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PREFACE
BY THE

TRANSLATOR .
No name is more illuftrious in the annals of
Chemiſtry than BERGMAN : -none has contri
buted more than he, to the rapid advancement
which this fcience has made in the prefent cen
tury . Nor has any other philofopher applied
the principles of Lord BACON with greater ſkill
or attention , in the inveſtigation of nature .
Ardent enthufiafm , and patient affiduity in the
purfuits of fcience , candour , modefty , clear
nefs of judgement , and comprehenfion ofmind ,
qualities the union of which conftitutes the true
philofopher , appear to have been happily con
joined in this great man . The number and ,

the accuracy of his experiments , the fimplicity

and ingenuity of his proceffes , the beauty and
plaufibility of his theories , command the admi

ration and reſpect of every intelligent reader of
his works .

His writings are already very generally known
through Europe . They have moſt of them been
tranflated into various languages . An Eng
liſh tranſlation of two volumes of his Effays was ,

fome years fince , publiſhed . They met with
the favourable reception which they deſerved :

anda



ii PREFACE.

and there is reaſon to think that they have been
of great utility ."
The pieces which compofe this volume are
not inferior in value to thofe already before
the Engliſh reader : The Hiftory of Chemif
try is no where traced with greater erudition

and good fenfe , than in the two firſt of theſe
Effays . The Arrangement of Foffils , the Com
bination of certain Metals , the Analyſis of fome
Swediſh mineral Waters , with a few other mat
ters , perhaps of ftill higher importance than any

of theſe , are the fubjects which occupy the reft
of the volume .
Whether confidered as original records of a
number of chemical facts , communicated up

on the very beſt authority , or viewed as models

of philofophical inveſtigation , the reaſonings
and proceffes ofwhichmay be imitated with ad
vantage in either of theſe lights , -the contents
of this volume will be acknowledged to have
been worthy of the tranflator's pains . Their u
tility may perhaps be the greater , becauſe the
propagation of a new theory , formed to pervade

the whole ſcience of Chemistry , renders it of
confequence for the ftudent to examine that

which has fo long prevailed , in all it
s parts , and

to view it in connection with every fact which has
been diſcovered ; in order that he may determine
whether to adhere to the doctrine of STAHL , or

to adopt the opinions o
f

LAVOISIER ,
.

CONTENTS .
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OF THE

ORIGIN
OF

CHEMISTRY.*

In artibus et fcientiis , tanquam in metalli fodinis , omnia novis ope
ribus et ulterioribus progreffibus circumftrepere debent.

BACO DE VERULAMIO .

§ . i. Of the Slow Progrefs of Natural Phi
lofophy.

As th
e

qualities o
f

bodies can never b
e known

by reaſoning a priori , it is not to be wondered ,

that the progreſs o
f

Natural Philofophy unto it
s

preſent height ſhould have been fo flow , when
we confider , that every thing muſt be atten
tively obſerved , compared , and put to the teft

of experiment . The fallibility of our fenfes ,

too , is one great caufe o
fdelay : For , whenever
A fubftances

* This differtation was publicly read at Upfal , in the Guſta
vian Hall , 4th June 1779 .
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1

fubftances below a certain fize are to be exa

mined , they are either feen confuſedly , or va
niſh from the fight ; and things that are in them
felves fufficiently obvious are often reprefented
very obfcurely . The great number and variety

of characters likewife of the productions of na
ture is fo great , that I will venture to ſay , not
only the fagacity of Newton , employed during
the age of Methufalem , had failed in afcertain
ing but flightly the qualities of a fingle object ;
but that the united induſtry ofmany , employ
ed during a long ſeries of ages , had not been
more fuccefsful .

