottles are then broken, and the fait taken out in cakes.

Thefe cakes, which are fent us juft as they have been

taken out of the bottles in Egypt, are convex, and un-

equal on the one fide
;
on the middle of that fide they

exhibit, each a tubercle correfponding to the neck of

the bottle in which it was prepared. The lower fide

is concave
;
and both are footy.

Pomet makes mention of a fal ammoniac
,
procured

by the way of Holland, in truncated cakes refembling

fugar loaves. Geoffrey, who was the firft in France

that difcovered from what materials this fait is obtain-

ed, and who even guefied fuccefsfully at the procefs

employed in Cairo for preparing it, found out that this

fecond fpecies of fait comes from the Indies, where it

is prepared in much greater quantities than in Egypt
by the fame procefs of fublimation, but in a different

form. Thefe Indian loaves confift of fourteen or fifteen

pounds each, are hollow at the bottom, and formed of

various layers. The cone is truncated, becaufe its

extremity, being impure, is always broken off.

M. Baume has eftablifhed, in the neighbourhood of

G g 2 Paris,
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Paris, a manufactory of ammoniacal fait; in which
this fait is compofed, not extracted as in Egypt.
M. Baume’s fait is likewife purer than the Egyp-
tian *.

Ammoniacal muriate has a poignant, acrid, and u-

rinous tafte. Its cryftals are in the form of long hexa-
haedral pyramids : a number of them are fometimes
united together in an acute angular direction, fo as to

exhibit the form of feathers. M. Rome de Lille thinks

the cryftals of ammoniacal muriate to be otftohsedrons

bundled together. This fait is fometimes, but not fre-

quently, found in cubic cryftals in the middle of the

concave hollow part of the fublimated cakes.

.This fait pofteftes one pretty lingular phyfical pro-
perty

; a kind ofdudtility or elafticity, which caufes it

to yield under the hammer, or even the fingers, and
makes it difficult to reduce it to a powder.
Ammoniacal muriate is totally volatile

; but a very
ftrong fire is requifite to fublimate it. This method is

applied when it is wanted very pure and entirely free

of water. It is reduced to powder, put into a matras,

and the veflel is then immerfed half way into a fand-
bath, where it is gradually heated for feveral hours.

By this means we obtain a mafs confifting of ftriated

needles, joined to each other longitudinally. When
this

* In Britain fal ammoniac is likewife prepared in great quantities.

'I he volatile alkali is obtained from foot, bones, and other fubilances

known to contain it. To this the vitriolic acid is added; and this vi-

luolic ammoniac is decompofed by common fait by a double affinity.

The liquor obtained in confequence of this decompofition contains
fulphate of foda and fal ammoniac. The firft is cryflallized, and
the fccond fublimated fo as to form cakes, which are then expofed
to fale. Lord Dundonald, by an ingenious procefs, extra&s ammo-
niac from pit-coal.
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this operation is properly concluded, very regular cubic-

crydals are often found in the midd of the loaves. But

if too drong a heat has been applied, the produd is on-

ly a fhapelefs thick and femi-tranfparent mafs, with the

appearance of having been melted.

M. Baume has obferved, that by repeated fublima-

tions of this fait, a fmall quantity both of ammoniac '

and of the muriatic acid is at length difengaged
;

fo

that, according to that chemid, ammoniacal muriate

might perhaps be decompofed by continued fublima-

tion.. This fad requires confirmation.

Ammoniacal muriate is liable to no alteration from

air; it may be kept for a long time without differing

any change.

It diffolves very readily in water. Six parts of cold

water are fufficient to diffolve one of this fait. Acon-
iiderable cold is produced as the folution takes place,

and that cold is dill keener when the fait is mixed

with ice. This artificial cold is happily applied to

produce feveral phaenomena which could not otherwife

take place, fuch as the congelation of water on certain

occafions, the cryftallization of certain falts, the fixa-

tion and prefervation of certain liquids, naturally very

fubjed to evaporation, &c.

Boiling water diffolves a quantity of ammoniac,

nearly equal to itfelf in weight. This fait may be cry-

ftallized by cooling
;
but, like other falts, it gives the

mod regular crydals by dow or fpontaneousr evapora-

tion. A drong folution of this fait when inclofed in a

flafk, often depofites at the end of a few days bundles

of crydals, confiding of an horizontal thread, with

others united to it in a perpendicular diredion
; and

thefe again fupporting others
; fo that the whole toge-

ther difplays a very natural imitation of vegetation. I

G g 3 have
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have feveral times obferved this phenomenon in my
own laboratory *.

Aluminous earth does not decompofc ummoniacal

muriate. Magnefia decompofes it, but with great dif-

ficulty, and only in part, as Bergman has obferved. If

a mixture of magnefia and a folution of ammoniacal

muriate be put into a phial, at the end of a few hours,

&s the celebrated chemift of Upfal has obferved, there

is difengaged a quantity of ammoniac vapours
; but

this phenomenon foon ceafes, and but a very little of

the fait is decompofed.

Both lime and barytes feparate ammoniac from the

muriatic acid even cold. The ammoniac gas is in-

ifantly volatilized, if this fait be but triturated with

quick-lime
;
and its fmell makes a lively impreffion on

the nerves. When this experiment is performed in

clofe veflels, the ammoniac may be collected in water,

either in a gafeous ftate or diffolved. As no au-

thor has given a particular explanation of the method

of performing this operation, though modem improve-

ments have rendered it both accurate and certain, we
think ourfelves obliged to give a full defeription of it in

this place.

A

* Every chemift knows of yvhat advantage it is to examine from

time to time produAs preferved in a laboratory, more efpecially folu-

tion6 of falts. When chance offers any curious faAs to our obferva-

tion, we ought always to note them down, that we may not iofe what

tnay be aftet wards found of high importance. Thus have I many times

feen cryftals formed which I could not obtain by evaporation. It hap-

pens too, that when phials are moved or uncorked, cryftals are foon

after depofited
;

for motion and the contaA of the air are highly fa-

vourable to the produAion of thefe. This note, though unnecefTary

£o thofc who have been long employed in chemical purfuits, may be

p>f ufe to thofe who are juft beginning to engage in fuch ftudies.
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A mixture of ftrong quicklime and very dry ammo-

niacal muriate heated in a retort, with its extremity

immerfed into a bell-glafs full of mercury, affords a

large quantity of alkaline gas or ammoniac. It is now

known why fcarce any product is obtained, and the o-

perator is expoied to danger from the breaking of the

veifels, when fuch a mixture is diddled in balloons

without a pneumato-chemical apparatus. Thefe cir-

cumftances arile from the rarefadion of the mixture,

and the quantity of the ammoniac gas difengaged. M.

Baume, having himfelf experienced part of thofe in-

conveniences, gives it as his advice to put water into

the retort. This fluid abforbs and carries oft' part of

the gas ;
but as the gas is much more volatile than wa-

ter, a great part of it is always loft. Chemifts who are

now acquainted with the ftrong affinity between am-

moniac gas and water, and with the amazing volati-

lity of the gas, employ Mr Woulfe’s
.
apparatus very

fuccefsfully in performing this operation. This inge-

nious procefs conlifts in fitting to a balloon with two

necks an empty bottle, and joining to it two or four

collateral bottles conneded by fyphons. Quicklime

and dry powdered ammoniacal muriate are put into a

ftone retort, which is meant to be luted to the balloon

:

a moderate heat is then cautioufly applied till the bot-

tom become red-hot, and even begin to vitrify. The

ammoniac gas being difengaged by the lime, pafles in-

to the balloon and the bottles, unites with the water

with heat, and forms in the firft bottles what is called

volatile fpirit of alkali, in the ftrongeft and moft cau-

ftic ftate in which it can poflibly be obtained. By this

means none of the ammoniac is loft
;
and belides the

produd is very white and pure, and the operator is in

pio danger from the vapour, or the burfting of the vef-

G g 4 fels.
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fels. Bucquet and I likewife found by a great many
experiments, that one part and an half of lime, infteail

of three parts which are ufually employed, are fuffi-

cient to decompofe one part of ammoniacal muriate.

Lime flaked byexpofureto the air decompofes this fait

as well as quicklime. The refidue after this operation is

calcareous muriate, which fhall be hereafter examin-
ed. This procefs proves lime to have a greater affi-

nity than ammoniac with the muriatic acid.

The two fixed alkalis, as well as lime, decompofe

ammoniacal muriate, and difengage the ammoniac in a

pure gafeous form. Thefe, as well as lime, may be
made ufe of to feparate lpirit of alkali.' But they are

not ufually applied to that purpofe in the laboratories;

becaufe the ufe of them on that occafion would render

the procefs. much more expenlive, without affording

any new advantage.

The fulphuric and the nitric acids feparate the- mu-
riatic acid from this fait, and enter thernfelves into

combination with the ammoniac, with which they have

a ftronger affinity. The refidues are ammoniacal ful-

phate and nitrate.

Scarce any of the alkaline neutral falts ads upon
ammoniacal muriate

;
none but thofe which are form-

ed by the combination of the carbonic acid with the

two fixed alkalis decompofe it. A double decompo-
fition and combination takes place on fuel) occafions.

In fad, while the muriatic acid unites with the fixed

alkalis to form muriate of potafh or of foda, the carbo-
nic acid feparated from the alkalis meeting with the

ammoniac, at the fame time left in a feparate ftate, forms
ammoniacal carbonate, which is fublimated and form-
ed into cryftals that are found fcattered all over the
jnner fides of the balloon. In performing this opera-
>ion, one part of potafli or foda, which, mull be very

dry*



Salts. 473

dry, is mixed with another of fublimated ammoniacal

muriate in powder. This mixture is put into a (lone

retort, to which a large balloon, or rather a glafs cu-

turbite, muft be fitted
;
and fire is now gradually ap-

plied till the bottom of the retort be made red-hot. A
white fait in fine cryftals pafies by fublimation into

the cucurbite, (which is ammoniacal carbonate). A
little water pafies at the fame time, and the refidue is

muriate of potafh, or of foda, according as the one or

the other of thofe fixed alkalis was employed. By this

means we obtain a very conliderable quantity of the

fait, equal to no lets than two-thirds of the ammonia-

cal muriate which entered into the mixture. This

phenomenon induced Duhamel to think that a little

fixed alkali efcaped along with the volatile. It is eafy

to underftand, fince modern experiments have thrown

light on this theory, that what gives on this occafionfo

confiderable a quantity of the fublimated fait is the u-

nionof the carbonic acid feparated from the fixed alkali,

with the ammoniac. Till of late, however, this concrete

volatile alkali was always thought to be the pureft

;

and to it were afcribed the properties of cryfiallizing

and effervefcing with alkalis
;

while that obtained by

lime, which is pure volatile alkali, was thought to be

a fait that had been altered, and in part decompoled.

From this we fee what new light the difcoveries of Dr
Black have thrown on the nature of faline matters

; and

we cannot help faying that they have rendered che-

miftry quite a new fcience.

Ammoniacql muriate is applied to various purpo-

fes. In medicine it is adininiftered internally as a

difcufiive in obftructions and intermittent fevers, &c.
in dofes of a few grains. Externally applied, it is a

powerful antifeptic in gangrenous cafes, $cc. &c.

It
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It is.ufed in many of the arts, more efpecially in dye-

ing and in metallurgy, when different metals are t o'

be foldered together. Braziers ufe it to clear the

furface of copper which they are going to cover with
tin. ,

Species IV. Ammoniacal Borate.

Ammoniacal borate, or the faturated combination

of the boracic acid with ammoniac, has not been yet

examined by any chemift. I have made the following

obfervations on fome of its properties.

I diffolved a quantity of very pure boracic acid in

ammoniac, or cauftic volatile alkali, till the fubftances

appeared to be mutually and completely faturated:

this folution I diluted in a little water, and then eva-

porated in a fand-bath about one half of this liquor.

When cooled, it afforded a layer of cryftals joined to-

gether, and exhibiting on their furface polyhedral
pyramids. This fait has a poignant urinous tafte

; it

turns fyrup of violets green, gradually lofes its cryftalline

form, and becomes brown by the contact of the air.

It diffolves readily enough in water. Lime difengages

the ammoniac.

Thefe are chief properties which I obferved on a

hrfl examination of it : but I have not yet made e-

nough of experiments upon it to be fully acquainted

with its nature.

Ammoniacal borate is not applied to any ufe.

Species
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Species V. Ammoniacal Fluate.

This fait, like the preceding, is fcarce fufficicntly

known to be difiinguifhed by its peculiar properties

from other ammoniacal falts.

M. Boullanger agrees with Scheele, that the fluoric

acid when combined with ammoniac does not cryftal-

lize, but forms a jelly ;
which exhales vapours like

thole of the muriatic acid, upon the addition of a por-

tion of the fulphuric. Neither of thofe cliem ills has

examined the other properties of this fait; but they had

learned enough to enable them to diftinguilh between

the fluoric and the muriatic acids.

\

Species V I. Ammoniacal Carbonate.

We give the name of ammoniacal carbonate to a kind

of neutral fait, which was formerly called concrete 'vo-

latile alkali , but is adlually a neutral faline combination

of the carbonic acid with ammoniac.

It does not exift in nature in a pure infulated date
;

but it may be obtained from almoft any animal fub-

ftance by the a&ion of fire. It is likewife formed by

the direft union of ammoniac with the carbonic acid,

i. By lhaking that alkali in the upper part of a vefiel

containing fermenting liquor. 2. By caufing the car-

bonic acid to pafs into volatile fpirit of alkali. 3. By
pouring this acid into a vefiel, the fides of which are

wet with ammoniac diluted in water. 4. By a dired

combination of the carbonic acid gas with ammoniac
gas above mercury ; the two gafeous fubfiances in-

fiantly unite, a ftrong heat is excited, and a concrete

2 fait
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fait is formed on the fides of the glafs in which the

mixture is made up. In all of thefe cafes ammoniacal
carbonate is dnftantly formed in cryflals. The fame
fait is likewife obtained by decompoling ammoniacal
muriate with carbonic neutral falts having a bafe of
potafh or foda.

Ammoniacal muriate may be caufed to aflume a re-

gular form. Its cryftals appear to be prifms with a

number of fides. Bergman calls them ottohadrons

with four of their angles truncated. M. Rome de

Lille mentions his having feen this fait in groupes of

fmall tetrahasdral prifms, terminating at the upper ex-

tremity in a dihaedral fummit.

Its tafle is urinous, but much weaker than that of

pure cauftic ammoniac
;

its fmell, though not unlike

that of ammoniac, is alfo much fainter
; it communi-

cates a green colour to fyrup of violets. It may here be

proper to dbferve with refped to the laft-mentioned

property, that the carbonic is not the only acid which
does not abfolutely deftroy the chara&ers of fuch alka-

lis as it is combined with ; and that there is no rea-

fon on this account to refufe the name of neutral

falts to alkalis faturated with this weak acid
; for the

boracic acid is of the fame chara&er, as to its effe&s on
alkalis

;
and no chemift has ever intimated a doubt

whether borax be a neutral fait.

Ammoniacal carbonate is very volatile, the lead heat

being fufficient to fublimate it entirely. If regularly

cryftallized, it begins to liquefy when heated, with

the help of the water to which it owes its cryftalline

form. But it is volatilized nearly at the fame time;

which renders it almoft impolhble to obtain this fait

Very dry and regularly cryftallized.

It diflolves very readily in water, producing cold at

the
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the inftant of its folution, like all other cryftallizing

neutral falts. This property alone, plainly diftinguifh-

ing it from pure ammoniac, which on the contrary

produces a confiderable heat when it combines with

water, might be fufficient to clafs ammoniacal carbo-

nate among the neutral falts. Two parts of cold water

dilfolve rather more than one of this fait
; warm wa-

ter diffolves more than a quantity equal to itfelf in

weight. But, as the heat of boiling water diffipates

it, we cannot adopt this method of cryftallizing it,

without running the rifk of lofing a confiderable

part.

It becomes fomewhat moift when expofed to the air,

and is the more liable to this when not entirely fatu-

rated with the carbonic acid.

Neither liliceous nor aluminous earth acts upon it

any more than on the other neutral ammoniacal falts.

Magnefta decompofes it but very feebly. Lime has

a ftronger affinity than ammoniac with the acid, and

decompofes this as well as other neutral falts. Lime-

water poured upon a folution of the ammoniacal carbo-

nate, immediately gives a precipitate, and a ftrong fmell

of caullic ammoniac is at the fame time diffufed a-

round. The lime feizing the carbonic acid, forms

with it chalk or calcareous carbonate, which is precipi-

tated, and the ammoniac is feparated. Quicklime, tri-

turated with ammoniacal carbonate, inftantly difenga-

ges the ammoniac in a gafeous form. The cauftic am-

moniac may be obtained from this mixture by putting

it into a retort accommodated with Woulfe’s apparatus,

juft as the volatile alkali is obtained from ammoniacal

muriate diftilled in the fame manner. This decom-
pofition proves lime to have a greater affinity than am-

3 moniac
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moniac with the carbonic acid, as well as with the o-

ther acids.

The fixed alkalis decompofe ammoniacal carbonate

as well as lime, by feparating the pure ammoniac, and

combining with its acid.

Lallly, the fulphdric, the nitric, the muriatic, and

the fluoric acids, have more affinity with ammoniac
than the carbonic acid. When any of thefe acids

w
is

poured on ammoniacal carbonate, it produces a lively

effervefcence by difengaging the carbonic acid. If this

decompofition be performed in a long ftrait veffel,

certain evidence may be obtained of the prefence

of the carbonic acid, by immerfing into it a taper,

which is inftantly extinguifhed,—tincture of turnfol,

which affumes a red colour,—or lime-water, which is pre-

cipitated. Thefe decompofitions of ammoniacal carbo-

nate by lime and the fixed alkalis,—which by feizing the

acid, feparate the ammoniac, and by the acids,—which

by uniting with the alkali, difengage the carbonic acid,

Ihow clearly the peculiar nature of ammoniacal carbo-

nate. Bergman found by accurate experiments, that a

quintal of this fait in cryltals contains forty-five parts

of carbonic acid, forty of ammoniac, and twelve of wa-

ter. As this fait contains more of the acid than car-

bonate of foda, and carbonate of foda more than car-

bonate of potaffi, that ingenious chemift concludes,

that the weaker the alkaline bafe, fo much the more

acid is requifite to faturate it. The boracic acid does

not decompofe ammoniacal carbonate cold
;
but when

a hot folution of the boracic acid is poured on this fait,

a very difcernible effervefcence is produced. The car-

bonic acid then difengaged may be collected by the

ufual means : and what is found at the bottom of the

veffel
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I is genuine ammoniacal borate. This experiment,

i which I have often repeated, confirms Bergman’s ob-

3 fervation, that heat modifies or changes the laws of elec-

tive attraction.

Ammoniacal carbonate does not adt on perfedt neu-

tral falts. But we will hereafter fee that it decompo-

fes calcareous neutral lalts by the way of double affi-

nity, which pure cauftic ammoniac does not. This fine

difcovery of Black’s explains the reafon of what the

chemifts had long aflerted, that ammoniac has a greater

affinity than calcareous earth with the acids.

Ammoniacal carbonate is ufed in medicine as a fu-

dorific, an anti-hifleric, &c. It is mixed with fome

aromatic matters. It has been confidered almoft as a

fpecific in the cafe of a viper’s bite ; but the Abbe
Fontana with good reafon oppofes that notion. Many
have advifed the ufe of ammoniacal carbonate or con-

crete volatile alkali in venereal complaints
;
but expe-

rience has not yet determined certainly how far it is ufe-

ful in fuch cafes. All that we know concerning the ap-

plication of this fait in the medical art is, that it is pur-

gative, incifive, diuretic, diaphoretic, and difcuffive

;

and that it adts powerfully in all diftempers arifing

from the thickening of the lymph, fuch as venereal

misfortunes, coagulations of milk, fcrophulous fwell-

ings, &c.

It is given in dofes of a few grains in certain drinks,

or in pills mixed with opium.

CHAP;
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Genus III. Calcareous Neutral Salts.

Species I. Sulphate of Lime
,

Selenite, or Gypfum.

THE combination of the fulphuric acid with lime

is properly calcareous fulphate ,
but is commonly

known by the name offelenite, plajler
,
or gypfum. This

fait abounds in nature. It is often found in vail banks

or layers ;
as for inftance at Montmartre near Paris. At

that place whole mountains are filled with ftrata of

felenite or plafter, covered over with a kind of ar-

gillaceous marl, which is aimoft always found with it.

As this fait has but very little tafte, and is fcarce

foluble, naturalifts have long confidered it as a ftony

fubftance ;
and they have diftinguifhed it into many

varieties, according to its various degrees of purity,

and the various forms under which it appears. We (hall

mention the chief of thofe varieties.
* /

The
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The Principal Varisties of Calcareous Sulphate.

1 . Calcareous fulphate, or felenite in rhomboidal
plates.

It is tranfparent like ice: the pieces which are

Ihown in cabinets of natural hiftory are irregular; but
they always fplit into rhomboidal plates. Such are thofe

!

at St Germains and Lagny, &c.
2. Cuneiform calcareous fulphate or felenite

;
or in

the form of arrow-heads.

It conlifts of two lcalene triangles joined in the

middle, each of which, as M. de la Hire has obferved,

conlifts of triangular plates. This ftone is called lapis

fpecularis, or talc of Montmartre.

3. Calcareous fulphate or felenite in decahaedral.

rhomboids;

Of this kind is that found in the quarries of Pally.

4. Calcareous fulphate or felenite in decahasdral

prifms.

This conlifts of hexahasdral prifms, terminating in

dihaedral pyramids, or in a concave angle. It is found

in Switzerland, &c r

5. Calcareous fulphate or felenite in cock’s combs,’

from Montmartre.

Thofe are colledtions of fmall lenticular cryftals, dif-

pofed obliquely one belide another. They are formed

by the union of the arrow-heads, of which we have

fpoken under the fecond variety.

6. Silky or ftriated calcareoiis fulphate or felenite^

filky gypfum of China.

It is found in Franche-Comte, Angoumois, &c. It

is in the form of very fine prifms, bundled together,-

ufually bright and glofiy like fatin. It is very difficult

Vol, I. H h to
1
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to diftinguifh in this the rhomboidal plates, wjiich arer

obferved in all the other varieties.