Nature may be compared not improperly to
an immenfe book , written in an unknown lan
guage . In order to underſtand the text of

which, it is neceffary that the letters fhould
be known , fo that by attentively obferving the

refemblance and difparity of bodies , their dif
tinguiſhing characters, and natural qualities ,
may be diſcovered . This conftitutes Natural
Hiftory. Then the fyllables are to be form
ed :-And this allegorical language points out
general properties to be determined by proper
experiments . And , as in fociety , the genius

and fecret difpofition of the mind and affections .
are rendered more confpicuous in fituations of
difficulty and diſtreſs ; fo , in the fame manner ,

the fecrets of nature are more unfolded by the
moleſtations of art than when they are fuffered to
remain undisturbed . From hence Phyfics arife .B

Next ,
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Next, the fenfe and connection is to be gather

ed from the words , as to the proportion and va
rious modifications :-Which conftitutes Chemis
try.
If then we confider thefe three vaft fields of
phenomena and experiment , and the fmall num
ber of thoſe who have attended to their cultiva

tion ; and ifwe contemplate the neceffary fup
ply of felect apparatus , the fingular fagacity re
quifite for inftituting proper trials -and view the
unwearied patience , dexterity , and exquifite at
tention , in carrying on, repeating , and varying
the feveral proceffes ; and finally , the mature

and penetrating judgement required to form a

true refult , we fhall ceafe to wonder at the

flow advances of Natural Philofophy .
Lord Verulam juftly remarks , that the hu
man underſtanding is not a mere faculty of ap
prehenfion , but is affected more or lefs by the

will and the paffions . What man wiſhes to be
true, that he eafily believes to be fo. From
impatience he rejects every difficult enquiry

;
from pride and arrogance , he diſdains the light

of experience , left he ſhould appear to be wholly
abſorbed in particulars fubject to the ſenſes . -
He defpifes moderate purſuits , becauſe they li
mit his hope ;-avoids paradoxes , on account of
the opinion of the vulgar ;-and flights the beau
tiful diſcoveries of others , from envy .
The hiftory ofNatural Philofophy muſt there
fore in a great meaſure confift of errors , falfe

A 2 hoods,

T

•

1
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hoods , and conjectures : For in al
l

croſs ways we
feldom arrive a

t

the truth by the ſhorteſt path ;

nor do we reach it at laſt but by many circui
tous wanderings , and after every other road has

been tried unfuocefsfully . But , nevertheleſs , the
view of the errors of the human underſtanding

is exceedingly uſeful , and the cauſes o
f

them b
e

ing laid open in the examples o
f

others , the mind

is improved ;-like a failor , who , from different
charts , learns to navigate through dangerous

feas , and from the track o
f

former voyagers , to

eſcape the rocks and fhoals around him . Hence

then it appears , in what manner the under
ſtanding , reſcued from darkneſs , reflects the light

of truth , and refumes its true direction .
The hiftory o

f chemiftry is properly divided
into the mythologic , the obfcure , and the cer
tain . The firſt period exhibits it from its in
fancy , deformed by fictions , until the deftruc
tion of the library of Alexandria by the Arabs .

-The fecond , though freed in fome meaſure
from thefe abfurdities , yet is ftill clothed in num
berlefs enigmas and allegorical expreffions.
The third period commences at the middle of
the ſeventeenth century , with the firſt eſtabliſh
ment of focieties and academies of ſcience ; of
which the wife affociates , in many places unit
ing their efforts , determined to purfue the ftu
dy o

f

Natural Philofophy by obſervation and
experiments , and candidly to publiſh their at
tempts in a general account o
f

their tranfac
tions .

0

--
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tions . In the following pages , we ſhall give a
flight ſketch of the first period ,- trufting to the
mild criticiſm of our gentle readers . - To treat
of every part at large would exceed the limits
of one volume .

S 1
1
.

Origin o
f

Chemical Arts .

THE Concatenated feries of truths on which

fcience depends , arifes from a more frequent and
accurate compariſon of many phenomena.
In order to acquire this knowledge , it is necef
fary to prepare a number o

f experiments and
obfervations with judgement and attention .
The properties o

f

fome bodies , perhaps , were

known immediately ; but neceffity , or the love
ofgain and convenience , the moft powerful in
citement to genius , taught their uſe and appli
cation .-Hence fprung arts and artificers ; but ,

a
s yet , there appeared no veftige o
f

true ſcience .

Sagacity and fedulous inveſtigation were requir

ed to perceive the relation o
f

various phenome

na , and to reduce them , in fome meaſure un
folded , to a neceffary arrangement .

We are , however , fo far from wiſhing to de
tract from the merit of the firſt diſcoverers , that
we contend , they were men o

f

the greateſt in
genuity ; for who will not allow , that in order to

judge truely of their claim to honour , both the
times in which they lived , and their fituations ,

A 3 muft
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muſt be taken into the account .-IfNewton , the
great Newton , the glory and ornament of the hu

man underſtanding ; he who determined fo won
derfully the laws ofmotion of the planetary ſyſ

tem ; who , to the aſtoniſhment of allmankind , di

vided aray of light ,and reduced almoſt infinity it
felf to calculation ;-if this hero of philofophers
had lived among the Laplanders , hewould fcarce
have been the inventor of decimal arithmetic.
Or had the fublime Stahl exiſted before the

flood , he had , perhaps , not ſurpaffed Tubalcain
in dexterity ,
Hence itmay , in fome meaſure , be conjectur

ed , why , in remote times , divine honours were
paid to the firſt diſcoverers of the works of na
ture ; and why to thofe who had deferved well

in civil affairs , the dignity of heroes only was
granted . The benefits of the firſt affect all the

human race , and extend their happy influences

through every age ; while the operations of the
latter is confined to certain fituations , and limit
ed to a few years.Befides , it rarely happens
that any improvement takes place in fociety ,

without fome violence or commotion ; but the
noble difcoveries in the great book of nature
blefs wherever they proceed , and bear their fa
lutary fruits without forrow or diſturbance * .
The truths of every part of philofophy , whe
ther they are worthy of admiration , and extol
the wifdom of the fupreme authority of nature ,

or

* Lord Bacon .
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or whether they are actually beneficial to the
purpoſes of a ſtate, do ftill intitle it to the fame
degree of eftimation . But , nevertheleſs , there
are not wanting many cultivators of feience who ,
not content with this fhare of commendation ,
feek in the duft of antiquity for traces of inven
tions they conceive to have been meritorious ,

or to have been more amply difcuffed . -And

I am forced to acknowledge , that many among
the earlier chemifts efpecially , have attended

too much to this ftudy , labouring to reduce to
their favourite fyftem the fublimeft arts almoft
coeval with our own globe . In this view anci
ent monuments are ranfacked , and diligent fearch

is every where made for the veftiges of their be

loved age ; and if, in the teftimonies they are
able to produce , any thing fhould be deficient ,
they are at no lofs to fupply the vacancy with
reafoning and conjecture . Let us attend a

little to theſe patrons of fuch high antiquity.
Surely they apprehend , that from this enquiry

into the character and hiſtory of mankind , it

will appear, that the first intimations of arts and
fciences were received partly by divine , and
partly by diabolic infpiration . The holy writ
ings make mention of feveral interviews with
God and angels ; nay , even in exprefs words , it
is faid , that Bezaleel , the fon of Uri , was endu
ed with the ſpirit of the Lord , and with ſkill to
work in gold , filver, brafs , marble , in precious

A 4 ftones,

+

"

�

4
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ftones , and ſeveral kinds ofwood . They adduce
Enoch the patriarch , as a firft evidence ,who relates
that the Egregori (Eypnyopus adminiftred antidotes a
gainſt poiſons to men and women , and verſes that

ſhould preferve them from diſeaſes . And they
quote Hexaele the tenth prince of the Egregori ,

who taught the art ofmaking fwords , breaft-plates ,
and all warlike inftruments , and the methods of
working gold and filver , to make them appear
beautiful to the women ; and inftructed them

in painting their faces , and in wearing precious

ftones t.
The fame thing almoft is advanced upon the
faith of ancient monuments by Clemens Alex
andrinus , Tertullian § , and Eufebius . Eu
polemus in Eufebius relates of Enoch himſelf ,

that he was taught by angels, and tranfmitted
the fcience of aftrology , through Methufalem
and his pofterity , down to Abraham . Zofimus
of Panopolita afferts , that the works of nature
were revealed by demons unto the daughters of
men , in return for their love ; and he adds ,
that the firft account of thefe arts was called

xx , as well as the book itſelf ; and hence the
art

* Exod . xxxi. 3 .
Fragmen apud Syncellum .