7. Calcareous fulphate, common- gypfurn, or plader-

ftone.

This fubdance is of a greyifh white colour, fpangled

with final! fparkling cryftals, which may be eafily ta-

ken out with a knife. It is found in ilrata
;
and mod

of the mountains about Paris conlift of it. We will

afterwards underhand that this is not pure felenite,

and does not make good plafter till after being mixed

with another earthy fait.

8. Calcareous fulphate in the form of alabader, or

gypfeous alabafler.

This is a fort of plafler-ftone, harder, and apparent-

ly of an earlier formation than the lafl defcribed
;
from

which it differs only as being half tranfparent, and

confiding of fmall layers, as is obferved of daladlites.

There is a great deal of it found at Langry near Paris.

This is one of the whited kinds, and is fometimes

veined or fpotted with yellow, grey, violet, or black

fpots.

9. Calcareous fulphate, felenite, common gypfum,
or gypfeous alabader, coloured, veined, fpotted, cloud-

ed, and punctuated.

This mixture of colours {hows the felenite to be con-

taminated with fome extraneous colouring matter.

The colours of this earthy fait are almod always occa-

lioned by iron in various dates.

Calcareous fulphate is likewife found didolved in

water, as for in dance in the wells of Paris
;
but never

pure, and always combined with fome other earthy

fait, having lime or magneda for its bale.

We have already mentioned that calcareous fulphate
tvas long taken by naturalids for a dony fubdance. They

thought
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thought it could not be a fait, as being apparently in-

fipid and infoluble : but it actually communicates a

peculiar fapidity to water,—which is very fenlible in the

ftonrach. Crude water, or water impregnated with fe-

lenite, afte&s the ftomach with a certain cold and hea-

vinefs. As to its fallibility ; the form, fize, tranfpa-

rency, quantity, and ftratd, of the cryftals of calcare-

ous fiilphate, in many places, and particularly all around

Paris, flrow plainly that it mud have been once dif-

folved in water, and afterwards depolited by that

fluid.

Calcareous fulphate, when expofed to the action of

fire, lofes the water of its cryftals, and when fuddenly

expofed to a ftrong heat decrepitates : it then aflumes

a rough white appearance, and becomes very friable.

Under this form it is called fine plajler. When mixed
with water, it admits of being wrought into a pafte,

of which very white and beautiful ftatues are -caft in

moulds. But as this plafter foon dries, retaining but

very little water, the ftatues are aptdo break under the

flighted blow. If the fire be continued after calcare-

ous fulphate is reduced to a white powder, it melts at

length into a kind of glafs. But to produce this efl’ed:,

the inoft intenfe heat is requifite, fuch as that of por-

celain furnaces, or the focus of a burning-glafs. Meflrs

d’Arcet and Macquer accomplifhed the melting of

calcareous fulphate. M. Macquer has obfefved, that

vvhen cuneiform felenite is expofed to the focus of a

burning-glafs, fo as that the light may fall on its po-

liftied furfaces, it only becomes white
;
but when its'

edges are expofed, it inftantly melts and boils. Berg-

man’s blow-pipe, or a ftream of vital air poured on a'

burning coal, likewife melts it.

Calcareous fulphate becomes phofphoric when laid

H h 2 oft
1
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on hot iron ;
and this property is common to all cal-

careous falts. We have feen that lime likewife dis-

plays it, when flaked.

Calcareous fulphate differs no very obfervable altera-

tion from the a&ion of air
;

yet when expofed to the

open atmofphere, the fparkling and polifhed plates of

this earthy neutral fait lofe their luftre, afiume the va-

riegated colours of the rainbow, Split into laminae, and

at length wade away. But thefe phenomena are

owing to the joint influence of heat, water, and air.

Calcareous fulphate diflolves in water, though flow-

ly and infenflbly. According to the chemifts of Dijon,

about 50a parts of water are requisite to diflolve one

of this earthy fait. Warm water diflolves it not in a

greater proportion. We cannot obtain by evaporating

this fait cryftals refembling thofe of nature
;
on fuch

occafions, as the boiling liquor is gradually evaporated,

fmall feales or needles are precipitated. The feales or

plates obtained by evaporating a folution of calcareous

fulphate are ufually fparkling, and when narrowly

examined appear to be formed of very fine needles

joined longitudinally.

Barytes, having a greater affinity than lime with the

fulphuric acid, decompofes calcareous fulphate. If a

folution of barytes be poured into water containing a

portion of this fait, ftriae of barytic fulphate are inftan-

taneoufly formed.

The fixed alkalis likewife decompofe' this neutral

fait. When cauftic fixed alkali is poured into a folu-

tion of calcareous fulphate, a white precipitate is pro-

duced in mucilaginous flakes, which are foon accumu-

lated at the bottom of the veflels, and eafily diftin-

guilhed to be quicklime by various means ;
and among

others, becaufe much water is requifite to diflolve them.

If
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If the incumbent liquor be evaporated, the refidue af-

ter evaporation is fulphate of potafli or of foda, ac-

cording as vegetable or mineral alkali was made ufe of

on the occafion.

As ammoniac has not fo firong an affinity with any
of the acids as lime, it is unable to decompofe calcare-

ous fulphate when that fait is very pure, and the am-
moniac made ufe of very cauftic : but if water in which
calcareous fulphate is diffolved, contain fome other fait

with a bafe of magnelia or aluminous earth, fuch as,

for inftance, the wells at Paris, ammoniac effefls a pre-

cipitation of it. To fucceed in this experiment, we
mull diffolve calcareous fpar in pure fulphuric acid,

and dilute that fulphate of lime in diftilled water.

Caufiic ammoniac poured into fuch a folution, or, what

is dill better, ammoniac gas caufed to pafs through it,

produces no precipitate.

Carbonate of potafli and calcareous fulphate mutual-

ly decompofe each other. When thefe fubdances are

mixed, a double decompofition and combination take

place. The fulphuric acid forfakes the lime, in order

to form fulphate of potafli by uniting with the fixed

alkali
;
and the carbonic acid being feparated from the

potafli combines with the lime to form calcareous car-

bonate, which is well known tinder the name of

chalk.

Carbonate of foda likewife decompofes calcareous

fulphate, and is decompofed in its turn. Sulphate of

foda is formed on this occafion by the combination of

the fulphuric acid with mineral alkali
; and calcare-

ous carbonate or chalk by the combination of lime with

the carbonic acid.

Ammoniacal carbonate decompofes calcareous ful-

phate by a double affinity. The fulphuric acid tends

H h 3 to
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to unite with the ammoniac; while the lime is attract-

ed by the carbonic acid, with which it has a great af-

finity, and by combining with it forms a precipitate of

chalk.

This decompofition is very difcernible
; and Dr

Black’s difcQveries have given a very fatisfaclory ex-

planation of the qaufe by which it is produced. And
if a mixture of the folution of calcareous fulphate and

.cauliic ammoniac be for fome time expofed to the air,

though it were at firfi perfectly tranlparent, its furface

foon appears clouded, in confequence of the carbonic-

acid being precipitated from the atmofphere, and gi-

ving rife to a double affinity. The fame phasnomenon

may be produced by canfing a few bubbles of this ga-

zeous acid to pals into the liquid. As concrete vola-

tile alkali, or ammoniacal carbonate, was formerly

thought to be pure volatile alkali,—Geoffroy, believing

that this alkali actually gave a precipitate from calcare-

ous fulphate, concluded it to have a greater affinity

than lime with the fulphuric acid.

Many combufcible matters, with the help of heat,

decompofe calcareous fulphate. Coal from vegetable

iubftances, having a greater affinity than fulphur with

the oxigenous principle, robs the fulphuric acid of that

part of its compofition. The carbonic acid is difen-

gaged on this occafion
;
and the fulphur feparated from

the fulphuric acid uniting with the lime, forms what

is called calcareous hepar or liver of lime, to wdiich we
will, in future, give the name offulphure of lime.

The varieties of cryitallized calcareous fulphate are

carefully preferved in natural hiftory collections. When
calcined and wrought in water, it is ufed in calling

ftatues, &c. Various handfome pieces of ornamental

furniture are formed of gypfeous alabalter, cut and

polilhed.
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poli fired. Lagny affords fine blocks for that pur-

pofe.

Piafter-ftone is one of the mod ufeful matters in na-

ture. It is a mixture of calcareous fulphate and cal-

careous carbonate or chalk. When expofed to the ac-

tion of fire, the calcareous fulphate lofes the water of

its cryftallization and the chalk its acid. Burnt pla-

fter is therefore a mixture of quicklime and calcareous

fulphate without water. If water be poured on this

fubftance, the lime eagerly abforbs it, giving out heat.

The fetid odour which is felt when burning plafler is

1 extinguifhed, is occafioned by the fulphur produced

by the decompofition of the fulphuric acid by the ani-

mal or vegetable carbonaceous matters which are al-

ways found to exifl in plafter-ftone. The fulphur then

feparated forms a kind offulphure, or liver of fulphur,

from which the difagreeable fmell proceeds. When
the lime has abforbed enough of water to make it pafte,

ft includes a portion of calcareous fulphate, which, at-

tracting part of the water, cryftallizes in the midft of

the pafte. The lime becoming gradually dry, acquires

a folid coniiftency, with the help of the cryftals of cal-

careous fulphate, and forms a kind of mortar which is

called plafler. From what has been here faid, it may
he underftood why plafler mult be burnt to a certain

degree and no farther. When not fufficiently burnt,

it does not unite with the water, becaufe the lime is

not quick enough : when too much burnt, the lime

unites with the calcareous fulphate to form an indiffer-

ent fpecies of vitreous frit which cannot combine with

the water ;
this is called burnt plafler. It may be

likewife underftood, that the reafon why plafler lofes

its qualities when expofed to the air, is the gradual

Baking of the lime. When calcined anew, it regains

II h 4 its
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its original properties. Laftly, it is eafy to fee why
plafter is preferved unchanged in dry hot places, and
why in damp fituations it waftes gradually away iu

fcales or plates. In the laft of thefe cafes, calcareous

fulphate, which is foluble in water, gradually lofes its

conliftency and cryftalline form. It is this folubility

that diftinguifhes plafter from mortar, the fandy bafe

ot which is proof againft the attacks of water. Plafter

is on this account unfit for ufe in places containing

water, fuch as refervoirs, and other works of a fimilar

kind
;
nor does it retain its hardnefs in low or fubter-

raneous places.

Species II. Calcareous Nitrate.

Calcareous nitrate, or the fait refulting from the com-
bination of the nitric acid with lime, is far from being

fo copious in nature as calcareous fulphate or felenite.

It is found only in fuch places as afford alkaline nitre.

It is formed on the fides of walls, in places inhabited

by animals
;

it is found likewife in putrefying animal

matters, and in fome mineral waters. But as it dif-

folyes very readily, and even deliquiates, it is diffolved

as faft as formed
;
and from this circumftance, it exifts

in large quantities in mother-water of faltpetre.