Strom . 5.
De idolatria de virgin . veland . et cultu fæminarum.
Præp . evang . lib . 9, cap 17 , 18 .
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art came to be diſtinguiſhed by the name *
By angels or demons , and Egregori , as they

are called by fome, many underſtand , with Bor
richius , the pofterity of Seth and Tubalcain ,
(the children of God ) the wicked offspring of
righteous parents , who being initiated by their
fathers in the fecret myfteries of nature , pro
faned the majeſty of their truft , by an ill -timed
loquacity with the daughters o

f

Cain , with
whoſe charms they were captivated . By this
and othercrimes they drew upon themſelves the
anger o

f

the Deity + . Who could believe that
morofe philofophers ,fhut up , for the greatest part
of their lives amidſt the coals and furnaces of their

laboratories would ſeriouſly feek the origin o
f

their

fcience in the tender paffion ? But they did not
ftop here . Almoſt every where in their writ
ings they allude to love ſports ; one while to the
nuptials o

f
a philofophic king , then to the net

of Vulcan , and many other ftories of a fimilar
nature ; which , as they fay , are all to receive a

myftic interpretation . Wherever Homer ftu
diouſly

Φασκυσιν α
ἱ

ἱέξαιγραφαι , η τ
ο
ι

βίβλοι , ὦ γυναι , ό
τ
ι

ες
ι
τ
ι

δαιμόνωνγενος,

ὁ χρηται γυναιξίν . ΕμνημονευσεκαιΈρμης εντοίςφυσικοις, και σχεδόν άπας
λογοςφανερος κ

α
ι

άποχρυφοςτυτο ημνημονευσεν. Τουτο ο
υν

έφασαν α
ι

αρχαίας
και θείας γραφαι , ότι Αγγέλοι επεθύμησαν των γυναικων, και κατελθόντες
εδίδαξαναυτας παντα τ

α

της φυσεωςεργα , ὧ
ν

χαριν προσκρυσαντέςεξω τ
η
ς

ἆρανεέμειναν, ὅτι παντα τα πονηρακαι μηδενωφελοντατηνψυχην εδιδάξαν
τις άνθρωπος. Εξ αυτωνφασχυσιν αἱ αυται γραφαι , και τις γιγαντας
ἐγεγενησθαι ἐπὶν ὑν αὐτῶν ἡ πρώτη παράδοσις χήμα περι τύτωντεχνών

εκάλεσαν δ
ε

ταύτην την βιβλαν χημα · ενθενκαι η τεχνη χημία καλείται

Conf. Scaliger in notis ad Eufebii chronicon ,

† Differtat . de ortu et progreffu chmciæ .
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dioufly defcribes the ſtolen embraces ofMars and
Venus, theſe ſkilful profeffors of the art are
fure to diſcover fome chemical fecret , fome com

bination of copper and iron , painted in glowing
colours . When they mean to fignify the mak
ing of gold , which they call the great work ,
they ſpeak ofbroken conjugal faith :-They had
perhaps erred lefs , had they thus interpreted

conjugal fidelity unbroken .

But we have dwelt fufficiently on theſe
things . It is however truly to be lamented ,
that thofe who cultivate the ingenious arts , as
well as the ignorant vulgar , fhould pleaſe them
felves with ridiculous opinions , which they af
terwards venerate and defend , with as much
zeal as they would the intereft of their country
and religion ; feeking out arguments every

where , by which they may be ſupported . For ,

fuch is the force and obftinacy of prejudices ,
that whoever fuffer themfelves to be led away
by them always maintain thofe very errors of
which they are confcious , a practice moft un
worthy of, and prejudicial to an inveſtigator of
truth. He who defires truth earneſtly , will al
ways feek it, with Horace :

a

Si quid novifti rectius iftis,
Candidus imperti .
All that can be faid with certainty of the
origin of chemiſtry , is refolved fimply into
this , that the various arts depending upon it are
of the higheſt antiquity .. The fcriptures call

Tubalcain ,
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Tubalcain, the eighth man from Adam, the
worker and hammerer of iron and copper *; the
fame whom the heathens feem to have wor
ſhipped under the name of Vulcan . We are
not acquainted with any proofs of his ſkill ; and
indeed it is moſt likely they would be of the
rudeft kind .- The title of chemift , however ,
with which he appears to have been honoured
by many , would have applied fully as well to
every ſmith and melter ofmetals .-Some indeed
infift , that neither brafs nor iron could be wrought

and variouſly moulded , unleſs the method of in
veftigating the nature of minerals , of burning ,
purifying , and feparating them , were previouſly
understood .

Ifmetals however were found native in the
neighbourhood of Paradife , there could be no
occafion for all thefe proceffes . Mention is

made of gold fince the beginning of the world t;
and in the time of Abraham many things were
bought and fold bydetermined weights of filvert .
The moſt ancient monuments clearly demonftrate
the great quantity of thefe metals ; and it is

not unlikely that the ingenious Tubalcain ſhould

obſerve they were capable of extenfion under

the hammer , and of fufion by fire § ; and that
he

Gen. iv. 22 .

+ Gen. ii. 11 , 12.
Gen. xxiii . 16 .

There was once a time , when mankind were totally ftran
gers to the uſe of fire ; and they ſeem to have learnt its nature

and
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he would fearch for thefe properties in other
bodies, and diſcovered them in iron and copper ,
is alfo very probable .

The
C

and it
s property o
f heating and deftroying bodies , from volca

nic eruptions , and from the effects o
f lightning . It will be

cafily fuppofed , that , on its firft diſcovery , fire would b
e at

tentively and anxiouſly preſerved , and that care would b
e b
e

ftowed to nourish it , in proportion a
s it
s great utility became

known . Hence , it is beyond al
l

doubt , that the office o
f ſup

porting it was given , as an honourable reward , to thoſe illuf

trious men who had deferved well o
f

the ſtate . The authority

o
f

religion too became attached to it , and the fuperftitious

veneration o
fperpetual fire ,either worſhipped in the name o
f

the

Deity , or confecrated to the gods ; until , b
y

degrees , it was
difcovered , that fire could b

e

excited at will ; -with which ,

however , few only were a
t

firft acquainted , and which feems

to have been confidered by them a
s
a ſecret . We read of

Abel's offering to God , which muft neceffarily have been con
fumed byfire , unleſs h

e

made his facrifices in fome other manner .

I am clearly of opinion that the ſeparation of metals by
fire was diſcovered by accident . But this powerful element

was fo far from being known to the whole human race , that ,

we are told by Pliny , the Egyptians in Africa , before the
reign o

f

Ptolemy Lathurus , were entirely ignorant o
f
it
s

uſe .

—Nay , we are certain , that , three hundred years ago , the in
habitants of the islands between Afia and America were e

qually unacquainted with it .

I do not apprehend there would b
e any difficulty in obſerv

ing , that ftones rubbed against each other produced fparks o
f

fire . The artifice o
f

Prometheus , fo celebrated in the fongs of
poets , appears to have been nothing elſe than fire produced in

this manner from ftones , except that he firſt ſhewed how it

fhould h
e nouriſhed . To this applies the account of Pliny :