When regularly cryftallized by a procefs which we
are hereafter to defcribe, it exhibits folid prifms of fix

faces, pretty much like nitrate of potafh, and termina-

te g in dmaedval pyramids. It is but feldorn obtained

m io regular a fhape, but ufually in fmall needles, ad-

hering together, and of an indeterminate form.

The tafte of this fait is bitter and difagreeable, very

different
£• * .

• !

a



Salts. 489

different from that of calcareous fulphate. It even

taftes fomewhat frefh, like nitrate of potafli.

It eaiily liquefies in the fire, and becomes folid by
cooling. If taken into a dark place, after being thus

heated, it becomes luminous
;

and in this date it is

called Baldwin’s phofphorus, Balduinus. It exhibits

the fame phenomenon when put on a red iron. When
thrown on burning coals, it liquefies and detonizes

flowly, in proportion as it becomes dry. Calcareous

nitrate, when long heated, lofes its acid, which is de-

compofed by the action of heat. When this operation

is performed in a retort, the extremity of which enters

a bell-glafs fuH of water, a produd of vital air is ob-

tained, and towards the end of the operation azotic

gas. The refidue is lime, in combination with a cer-

tain quantity of nitrous acid, if only a moderate fire

has been employed, and that for a fhort time. But

ftrong quicklime may be obtained by this procefs, if

extreme violence of fire be applied and continued long

enough to effect a total decompofition of the nitrous

acid. This decompofition of the acid is precifely the

fame with that which is effected by the diflillation of

nitre of potafli, asvre have fhown in the hiftory of that

neutral fait.

Calcareous nitrate attrads very rapidly the moifture

of the atmofphere. And it muft therefore be kept in

very clofe veffels when we wifh to preferve it in cry-

ffals ;
it even waftes away very quickly if the mouths

of the veffels be too often unftopped.

This fait diffolves very readily in water. No more

than two parts of that 'fluid, even cold, are requifite

to diffolve one of calcareous nitrate : boiling water dif-

folves a quantity more than equal to itfelf in weight.

To obtain this fait in cryftals, we muft evaporate the

folution 3
and when it acquires nearly the conflftency

of
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of fyrup fet it afide in a cool place : it then forms ve-

ry long prifmatic cryftals, which are ufually bundled

together in needles diverging from a common centre.

When a folution of calcareous nitrate, not juft fo

much evaporated as the laft, is expofed to a dry warm

temperature, it at length forms more regular prifrns,

like thofe which were defcribed at the beginning of

this article.

Sand and clay decompofe calcareous nitrate, and fe-

parate the acid.

Barytes, according -to Bergman, decompofes this

fait, as well as calcareous fulphate : magnefia produ-

ces no fenlibie alteration on it. M. de Morveau has

obferved, that lime-water poured on a folution of cal-

careous nitrate produces a precipitate. He afcribes

this effecft to the phlogifton of quicklime, which, in his

opinion, has a greater affinity with the nitrous acid

than with lime. Unluckily that chemift did not exa-

mine the nature of the precipitate, otherwife he muft

certainly have obtained fome farther knowledge con-

cerning the phsenomena of this curious expeiimento

M. Baume had before obferved, that lime water

precipitates a folution of calcareous fpar in nitrous

•acid, but afcribed that phaenomenon to a fmall portion

of argillaceous earth contained in the fpar. This et-

feft muft depend either on a little magnetia, or on the

avidity with which calcareous nitre ablorbs the jvater

from the lime.

The fixed alkalis attrad the nitric acid from calca-

reous nitre, and by that means precipitate the lime.

Pure ammoniac does not decompofe this fait any more

than fulphate of lime and the other calcareous ialts in

general.

The fulphuric difengages the nitric acid from this

fait
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fait with efiervefcence. The acid thus difengaged

may be obtained in a receiver in the fame way as

common nitre. The fulphuric acid, when poured in-

to a folution of calcareous nitrate, gives immediately

a precipitate of fulphate of lime, leaving the nitric acid

free and feparate in the liquor. We are as yet igno-

rant in what manner the other acids a£t upon this

fait.

Calcareous nitrate decompofes fulphuric alkaline

neutral falts. The refult of this decompofition is ful-

phate of iirne and nitre of potafh or foda. Ammonia-
cal fulphate, too, when mixed with a folution of cal-

careous nitrate, gives ammoniacal nitrate and fulphate

of lime. The laft of thefe falts being fcarce foluble, is

precipitated at the inftant of the mixture
;
which efta-

bliffies the certainty of this double decompofition be-

yond a doubt.

Carbonate of potafh likewife difiolves, and is in its

turn diflblved by, calcareous nitrate. This double de-

compofition gives nitrate of potafh, w'hich remains dif-

folved in the liquor ; and chalk or calcareous carbo-

nate, which is precipitated.

Carbonate of foda a£ts in the fame manner on cal-

careous nitrate, giving nitrate of foda, wThich remains

diffolved in the water,—and calcareous carbonate or

chalk, which is precipitated.

Ammoniacal carbonate likewife decompofes this fait

by double affinity. Ammoniacal nitrate and carbonate

of lime are formed on this occafion.

Sulphate of lime produces no alteration on calcare-

ous nitrate ; but when thefe two falts are found dif-

folved in the fame water, as the firfl is fcarce foluble,

and the fecond difiolves very readily, they may be fe-

parated. by cry fial fixation. The fulphate of lime is

precipitated
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precipitated at the firft, and the calcareous nitrate does

not cryftallize till the liquor be greatly condenfed by

cooling.

Calcareous nitrate is applied to no ufe. It might be

ufed in medicine as a very active difcuflive ; and

fome medicai chemifts relate their having ufed it with

fuccefs, though they were not much acquainted with

its properties.

Species III. Calcareous Muriate.

Calcareous muriate, the fait formed by the com-

bination of the muriatic acid with lime, which was

formerly known by the improper name offixedfal am-

moniac, oil of lime, &c. abounds wherever muriate of

foda is found, more efpecially in fea-water, to which

it communicates its acrid bitter tafte
;
which was for-

merly afcribed to bitumen, fuppofed to be contained

in the water. But it is never pure in that fluid, be-

ing always mixed with muriate of magnefia. In order

to procure calcareous muriate very pure, we mull

make a direct combination of the muriatic acid with

lime to the point of faturation.

This fait, when dry and folid, appears in prifms

with four ftriated faces, terminating in very fharp-

pointed pyramids. It has a fait and very difagreeable

bitter tafte. When expofed to the adtion of a mode-

rate fire, it liquefies by means of the water of its cry-

ftals, and becomes fixed by cooling. When expofed

to a ftronger fire, it fuflfers fcarce any alteration. M.

Baume has obferved, that on this occafion it does not

iofe its acid. When put on a red fliovel, it becomes

4 luminous

;
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luminous ; on which account it is called Homberg’s

pbofpborus.

That portion of calcareous muriate which remains

in the retort after the decompofition of ammoniacal
muriate by lime, is called fixedfal ammoniac. It melts

into a kind of frit, of a light Hate grey, without giving

out any muriatic acid, even though expofed to a de-

gree of heat fufficient to vitrify the furface of the re-

tort. This frit gives fire with fteel ; and when rubbed
in the dark with a piece of the fame metal, gives out

phofphoric fparks.

It is to be oblerved, that this faline refidue iifually

contains more lime than what is requifite for the fa-

turation of the muriatic acid
;
becaufe more than the

necelfary quantity of lime is employed to decompofe

ammoniacal muriate. This refidue, no doubt, owes

its property of affording an hard vitreous frit to its

containing an extraordinary quantity of lime
; for

otherwife the frit would finely at length acquire moi-

fture and fuffer alteration when expofed to the air.

Calcareous muriate, when it contains no extraordinary

portion of lime, never affumes that degree of hardnefs

which diftinguifhes this refidue, nor difplays any phof-

phoric powers.

Pure, calcareous muriate, when expofed to the air,

rapidly attracts moifture, and wafles entirely away by

deliquium. It muft be kept in a well flopped veffel

when we wifh to preferve it in its cryftalline form.

This fait diffolves very readily in water,—about a

part and an half of the fluid being fufficient to diflolve

one part of calcareous muriate. Warm water diffolves

a portion more than equal to itfelf in weight. If this-

folution be evaporated till it acquire the confiftency

of fyrup, and then left to cool flowly, it cryflallizes in-

to
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to tetrahedral prifms, feveral inches in length, and

placed in the diipofition of radii, diverging from a

common centre. We may obferve, that this is almolt

invariably the form of all calcareous falts. When the

liquor is too much evaporated, or too haftily cooled^

it becomes a lhapelels mafs let with fharp points on

, the furface.
•

i

A folution of calcareous muriate evaporated, to 45
degrees of M. Baume’s areometer, and then expo-

fed to cold in a bottle, depolites very regular, and of-

ten very large, prifmatic cryftals. Sometimes when

this folution is fhaken before being cryftallized, it is

luddenly formed into a very folid mafs
;

at which in-

ftant it gives out a great deal of heat;

Barytes, according to Bergman’s experiments, ha-

ving a greater affinity than lime with the muriatic acid,;

decompofes calcareous muriate. Lime and magnefia

produce no alteration on this fait.

The fixed alkalis precipitate the lime. If the two

liquors be concentrated, the lime, abforbing the final!

portion of water which they contain, forms almolt in-

Itantaneoully a jelly which foon becomes quite folid.

This experiment is called a chemical miracle ; becaufe

it exhibits two fluids palling fuddenly into a folid Hate.

But it does not fucceed well except with a folution of

carbonate of potaffi and foda
;

for the pure cauftic al-

kalis precipitate the lime in too divided a Hate.

Cauftic ammoniac does not decompofe calcareous

muriate
;

for it has not fo great an affinity as lime with

the muriatic acid : a fadl which proves that ammonia-

cal muriate may be completely decompofed by this la-

lino-terreous fubftance.

The fulphuric and the nitric acids difengage the

muriatic acid from this fait with effervefcence y and:

with;1
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with a diftillatory apparatus, the acid might be ob-

tained from this fait in the fame manner as from mu-
riate of foda. The diftillation of this earthy fait with

the nitric acid gives the nitro-muriatic acid, or aqua

regia, becaufe of the volatility of the two acids.

Calcareous muriate decompofes fulphate of potafli

and foda. The reader may obtain the fulled convic-

tion of the truth of this fact by mixing folutions of

thefe falts. A precipitate is immediately produ-

ced, which may be diftinguilhed to be fulphate of

lime. The incumbent liquor contains muriate of foda

or potafli, which may be obtained by evaporation ;

nay, even the tafte of the liquid is a proof of its exifl-

ence.

Carbonate of potafli or foda likewife decompofes

calcareous muriate. Two decompofitions and two

combinations take place on fuch occafions. The mu-
riatic acid contained in the latter fait, deferting its

bafe, combines with the potafli or foda to form muri-

ate of potafh or foda, which remains diflolved in the

liquor ;
and the carbonic acid likewife forfaking the

fixed alkalis and combining with the lime, forms a pre-

cipitate of chalk or calcareous carbonate. If carbonate

of potafli or of foda be diflolved in a very fmall quan-

tity of water, and the folution of calcareous muriate

be at the fame time concentrated, the mixture becomes

thick and gelatinous. It then aflumes greater confift-

ency, and hardens into a kind of factitious flone, if the

two fubftances be juftly proportioned in the compofi-

tion. The firlt chemifts who obferved this phenome-

non called it a chemical miracle.