"Pyrodes the fon of Cilex first obtained fire from flints ,

and66
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The Siberian iron examined by Pallas was
found to be malleable , though cold , or mode

rately

and Prometheus taught firft to preſerve it in a reed ," L. 7 .
c. 57. And elſewhere , " It is well known , that fire is beft che
" rifhed in reeds , and that thoſe in Egypt excel all others ."
Lib. 13. c. 22 .
The vulgar opinion fuppofes Ariftophanes to be the firſt

who made any mention of burning -glaffes . But if thofe ver
fes are genuine , which are attributed to Orpheus , it will ap
pear that this prince of poets, who lived long before Arifto
phanes , had defcribed the effect of the folar rays received into
cryftal , in the following lines :
" Take into your hands a ſplendid and pellucid cryſtal ,
" A ftone poffeffing fuch divine brilliancy ,
" As does the hearts of the immortal gods delight , in heav'n
" enthron'd :
" This , if to the temple then you bear,
" No god upon your vows fhall unpropitious frown .
The virtues of this wond'rous ftone attend and learn :

" Should you , without burning fire , chuſe to excite a flame ,
" To faggots dry'd approach it near .
" Upon the wood anon a gentle ray appears :
" Which , when once the dry and fat materials it has feiz'd,
" Smoke firft , then fire and dreadful flame
" Afcend : Earth's facred fire by the ancients nam❜d .
“ With other flame than this , facrifices to the gods
" Acceptable , I hope , will never burn .
" Moreover , of this wond'rous cryſtal add ,
" That , though itſelf the cauſe of heat , yet , foon
" As from the blazing fire withdrawn , 'tis ftraightway cold,
" And fafely to be handled ; and, to the reins applied ,
" All pains and aches removes ."
Plutarch , in the life of Numa , afferts that the holy fire of
the reftals was kindled by burning -glaffes .

Of
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rately heated. Iron of theſe qualities , however ,
is now very rare ; though it is not impoffible
that, in the infancy of the world , it ſhould have
been more abundant , and by fucceeding ages

corroded into ochre . The flight mention made of
it in the ſcriptures proves nothing certain as to its

proportion ; it refts therefore upon conjecture ,

and that by no means well founded .

The facred writings fpeak o
f

Noah ,probably the
Bacchus ofthe Pagans , that he made wine from
grapes , and mention the burning o

f

bricks for
building the tower o

f

Babelt . Theſe are almoft the
only traces o

f

chemical arts preceding the deluget .

§ 111. The

Of fire produced by friction , Pliny fays , 1. xvi . c . 40 .

" Thofe trees from which touchwood can be made , as the

❝ mulberry , laurel , and ivy , are all of a warm nature.

" Scouts of armies and ſhepherds make uſe of them for light

" ing fires , as ftones are not always to be found . Two
66 pieces o

f

wood are rubbed hard againſt each other , until the

" flame breaks out , which is immediately communicated to

" fome dry fuel , of fungus or leaves . For this purpoſe no

" thing is better than the laurel and ivy . The wood -vine

" alfo may be employed ; not what is called wild -vine , from

" which it differs , by twifting itſelf round trees in the manner

" ofivy . "

By a fimilar procefs o
f

rubbing pieces o
f

wood together ,

the Arabs , and the iſlanders of America , obtain all their
fire .

* Gen. ix . 20 , 21 .

+ Gen. x
i
. 3 .

Berofus the Annian relates that Noah had obferved many

o
f

the fecret works o
f

nature , which were only entruſted to

the priests . Of his knowledge derived from the pillars o
f

Seth , Jofephus fpeaks , Antiq . 1. i . c . 3 .
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$ 111. The State ofChemistry in Egypt .

THAT We may proceed in order , we ſhall firſt
flightly touch upon the fortunate and unhappy

fates ofnatural philofophy ;-afterwards we ſhall
confider the various chemical arts ;-then the
moft celebrated authors in the fcience of che
mistry ;-and laftly, we ſhall review their princi
pal theories .
Every body knows , that Egypt was in
the poffeffion of Cham the fon of Mizraim : And
Plutarch mentions , that it was called Chemia *
in the earlieſt times, perhaps from Cham the fon
ofNoaht . But it is oftener the land of Miz
raim , Gen. xiii . 10. xli . 41. xlv . 18 .
In confulting thoſe writings of antiquity that
have withſtood the ravages of time , we have
found mention made of a certain man , whom
the Egyptians call Thoyth, the Phoenicians ,