Ammoniacal carbonate decompofes calcareous mu-?

riate by a double affinity, in the fame manner as cal-

careous fulphate and nitrate. The ammoniac com-

4 bines
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bines with the muriatic acid, forming ammoniacal mu-

riate, which remains diffolved in the liquor
; while

the carbonic acid combining with the lime, forms cal-

careous carbonate, which is precipitated.

If calcareous muriate and calcareous nitrate be dif-

folved together in water, it becomes very difficult to

feparate them, becaufe they are both cryftallized by

the fame laws. But calcareous muriate and fulphate

may be eaffiy obtained feparate
;

for the laft cryftal-

lizing only by evaporation, leaves the calcareous mu-

riate pure, and it then cryftallizes by cooling. This

obfervation is of fome importance
;

for thefe two falts

are often found in folution in the fame mineral wa-

ter.

Calcareous muriate has not yet been applied to ma-

ny purpofes. It exifts in a large proportion in the ga-

bel fait, recommended in fcrophulous cafes as a pur-

ging difcuffive
;
and I have already obferved that ga-

bel fait is indebted to it for part of its properties. I

likevvife obferved that the ftrong tafte of calcareous

muriate, and its tendency to folution, give us reafon

to expedt very happy effedts from it in all diftempers

in which an alteration of the humours is requifite. It

is greatly to be wifhed that phylicians were acquainted

with its properties, and would prefcribe it in many of

thofe cafes in which the ufual difcuffives are found not

to adt with fufficient efficacy, efpecially in inftances

when mercurial preparations cannot be fafely admini-

ftered. 1 have already given the refult of all my ex-

perience concerning the nature of this difcuffive fait

in a memoir inferted among thofe of the Royal Society

of Medicine for the years 1782 and 1783.

Species
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Species IV. Calcareous Borate.

This name may be given to the combination of the

fedative or boracic acid with lime. This fait has ne-

ver been examined, though it be certain that the bo-

racic acid is capable of combining with lime, as lime

decompofes borax of foda. The chemifts of the aca-

demy of Dijon have obferved, that the concrete bora-

cic acid, when treated in fire, with flaked lime, af-

fords a matter whofe parts adhere very feebly together,

and take no hold on the crucible. If this matter be

caft into water, it difplays none of the chara&eriftics

of lime
; and this proves that a combination mull ac-

tually have taken place. M. Baume mentions his ha-

ving faturated lime-water with fedative fait : the li-

quor when evaporated in the air afforded no cryftals,

but yellowifh pellicles, having a faint tafte of the bora-

cic acid. Laftly, the academicians of Dijon digefted

on a fand-bath a faturated folution of this acid with

flaked lime. This folution, when filtered, gave a co-

pious white precipitate on the addition of fixed alkali.

Thefe feveral experiments fhow nothing more than the

poffibility of diffolving lime by the boracic acid, and

give us no information concerning the properties of

the neutral fait which refults from the combination

then effected.

/

Species V. Fluor Spar, or Calcareous Fluate.

This fait is a combination of the fluoric acid with

lime. It abounds through nature. It is found more
Vol. I. I i efpecially
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efpecially in tlie neighbourhood of mines, the exigence

of which it always .indicates. Hitherto it has been

confidered as a ftone, on account of its infipidity, hard*

nefs, and infolubility. It is called'/par, as being of a

fpathole form and fradure
; fluor or fujible, becaufe it

melts. very readily, and is even employed advantage-

oufly as a flux in the working of mineral ores
;

vitre-

ous, becaufe it has the appearance of glafs, and may

even be formed by fufion into a very fine fpecies of

glafs
;

cubic, becaufe it appears always under a cubic

form
;
and phofpheric, becaufe when heated and taken

into a dark place it has a luminous appearance. Be-

fore Scheele’s difcovery of it, vitreous fpar, though

fufficienrly dillinguiflied by the miners from all other

mineral matters, in confeqnence of its fufibility, had

been always confounded by naturalifts with gypfeous

fubftances, calcareous and ponderous lpars, which have

’ been alfo called fujible. The celebrated Margraaf,

however, had eftablilhed a diftindion between this

fait and ponderous fpar
;

appropriating to the former

the name of vitreous fujible fpar, and calling the latter

phofpboric fujible fpar

;

and our acknowledgments are

due to that chemiil for the firft difcoveries of the pro-

perties of calcareous fluate.

This fait appears ufually under the form of very re-

gular cubic cryftals, of various colours, and of an icy

and vitreous tranfparertcy. Its fradure is fpathofe,

and exhibits cubical plates feemingly cracked at the

furface. It breaks when ftruck againft fteel : it is al-

ways found in mineral ores, to which it often ferves as

a bed or matrix. Sometimes it is opaque, and in ir-

regular m afles. It is weightier than any of the other

faline matters which we have examined. It is fome-

times
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times clouded, veiried, fpotted, and oftener grOen, red,

rofe, or violet coloured, &-c.

We may take notice of ten leading varieties of this

fait as it is found in nature.

Varieties.

1. Cubic calcareous fiuate, or vitreous fpar, white

and tranfparent.

2. Cubic calcareous fiuate, or vitreous fpar, white

and opaque.

3. Cubic calcareous fiuate, or vitreous fpar, yellow*,

falfe topaz.

4. Cubic calcareous fiuate, or vitreous fpar, red-

difli
;

falfe ruby.

5. Cubic calcareous fiuate, or vitreous fpar, pale

green ;
falfe aqua marine.

6. Cubic calcareous fiuate, or vitreous fpar, green j

falfe emerald.

7. Cubic calcareous fiuate, or vitreous fpar, violet 5

falfe amethyfl.

8. Odohaedral calcareous fiuate, or vitreous fpar,

with truncated pyramids.

I have in my pofieffion a cryfial of this kind,

which is femi-tranfparent and fomewhat

blackifh.

9. Calcareous fiuate, or vitreous fpar, in an irregu-

lar lamellated mafs.

It is almoft always of a clear green or violet

colour. It forms the gangue of feveral ores,

and is fometimes in rolls.

10. Calcareous fiuate, or vitreo'us fpar, in layers of

various degrees of thicknefs and of various co-

lours.

Ii 2 Almoft
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Almoft all of thefe varieties of calcareous fluate

are Hill but one faline fub'ftance, namely a combination

of the fluoric acid with lime. They are ufually found,

however, when carefully analyfed, to contain various

extraneous matters, fuch as filiceous earth, clay, and

iron. This is the character of all natural products in

general. England is very rich in calcareous fluate.

When this earthy fait is expo-fed to a moderate fire,

it acquires a pholphoric quality in a pretty eminent de-

gree ;
but if made red hot, it is entirely diverted of

this quality. It at the fame time lofes its green o$

violet colour, and becomes grey and friable. When
fuddenly expofed to a ftrong heat, it decrepitates al-

moft in as lively a manner as muriate of foda. When
powdered fluate of lime is thrown on an hot iron, it

gives a bluirti or violet light, which in an inftant dif-

ap pears. If expofed a fecond time to heat, it no long-

er exhibits the fame phenomenon.

A rtrong heat melts this fait into a tranfparent uni-

form glafs, which adheres to the crucibles. It melts

one fourth of its weight of fine quartz, and is there-

fore ufed as a flux in fmelting.

Calcareous fluate is neither alterable by air nor fo-

Juble in water. It ferves as a flux for earthy and fa-

lino-terreous matters. Pure fixed alkali, whether mi-

neral or vegetable, does not decompofe it
;
becaufe, ac-

cording to Bergman, lime has a greater affinity than

either of thefe falts with its acid.

The concentrated fulphuric acid difengages the fluoric

acid from this fait, and is commonly employed for that

purpofe. One part of calcareous fluate in powder, toge-

ther with three parts of fulphuric acid, are put into a glafs

retort. This mixture becomes gradually hot, an effervef-

cence is produced, and the fluoric acid is difengaged in

a
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a vaporous form. This dillillation is effected without

the application of external heat ; and a white fubltance,

refembling an efflorefcence, is fublimed and depofited.

in the receiver by the acid gas. Heat being then ap-

plied, .the fluoric acid is obtained in a concentrated

ltatev covered with a thick earthy pellicle, refembling

the white efflorefcence above mentioned, when it drops

into water in the receiver. This acid may be ob-

tained in a gazeous form by inferring the extremity

of the retort into a bell- glafs filled with mercury. This

aeriform acid is tranfparent, and never fullers the earth

combined with it to be precipitated but when it comes

into contact with water. From this we underltand

why the liquid fluoric acid depolites ftony incruftations

in the bottom of the receiver : for whenever it is com-

bined with water it becomes incapable of maintaining

them in folution. We have already taken notice that

this earth, being of a filiceous nature, feems to have

originally belonged to the glafs velfels which have been

corroded by the fluoric acid, and is not produced by
the combination of the acid with water, as Scheele at

frit imagined. At the end of the dillillation, the re-

fidue is obferved to be hard, of a white or reddifli co-

lour, and diipofed in plates, while the retort is corroded

in a very difcejnible manner. jThis did not efcape

Margraaf’s obfervation : and by examining the relidue,

we find it to confift of calcareous fulphate mixed with

filiceous, or often even with aluminous earth, and a

little magnefia. The two lalt of tbefe fubflances, as

well as iron, appear to exill only accidentally in cal-

careous fluate. The incruftation depolited by the

fluoric acid is of a iiliccous nature
;

for it is neither

fufible nor foluble in acids, and the fixed alkalis melt

it into a white durable glafs. it appears from the hi-

I i 3 ilory
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ftory of this experiment, that it is impoffibie to diftii

a great quantity of this acid. I have feveral times

tried it with a pound of calcareous fluate, with a view

to obtain a good quantity of the fluoric acid ; but find-

ing the retort always incapable of refilling fo corrofive

an agent, I was at length obliged to give up the hope

of diltilling fo large a quantity.

The nitric acid decompofes calcareous fluate
;
but,

.according to M. Boullanger, the phaenomena which

appear on the occafion are very different from thofe

which we have juft been defcribing. No incruftation

is formed, as when the fulphuric acid is employed to

decompofe this fait. But the circumftances of this

operation have not yet been examined with fufficient

attention.

According to Scheele, the muriatic acid likewife fe-

parates the fluoric
;
but he gives no particular account

of the phaenomena attending this decompofition.

We are as yet ignorant of the manner in which molt

of the neutral falts a6t on calcareous fluate. We kno\y

only that carbonate of potafti or foda decompofes it by

a double affinity, whereas the cauftic fixed alkalis ne-

ver decompofe it. When one part of this fait is melt-

ed with four parts of carbonate of potafh, if the mix-

ture be thrown, when melted, into water, it gives q

precipitate of carbonate of lime, which is formed by

the union of the carbonic acid with the lime of the cal-

careous fluate
;
and the liquor contains fluate of pot-

afh, which may be obtained by evaporation in a gela-

tinous form. When carbonate of foda is employed,

the products are carbonate of lime and fluate of foda ;

and the laft is obtained in cryftals by evaporating the

liquor.

.Calcareous fluate is not employed for any other pur-
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pofe but in fine] ting mineral ores
;
and it is an excel-

lent flux. It might be ufed for the fame purpofe in

allaying metals.

Species VI. Carbonate of Lime or Chalk j Calcareous

matters in general.

Calcareous fpar, marble, chalk, and all calcareous

matters in general, are faiine fubflances formed by the

combination of the carbonic acid with lime: the proper

denomination to be given them is therefore carbonate

of lime, or calcareous carbonate. This fubftance has

been ranked by naturalifts among Hones
;
becaufe they

have not diftinguifhed it to poflefs any faiine proper-

ties. We lhall fee, however, that it has a kind of fa-

pidity, is foluble in water, admits of decompolition,

and affords when analyfed a great quantity of the car-

bonic acid, and of the falino-terreous fubftance known
by the name of lime. As calcareous fpar is the laft mo-

dification of a matter which exifts under a valt variety

of forms, and has paffed through many different ftates,

before being regularly cryftallized
;

it will therefore be

proper to take a general view of calcareous or creta-

ceous fubftances *.

I i 4 No

* I am of opinion, that all thofe fubftances which are ufually

known in natural hiftory by the name of calcareous , might, with more

propriety, be denominated cretaceous fubftances. The latter term in-

dicates the neutral faiine combination formed by lime and the carboniq

acid, namely, chalk, creta ; the former belongs properly to lime calx,

which is the bafe of that fait. The exprefiion calcareous earth, os mat-

ter, fhould be appropriated to quicklime
; chalky, or cretaceous mat-

ter

,

Ihould be applied to the combination of quicklime with the acid

,
of
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No department of natural hiftory difplayg a wider
field, or a fuller feries of well eftablilhed fads, than
that of calcareous matters. Long and uniform obferva-

tion, with proper opportunities of obferving the gra-

dual progrefs of nature in forming thefe bodies, has de-

termined that the bottom of the fea is the great labo-

ratory in which the proceffes neceffary for their pro-

duction are conftantly carried on. Among the nume-
rous tribes ol animals inhabiting that immenfe body of

water there are feveral dalles, the numberlefs indivi-

duals of which appear to be deftined to increafe the

folid mafs of our globe. Such are fhell-fifhes, madre-

pores, and lithophites
; the-lolid parts of which when

examined by th$ chemilt fome time after the death of

the animal, exhibit all the characteriftics of calcareous

matters. Calcareous mountains are formed by the fuc-

cefiive accumulation of tbofe marine Ikeletons. Tho ?

there be a mighty difference between thefe animated

beings in their natural (late and cryftallized calcareous

fpar
;
though it be difficult to diftingujfh on a firft view

the amazing difference between the i'oft pulpy fubftance

''U the animal and the hard ffony mafs which its car-

cafe afterwards contributes to form, and which is de-

tlined to cement and confolidate our buildings; yet it

is not impoflible to form an idea of the fucceffive alte-

rations which they muff undergo before they can ar-

rive at the Hate of mineral bodies. The following ap-

pear to be the gradations through which this ani-

mated organized matter muff pal's, before it can be-

come

of chalk. But it is not to be expe&ed that thefe two exprefitons

which have always been fynonimou6, fhould be all at once adopt-

ed into our language, and applied to diltindb fubllances, whatever
nught be the advantage arifing from thisufe of them. A.
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come tranfparent, cryftalline, carbonate of lime, or

calcareous fpar.

The waters of the ocean, agitated by laws of mo-

tion, which are dill unknown to us, gradually change

their fituation, and come to occupy a new bed. They
defert one fhore, and encroach upon another. M.
Biiffon, in his theory of the earth, gives full evidence

of this fact. When the waters retire from a part of

the bed which they have occupied, they leave unco-

vered the drata which their various motions (of which

this celebrated philofopher has given fo ingenious an ac-

count) have formed by the fuccellive accumulation of

the folid parts or fkeletons of marine animals. Thefe

layers are almolt entirely compofed of fliells* which lo-

fing by putrefaction the animal gluten, and with it their

colours, the polilli of their interior furface, and more

eipecially their confiltency, become friable and earthy,

and pafs into the (late of fofiils. Hence the producdioq

of earths and Itones containing fhells.

Thefe (tones are worn by the waters till they gra-

dually lofe the organic form, become more and more

friable, and are at length converted into that fubftance

known by the name of chalk. When a fhell-done is fo

hard as to be fufceptible of polilli, and the fhells of

which it confids have retained their organization, fo

far as (till to difplay different colours, it is called a lu

machello. When the marks of organization are totally

deltroyed, if the (tone be hard and fufceptible of po-

lifh, it is known by the name of marble. Water im-

pregnated with chalk, depofites it on all bodies over

which it flows, fo as to form incrujlatlons. When it

filtrates through the arches of fubterraneous cavities, it

depofites a wdiite opaque matter formed into conical fi-

gures, confiding of concentric layers
;
which refemble

< the
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the bottoms of lamps, and are called Jlalaclites. When
thefe are accumulated in large maffes, fo as to fill up
the caverns, and remain long under ground, they ac-

quire a confiderable degree of hardnefs, and obtain the

name of alabajler. Laftly, When water impregnated

with chalk, extremely fine and very much attenuated,

penetrates flowly into ftony cavities, and depofites that

fubllance as it were particle by particle
;

thefe minute

bodies gradually unite their correfponding furfaces in a

fymmetrical and regular manner, forming hard tranf-

parent cryftals, refembling thofe of faline matters •

which receive the name of calcareousj'pars . This is the

laft degree of attenuation to which chalk is liable, the

ftate in which it differs mod from its original charac-

ter as part of an animal body, and bears the greateft

refemblance to a real fait.

Thefe tranfitions of cretaceous matters, through fo

many different ftates, the confideration of which opens

to the naturalifi: fuch extenfive views of the antiquity

of this globe, the alterations which it has undergone,

and the range of the animal kingdom, out of which fo

confiderable a part of its furface and exterior flrata is

formed
; thefe difplay to the eyes of the chemift no-

thing more than one matter, a neutral fait, formed by

the combination of lime with the carbonic [acid. We
fhall proceed to confider it under both thefe points of

view.

3
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§ 1. Natural Hi/lory of Calcareous Sub/lances *,

J^Efore entering into a particular detail- of calca-

reous matters, it may be proper to take a general

view oftheir difpofition in the terreftrial globe. Thefe

fubftances are difpofed in layers of a larger or a nar-

rower extent, in an horizontal or an inclined dire&ion,

and impreffed with the molt unequivocal marks of their

having been expofed to the action of a mafs of water.

Thefe ftrata compofe whole mountains and hills, &c.

and form a conliderable part of the cruft or fhell of our

globe. They afford demonftration that our earth was

once covered by the waters of the ocean, as they

confift: of the exuviae of its inhabitants. The waters,

filtrating through thofe calcareous maffes, carry off

part of their fubftance, and convey it deeper into fub-

terraneous cavities, under the different forms which we
are going to examine. The general chara&eriftics

which have been afligned them by naturaiifts, and

which fufhciently diftinguilli them, are taken from two

remarkable properties which they poffefs
;
they never

lcintillate with fteel, and they effervefee with acids. As
thefe calcareous matters appear under fo many varie-

ties of form, it becomes abfolutely neceffary to arrange

them

* Although we have already, in the hiftory of earths and (tones, gi-

ven methodical divifions of calcareous matters, which have been ufual-

ly ranked by naturalilts under that clafs of natural bodies
;
yet we

think it proper to give here a new arrangement of them, founded on o-

ther coniiderations than thofe which have directed naturaiifts in their

Jj^bours on this fubjeft. A>
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them under feveral genera. We admit fix genera of

Calcareous matters *.

V I

Genus I. Earths and Stones
, compofed of Shells.

These fubftances have been ranked among {tones, as

being apparently infipid and infoluble. But when an-

alyzed, they are found to be actually faline, as well as

all the following genera. They are known by their

organic form; {hells are often found in them unbroken:

the (tone is indeed nothing but an accumulation of

thofe organized forms
;
and even the original colours

of the ihells fometime§ appear in it. Sometimes too

they are found to contain animals belonging to fpecies

which are no longer known to exift in the feas
; fuch

are feveral fpecimens of the comu-a?/nnonis, and all the

nautili. Again, in Europe, and even in France, we
find folfil Ihells belonging to fpecies of animals which

are not nowT known to exiit any where but in America.

Several naturaliils have formed very extenfive arrange-

ments of foflil fhells
;
but as they are the fame with

thofe of the living animals, we will treat of them elfe-

where. There are likewife foffil remains of marine

animal bodies, which cannot be referred to any known
fpecies of the prefent inhabitants of the ocean. Tho’

we have no complete work on animal folfils, and this

department of natural hiftory have not yet been exa-

mined w7ith fo much care and accuracy as minera-

]o87

;

* The reader may perhaps be furprifed to meet with new generic

divifions in the hiftory of a fpecies of fait: but thefe genera rtlate only

to natural hiftory, and are to be referred to the particular neutral fall

which we are examining. A.
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logy; yet we have defcriptions of a great many of

thofe bodies, which fufficiently prove that the feas

have been once inhabited by fpecies of animals which

no longer exift.

When calcareous fofill bodies appear to have belong-

ed to animals of a known fpecies, they are then diftin-

guilhed by a name referring to their origin, and u-

fually compounded of the name of the clafs of the ani-

mals to which they belong, with the addition of a word
or fyllable denoting their date as ftones

;
fuch as ma-

dreporites, &-c. But it is to be obferved that human
bones, and the bones of quadrupeds, birds, and filhes,

which have been buried under ground, though they

be likewife known by the name of foJJUs, are not of a

cretaceous nature ; they retain their character of cal-

careous phofphate. And therefore ornitholithes, ich-

thyolithes, &c. are not to be ranked among cretaceous

fubftances.

In defcr-ibing organic fubftances, the origin of which

is unknown, names have been afligned them, derived

from their particular forms: of this kind arc the lapides

judaici
,
thought by fome to be the fpeculae of fea-

hedge hogs ;
the lapides numifmales,

or St Peter's

pence
,
refembling pieces of money, which appear to be

fmall cornua Ammonis, arranged one over another:

fojjil bezoar, a kind of round mafs or concretion in con-

centric layers ;
Indus Hchnontii, the fpaces of which

appear to have been formed by the drying and ftirink-

ling of a foft earthy matter, and afterwards filled with

calcareous earth
;
the trocbites

,
entrocbi, and aJlroitesy

which are produced from a zoophyte namedfsa-palm ;

and tbe pifolites, oolites
,
or meconites

,
which are thought

to be petrified eggs of fillies or infe&s, but of which the

true origin is unknown.

To
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To this genus of true calcareous ftoneS, we likewise

refer all petrified fubftances, to whatever animals they

may have belonged
;
and natural hiftory therefore enu-

merates here gavnnarolites,
cancrites

,
entomolites, timphi-

biolites, zoo litei, and anthropolites. But from the new

difcoveries concerning the nature of bones it appears,

as we have already mentioned, that thefe matters are

not to be conlidered as cretaceous. The fame may be

faid of glojfiopetrce

,

or petrified /bark's teeth ; ivory
,
or

fojfil unicorn^ which is produced from elephants teeth
;

turquoife
,

or bones of green and blue colours; toad- .