Taaut, the Greeks Epy , and the Romans Mer
cury , and to whom they all attribute the inven
tion of letters , and many arts and fciences .
From the teftimony of Diodorus Siculus , he was
highly honoured by Ofiris the king of Egypt ,
and efteemed above all others for his penetrat

ing genius in diſcovering every thing that could
be uſeful in common life . The king , accompa

nied

* Of Ifis and Ofiris, c. 5.
† Pfal . lxxxviii. 51. cv . 23. 27. cvi . 22 .
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1

nied by people ſkilled in agriculture and other
arts, travelled into foreign regions , in order to
inftruct the inhabitants , and fubdue their na
tive ferocity . During his abfence he committed

the reins of government to his confort Ifis , and
appointed Hermes as her counſellor *.-Of this
Hermes it is reported , that he engraved upon
pillars , or , according to fome , upon the walls of
the Syringian caverns , an account of all the fci
ences that had flouriſhed before the deluge . Di
odorus fpeaks befides of two columns in the city
of Nyfa , one of which is dedicated to Ofiris , who
was the fon of Creon , the youngeſt of the gods ;
and who had over-run many countries with his

victorious arms , and rendered general benefit to
mankind . The other column bears the follow
ing infeription : " Ifis am I, the queen , fifter ,
" and wife of Ofiris , by Thoyth ſkilled in fci
" ence, who taught agriculture to men , who
" bore king Horus, who fhines in the dog-days ,
" and who ordered Bubaftus to be built : Fare
" well Egypt , where I was educated ."
Some monuments ſpeak of another Hermes ,
who, (ifÆlian is to be credited †) , lived in the
reign of Sefoftris , was highly extolled for wif
dom , and called Trifmigiftus . Manethus , the
chief priest of the Gentiles at Heliopolis , relates ,

to his king Ptolemy Philadelphus , That all
thoſe things which the firft Hermes had writ

ten

* Bibl . hift . 1. 1.
Var . hift. 1. xii . c. 4.
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ten upon the columns , either in the holy or the
Egyptian tongue , were by this man tranflated ,

after the deluge , into Greek , and then written

in hieroglyphics in books , and depoſited in the
moft facred places of the temples *. It is alledg
ed by fome , that through a miſtake of the ex
tract or tranfcription , εις τη

ν

Ελληνίδα , φωνην, is infert
ed instead ofExas , which indicates a ftyle of
writing , according to the Greeks , from left to

right ; or more properly perhaps , inftead o
f

ει
ς

τ
η
ν

αλλην διαφωνονViZ .διαληκτον † : As the Greek la
n

guage was as yet but imperfectly understood , it

is not impoffible ; for both the father and grand

father o
f

Sefoftris had fubjected Greece to their
authority .

Two hundred and eighty years before Chrift ,

Manethus dedicated to the fame king his work ,

entitled BBA Ear , in three volumes , contain
ing all the history and arts of the Egyptians ,

whether compiled from the columns in Seriadi

ca , or from the facred books . -Fragments only of

this work are now remaining t ; but from it Ju
lius

* In libro I. Chronici Eufebii Manethos is faid xenario 09

εκ των εν τ
η Σηριαδική γ
η κειμενωνδηλων, ἱερᾷ φησι διαλεχτω κα
ι

ξερογραφία

κοις γραμμασι κ
ε

χαρακτηρισμένων, ὑπ
ο

Θωυπ τ
ο

πρώτοΈρμε , κ
α
ι

έρμηνευ

θεισώνμετά τ
ο
ν

κατάκλυσμον εκ της ίεραςδιαλεκτα ε
ις τ
η
ν

ελληνίδαφωνην

γραμμασιν ἱερογλυφικοις, και υποτεθεισών ε
ν βίβλοιςυπο τ
ε

Αγαθοδαίμονος

τ
α δευτεραΈρμα , πατρος δ
ε

τ
ο Τατ , εν τοιςαδυτοιςτωνἱερῶνΑιγύπτιων .

† Baumgarten in Erl . der Alten Geſch . tom . 1. p . 11 , 407 .