Jloties,
the grey or yellowifh hollow (tones:, which, ac-

cording to M. Juffieu, are the upper parts of the grind-

ers of the Braiilian fifli called grondeur

;

and ferpent's

eyes
,
which according to that naturalift belong to the

incilive teeth of the fame filh.

After this detail of particulars, we may venture

to reduce this genus to two fpecies, comprehending all

its varieties.

Species.

1. Entire folfil (hells.

Thefe differ in colour, luftre, hardnefs, &c„-

Under this fpecies we include madrepores, and

all calcareous habitations of polypi in the foffil

Hate.

2 . Falun, or cron.

Shells broken and reduced to earth. The foil of a

part of Tourraine, and of feveral of the other provin-

ces of France, is entirely of this nature. Thefe earth*

are an excellent manure.

Genus
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Genus II. Calcareous Earths and Stones

.

These confift of the matters of the former genus, at-

tenuated, difTolved, and afterwards depofited by wa-

ter. They are found in banks or drata in the bowels

of the earth. We follow M. Daubenton’s divilion of

the fpecies of this genus.

Species.

1. Compact calcareous earth ;
chalk.

This fubdance varies in colour and finenefs

of grain ; it is applied to a great many domedic

ules.

2. Spongy calcareous earth; done marrow.

3. Calcareous earth in powder
;

fodil meal.

4. Calcareous earth of the confidence of cream; lac

lunae.

5. Soft calcareous earth
;

tufa. This fubdance, as

it dries, becomes hard and white.

6. Coarfe-grained calcareous done. Arcueil done

is a fpecimen of this. It is found to contain

half-broken (hells.

7. Fine grained calcareous done. The thunder-

done is a variety of this ipecies.

It would be improper to enter here into a minute de-

tail of the varieties of thefe earths and dones : but it

may be naturally imagined that there are a great many

depending upon difference of colours and hardnefs, and

the various purpofes to which they are applied
; and

that thofe varieties are didinguifiied by different names.

Almod all of them may be prepared as lime for the

purpofes of building, &c, &c.

Genus
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' Genus III. Marble.

Marbles differ from calcareous ftones properly Id

called, as being conftderably harder. Like thofe, how-

ever, they do not fcintillate with fteel : they effervefce

with acids, and their fra&ure.is granulated ; but their

grain is much finer and clofer *. their colours are more

brilliant, and they take a finer polifli. All the world

knows the application of marble, in fculpture, archi-

tecture, 13c. It. is ufed too in fome countries for ma-

king lime.

Species.

j. Lumachello.

The Italians give this name to a fpecies of

marble formed by the agglutination of fhells.

i. Breccia.

This is a fpecies of marble confiding of

fmall round maftes, united by a cement of the

fame nature.

3. Marble, properly fo called.

This fubftance exhibits neither the fhells of

lumachello nor the round maftes of breccias

;

it is irregularly fpotted, and fometimes round.

M. Daubenton arranges marbles by the num-

ber and the combination of their colours, in-

cluding under the fame denomination both lu-

machellos and breccias.

1. Marble of fix colours; fpecimen, white,

grey, green, yellow, red, and black ;
Wir-

temberg marble. ;

2. Marble of two colours ;
fpecimen, white

and grey
;
marble of Carana.

3. Marble
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3. Marble of three colours
;
fpecimen, grey,

yellow, and black ; lumachello.

4. Marble of four colours • fpecimen, white,

grey, yellow, red ; brocatello of Spain.

5. Marble of five colours
; fpecimen, white,

grey, yellow, red, black
} breccia of Old Ca-

ftile.

4. Figured marble.

It reprefents ruins, as in Florence matble
; or

herbs, as in Heffian marble.

It is to be obferved, that tlm colours of marble de-

pend almoft always on the iron intermixed among its

grains. This fubffance, though fufceptible of a fine

polifli, is very porous ;
every body knows that it is ea-

fily fpotted : and this property renders it fit for recei-

ving delineations of coloured flowers, and for being

ftained with many different colours.

Marble is often mixed with fragments of an hard

ftone, fuch as quartz and filex. ‘ The part which con-

tains fuch fragments gives fire with fteel. I have often

obferved this of feveral kinds of black marble.

Genus IV. Concretions.

CONCkrtioNS are irregularly formed by the flower

or quicker depofition of calcareous matter by water on

the furface of fome body. They are not difpofed in

extenfive layers, but by fragments ; at firft in infulated

mafles, which are at length united in one uniform

Gruff.

Vql. I. Kk Specie?
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Species.

1. Incruftations.

Waters impregnated with chalk depoftte it or

the furfaces of all bodies over which they flow:

and incruftations may therefore be of . all poflible

forms, correfponding to the forms of the bodies

on which they are depofited. Such are thofe

of the waters of Arcueil ;
fuch too is the Ofteo-

colla, &-c.

2. Stalactites.

Thefe are gradually depofited by water in

concentric layers, fufpended from the arches of

caverns, & c. They vary in fize, tranfparency,

or opacity, grain, colour, and form. They are

generally hollow and pyramidal. Flos ferri is

the pureft of all fubftances of this kind. When
they adhere to the fides of fubterraneous cavi-

ties they receive the name of congelations

;

when depofited on the floor, they are called Jla-

lagmites.

3. Alabafter.

Alabafter feems to be formed of the pureft

ftalaCtites, after they have been long buried un-

der ground. It is fofter than marble
; and

when polilhed, its furface appears fat and oily.

It evidently confifts of layers difpofed in various

directions. It is always more or lefs tranfpa-

rent, which diftinguilhes it from marbles
;
but

there are fome fpars which it never equals in

tranfparency. Alabafter poflefles likeyvife all

the charaCteriftics of calcareous ftones. It is cut

into vafes and ftatues. There are many varie-

ties of it.

Varie-



Salts. SJS

Varieties.

1. Oriental alabafter. This is the hardefi and mod
tranfparent.

2. Occidental alabafter
; not fo fine and pure as the

preceding.

3. Alabafter fpotted with various colours.

4. Wavy alabafter. This is called agate alabafter

»

5. Flowered alabafter ; exhibiting fpecimens of

herborization.

Genus V. Calcareous Spar .

Calcareous fpar differs from the four preceding

genera in its form, which is generally more regular,

and in its fra&ure. It is compofed of laminae arran-

ged one above another, which are very difcernible

when it is broken. It crumbles down when ftruck

with fteel.

Species.
»

1. Opaque calcareous fpar.

This is white or varioufly coloured
; and u-

fually appears in rhomboidal laminae.

2. Rhomboidal tranfparent calcareous fpar
j
Iceland

cryftal.

It reprefents objects double.

3. Calcareous fpar in prifms without pyramids.

Thefe are truncated hexahaedral prifms, with

faces either equal or unequal, and having

fometimes their angles cut in fuch a manner

as to make them twelve-fided prifms
;
which

K k 2 cir~
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Varieties.

circumftances give three varieties of this fpe-

cies.

4. Calcareous fpar in prifms, terminating in two
pyramids.

The varieties of this fpar are pretty nume-
rous. Some of them are hexahaedral prifms,

terminating in pyramids, which are alfo hexa-

haedral, and either whole or truncated. Others

difplay at the extremity of the hexahaedral

prifms, trihaedral pyramids, either whole or

truncated, or -with dihaedral fummits. Laftly,

There are fome in quadrangular prifms, termi-

nating in dihaedral fummits. All of thefe va-

rieties exhibit fometimes one fometimes two
pyramids, according to their difpofition.

5. Pyramidal calcareous fpar.

This is formed of one, or by the union of

two pyramids, without any intervening prifm.

The hexahaedral or triangular form of thofe py-

ramids, the inequality of their fides, and the

frequent mutilation of their angles, diltinguifh

them into a great many varieties *.

6. Calcareous fpar in duodecahaedral figures.

This fpar, refembling a kind of granite or

marcafite, appears to confift of two trunca-

ted pentagonal pyramids joined at their bafe.

7* Cal-

* The reader who vvifhes to be more particularly acquainted with

the varieties of fpars, may confult Dr Hill’s work intitled. The Hi-

fiery of Fojfils, containing the Hifiory of Metals arid Gesns, &c. London

1748. Folio, 'with copperplates . M. Rome de Lille gives an extra ft

from this work in the firft edition of his Cryflallography, page 13 1. et

feq.'p. 1 9 1 , ctfeq. concerning calcareous fpar and rock-cryftals. He
ihows Dr Hill’s method to be perplexed and deftftive, &c. A.
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Varieties.

7. Calcareous fpar in ftriae.

This is a colle&ion of long prifms, bundled

up together in figures of no determinate regu-

larity. The Svvedifh lapis Jicillus belong to

this fpecies.

8. Lenticular calcareous fpar.

This fpecies confifts of flat cryftals, difpofed

obliquely, one befide another. M. Rome de

Lille thinks it a variety of hexahcedral prifmatic

fpar, terminating in two obtufe, triangular py-
ramids, placed in oppofite directions. Criftallo-

graphic, p. 123. fujl edition.

§ 1R Chemical Properties of Calcareous Carbonate,

the chemical properties of bodies refer to their

principles or combination, they fiiould be diftin-

guifhed by names expreflive of their nature. The va-

rious calcareous matters which we have enumerated,

are therefore to be confounded when we fpeak of them

chemically under the general name of Calcareous Car-

bonate. Experiments for determining the proper-

ties of this earthy fait fiiould be made either on

the molt tranfparent calcareous fpar, or on pure white

marble.

In order to analyze calcareous carbonate, we mult

firft deftroy its aggregation by reducing it to powder.

K- k 3 In
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In this form it is white and opaque. It has no

very fenfible tafte ; but when kept for fome tiroe in

the mouth, it contract s the fibres of the palate and the

tongue.

When this earthy fait is expofed to the adtion of fire,

it lofes its acid and the water of its cryftals. If fud-

denly expofed to a firong heat, it decrepitates and lo-

fes its tfanfparency. By diftilling it in a retort we ob-

tain water and a confiderable quantity of carbonic a-

cid gas : but a firong heat is requifite to difengage the

gas. After undergoing this operation, the calcareous

matter is reduced to the ftate of quicklime ; the fait

may be formed again by combining the quicklime with

the acid. Chalk, which differs from calcareous fpar

in no refpedt but in being lefs cohefive and opaque, has

been diffilled by M. Jacquin. The Duke de Roche-

foucauld having repeated this experiment with much
care, has obferved that part of the aeriform carbonic a-

cid efcapes through the fione retorts ufed in diftilling

this fubftance. Dr Prieftley has fully eftablifiied this

fadt by a number of very accurate experiments. An
iron retort, or the barrel of a gun, may be ufed on this

occafton
;
but a little inflammable gas or hydrogene is

always obtained at the fame time, and is produced by

the action of the water in the chalk on the iron.

When calcareous carbonate is expofed to a firong

fire in clay crucibles, it melts into glafs round the

fides of the veftel. M. d’Arcet has melted pieces of

feveral fpecies into a fpotted tranfparent glafs. But as

Macquer has obferved that this earthy fait does not

melt in the focus of M. de Trudain’s lens, the fufion

effected by M. d’Arcet was owing, doubtlefs, to the

clay of the crucibles.
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Calcareous carbonate fuffers no alteration from pure

air : but the rays of the fun acting upon it in a hu-

mid atmofphere, deftroy its tranfparency and the co-

heiion of its laminae. Its furface aifumes the colours

of the rainbow, becomes dark, and gradually deli-

quiates.

It does not appear to be foluble in water. Chalk,

though not more foluble in this fluid than calcareous

carbonate, is however maintained in folution by ftreams

of water running over beds of cretaceous matter. In

fome inftances water contains a conliderable quantity

of it. Of this kind are the waters of Arcueil near Pa-

ris
;
which contain fo much chalk, that in a few

months they depofite incruftations on bodies immerfed

in the canals through which they run. The bath wa-
ters of St Philip in Italy are fo flrongly impregnated

with this fubftance, as to depofite layers of it half an

inch thick in the fpace of a few days. Tablets and fi-

gures of this matter are obtained from the’fe waters, by
immerfing into them hollow moulds, in which the cre-

taceous matter is accumulated.

Calcareous carbonate contributes to the vitrification

of feveral earthy and ftony fubftances : when mixed
with filiceous earth in the proportion of two-thirds or

three-fourths, it caufes it to melt.

This fait, when mixed by nature with an argillaceous

earth, compofes a mixed earthy matter, to which na-

turalifts and farmers give the name of marl. That
fubftance of which there are very many varieties, dif-

fering from each other in colour, denfity, &.c. melts,

when expofed to a ftrong fire, into a greenifh yellow

glafs. It is ufed with great fuccefs to foften and ferti-

lize earths.

Barytes and magnefia have no adion on calcareous

K k 4 car-
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carbonate in the humid way : the carbonic acid has u,

ftronger affinity with lime than with either of thofe

two fubftances. But when calcareous carbonate is ex-

pofed to fire with thefe alkaline earths, it enters into a

vitreous combination with them. M. Achard has made
many experiments on all of thofe vitreous mixtures

;

of which a particular account is given in the Journal
de Phyjique.

The fixed alkalis and ammoniac produce no altera-

tion on calcareous carbonate, becaufe the carbonic acid

has a greater affinity with lime than with any of thofe

falts.

The fulphuric, the nitric, the muriatic, and the flu-

oric acids decompofe this fait by feizing its bafe and
difengaging the carbonic acid. When the fulphuric

acid is poured on calcareous carbonate, it excites ebul-

lition, by difengaging the carbonic acid in a gafeous

form. Naturalifts have very happily affumed this pro-

perty as a general chara&eriftic of calcareous fubftan-

ces. With acids, an accurate analyfis of calcareous

carbonate may be effected. In order to this, let the

lalt be reduced to powder, and a quantity of fulphuric

acid poured upon it. The violent effervefcence which
Strifes at the inllant when the two fubftances are mixed,
ftiows the carbonic acid to be then feparated : and
it may be obtained, and its quantity meafured in a

receiver, with the help of a fyphon and bell-glaffes

filled with mercury. The effervefcence is attend-

ed with cold, occafioned by the volatilization of the
acid. When it ceafes, if the new combination be exa-
mined, it is found to be calcareous fulphate, formed by
the union of the fulphuric acid with the lime, which

the bafe of the former fait. Late experiments have

ftiawnj
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lhown, that feveral of thefe fpars contain a little mag-

nelia, and afford fulphate of magnefia, when diffolved

by the vitriolic acid. The nitric acid commonly made

ufe of by naturalifls, in affaying calcareous Hones, pro-

duces the fame effervefcence with calcareous car-

bonate as the fulphuric acid : it difengages the

carbonic acid, and forms calcareous nitrate with its

bafe.

The muriatic acid likewife feparates the acid from

calcareous carbonate with a violent effervefcence, and

produces muriate of lime by combining with its bafe.

The fluoric acid likewife decompofes this fait, form-

ing calcareous fluate with its bafe.

The boracic acid does not decompofe calcareous car-

bonate cold ;
but caufes it to effervefce when heated by

being mixed with powdered chalk, and diluted with a

fufficient quantity of water.

The carbonic acid renders carbonate of lime, or cal-

careous matters in general, foluble. We have already

feen in the hiftory of that acid, that it caufes lime wa-

ter to give a precipitate ofchalk, but diffolves it again on

the addition ofmore ofthe acid than what is neceffary to

effect the precipitation. Water impregnated with the

carbonic acid, when left Handing above a quantity of

calcareous carbonate in powder, becomes at length

impregnated with a certain quantity of this earthy neu-

tral fait. Various waters acquire alfo chalk by means

of the acid
;

but none of thefe folutions is lading.

When expofed to the air, they affume gradually a tur-

bid appearance
;
and in proportion as the carbonic a-

cid efcapes, the chalk is precipitated. Heat caufes this

effect to take place much more rapidly. And for this

realon, waters which are hard and crude by being

irpT
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impregnated with chalk, may be corrected by boil-

ing.

As it is almoft always owing to the carbonic acid

that water maintains chalk in folution, we may natu-

rally infer that this earthy fait mull be precipitated

when the acid evaporates. Such is the origin of the

incruftations and accumulations of calcareous matter

which are formed in fountains and on the fides of

channels through which water of this character flows;

as may be obferved of the water of Arcueil and the

bath-waters of St Philip in Italy. Before natural hi-

ftory was illuftrated by chemiftry, fprings exhibiting

fuch incruftations were called petrifying fountains
,
and

fuperftition held them to be miraculous.

Calcareous carbonate does not aft in any manner on

neutral falts with a bafe of fixed alkali. It decompo-

fes ammoniacal falts. By this decompofition we obtain

on the one hand a calcareous fait, formed of the acid of

the ammoniacal fait with lime; on the other, ammonia-

cal carbonate produced by the combination of the car-

bonic acid with ammoniac. This operation is per-

formed by diftilling in a ftone retort a mixture of a

pound of fal ammoniac with two pounds of chalk, or

rather calcareous fpar in powder. Both of thefe fub-

ftances muft be very dry. A long necked balloon muft

be fitted to the retort, or, what is ftill better, a done or

glafs cucurbite. Fire is to be gradually applied till the

bottom of the retort be made red-hot
;
and the receiver

muft be cooled with wet clothes, or with cold water

kept running around it during the whole of the ope-

ration. White vapours arife, and are condenfed on the

fides of the receiver into very white pure cryftals.

Thefe are ammoniacal carbonate. This is the procefs

by which it is prepared in London, from which it was

for-
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formerly retailed over all Europe under the name of

Engli/Jj fal volatile. This fait is now prepared in other

countries as well as in England. The refid ue after

this operation is calcareous muriate with an excefs- of

lime, generally in fufion if the lire has been ftrong to-

wards the end of the operation.

Spar and calcareous matters in general are applied to

many purpoles, as we have already obferved when
treating of their natural hiftory

; but one of the molt

important is the preparation by which they are reduced

to lime. The lime-burner decompofes calcareous mat-

ters, driving off their acid by the adfion of fire. Stones

containing fhells, marbles, and raoft calcareous fpars, are

the fubfiances which afford the befl lime : but the (lone

which is generally ufed for the purpofe, more efpecially

in the neighbourhood of Paris, is a kind of hard calca-

reous flone, known by the name of lime-Jlone. Thofe

Hones are built into a kind of oven or turret, forming

an arch. A fire of wood is kindled under the arch,

and kept up till a pure lively flame, without fmoke,

arife about ten feet above the oven, and the Hones

become very white. They are now beginning to ufe

mineral coals and peats in the neighbourhood for burn-

ing lime.

Good lime is hard and fonorous, and becomes very

hot on being brought into contact with water, and

when flaked exhales a thick fmoke. When not fuffi-

ciently calcined, it is not fo fonorous, nor does it be-

come fo foon hot with water, or to fo high a degree. If

too much burnt, it is half vitrified ; it then yields^

when ftruck, too clear a found, and does not unite rea-

dily with water. The lime-burners then call it burnt

lime, We need not here fpeak of the purpofes to which

lime
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lime is applied, as we have taken notice of them in

treating of the pure fubdance.

We may here add, that the calcareous carbonate,

which is found mixed in very fmall fragments with
calcareous fulphate, and exids in mountains, in exten-

live drata, moll commonly regular, and feparated by

clay and marl, as in the vicinity of Paris, is the bed
plader done for building. Though we have already

adverted to this in the article of calcareous fulphate,

it may be not improper to return to it in this place,

and to enter into fuch a detail of particulars as may
fupply what is wanting on this head in all works on

natural hidory and chemidry.

We mud firft recoiled! that pure calcareous fulphate

gives only fine plader by calcination
; which makes

but an incoherent pade with water, and is cad into

datues. It is univerfally known, that this pade when
dry is not tenacious, and is fo brittle that the fmalled

degree of redding force is fufficient to break it. The
reafon is, that when this faline matter regains the wa-

ter which is lod by calcination, it forms an equal ho-

mogeneous mafs. This is by no means the cafe with

plader fit for the purpofes of building. The done

which affords it at Montmartre and other places, is

a kind of breccia, confiding of very fmall granulated

'^crydals of fulphate of lime, with very thin plates of

calcareous carbonate. The prefence of the latter

fubdance may be determined by dropping a little of

the nitric acid on the done : it produces a lively ef-

fervefcence by difengaging the carbonic acid If a

given weight of Montmartre plader done be diffol-

ved in a fufficient quantity of aquafortis, the calca-

reous carbonate is entirely decompofed, when the

lime
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lime unites with the nitric acid, and what remains

is calcareous fulphate, a fubftance infoluble in that

acid. This experiment (hows, that the proportion of

calcareous carbonate varies in different plafter ftones ;

and that in the belt it conftitutes rather more than a

third part.

This fad: concerning the mixed nature of plafler

ffones being fully eftabliflied, it is eafy to compre-

hend the nature of the phaenomena which building

plafter exhibits when burnt, flaked, and hardening.

When this earthy fait is burnt, the calcareous ful-

phate which it contains lofes the water of its cry-

ftals, and becomes friable'; while the calcareous car-

bonate, at the fame time lofing its acid, becomes a

calx. On this account, plafter which has been pro-

perly burnt is acrid and alkaline, communicates a

green colour to fyrup of violets, acquires heat when

brought into contad with the acids, without effer-

verfcing, and gradually lofes its ftrength when ex-

pofed to the air, in proportion as the quicklime

which it contains is flaked, by attrading water and

carbonic acid from the atmofphere. When wrought

into mortar, it gives out heat, in proportion as it

abforbs water. As to its folidity (which it is well

known to affume very readily), a charaderiftic pro-

perty in which it is dirediy oppofite to pure lime,

the quicklime contained in the mafs foon abforbs as

much water as is requiftte to flake it, and the calca-

reous fulphate intermixed among its particles, like-

wife attrading a certain portion, is fuddenly cryftal-

lized, and ads the part of fand or cement, by uniting

and confolidating the lime.

Laftly, This theory explains why plafter retains its

cha-
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chara&eriftic properties, when kept dry, and expo-

fed to heat; but when expofed to moifture, gradually

lofes them and waftes away. Thefe phenomena are

owing to its being compofed of two faline principles,

both foluble in water.

END OF VOLUME FIRST.
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