The Seriadic land is , by its fignification in the Coptic tongue ,

afferted to be the fame as the land o
f

the fun , o
r Heliopolitas .

Syncellus in chronogr .

"
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lius Africanus , from Africanus Eufebius , Pam
philius , and from Eufebius Sýncellus , have fe
verally made extracts ;-and from the preface
of Diogenes Laertius , it appears plainly , that he
had made ufe of the ITOμ ofManethus .
The hieroglyphics of the Egyptians repreſent
natural bodies entire , as well as in part , and alfo
mathematical figures . Theſe are perhaps the
letters which were attributed to Hermes ; ex

preffing things rather than founds : But how
ever likely it is , that fuch fhould be the rude

inventions of antiquity , yet we ſhall preſently
fee, they were reckoned more ingenious than

later improvements . Whatever might be the
mode ofwriting that Hermes is ſaid to have in
vented , although as yet rude and imperfect , it
was clearly of the greateſt importance . Hitherto
the fciences , equally with the vulgar arts , de
pended entirely on the uncertainty of oral tradi
tion ; whereas, by the affiftance of letters , the ob
fervations of ingenious men would be more eafily

collected , compared , and reduced into order ,

and the firſt foundations of inftruction be eſta
bliſhed .

Many circumstances lead us to apprehend
that the exiſtence of both the Hermefes was not

merely imaginary , as Urfinus and Corringius

do . For although it was the cuſtom of the an
tients to diſguiſe the actions of their heroes in
the ornaments of fiction , yet are we not to in
fer , that fuch perfons are altogether fabulous ...

There
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There would be an end to all hiftorical truth ,

if, from the difagreement of records in reſpect to
forms ,wewere to deny the exiſtence of the things

themſelves . But , however , who they pofitively .
were remains ſtill in fome obfcurity . Many agree
ingwith J. C. Kriegſman , fuppofe the firſt to be
Canaan the fon ofCham * . Others , again , with
Kircher , imagine him to be Enoch . With Hu
et , he is called Mofes ; by Philo , the ſon ofMiz
raim (Mifor) t . Nay , fome of the moſt modern
writers think they diſcover Abraham under that
appellation ; who , from the united teftimonies

of Jofephus § , Eupolemus , and Artapanus || ,
inftructed the Egyptians in the uſe of numbers ,
and aftronomy , and dwelt among them for twen
ty years .
There is no doubt , that the defcendants of
Seth knowing that Adam had foretold the ge
neral deftruction of every thing , at one time by
the flood , and at another by a conflagration ,

wrote all their inventions and diſcoveries upon

two columns , left the knowledge of them ſhould
perish. Jofephus , who , upon the faith of others ,
relates , that ſuch a ſtone ſtill exifted in his time

B 2 in

* On the Smaragdine table.
+ Philo Biblius reports from Sanchuniaton , that Miſor had
a Son named Taaut , called by the Egyptians Thoyth , the in
ventor of the firſt elements of writing .
Kochs Pharos der Chron .

Antiq. l. i, c, 2
Eusebii Præp . Ev. ix . c. 17 , 18.
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1

in Syria , is thought , not improperly , to have ap
plied to Seth the above-mentioned account of
Hermes , by Manethus . Sanchuniaton calls

Hermes a Phoenician , which agrees with the o
pinion entertained of Abraham .
Many of the moderns * diſcover another Her
mes in Jofeph the fon of Jacob , from the autho
rity of antient monuments ; from which it ap
pears , that Faunus (Hermes ) was infidiouſly be
trayed by his brethren to the children of Cham ;

among whom he was highly honoured , clothed

in garments of gold , and worſhipped as a god ,
from his knowledge of future events f.
In the feries of Theban kings , extracted with
fuch fingular induftry , under Ptolemy the Third ,
from the facred books by Eratofthenes , the firſt
is Menes , perhaps Mifraim the fon of Cham , cal
led elſewhere Ofiris . Then follow the brothers

Athotis I. and II . of which the latter, the To
forthrus of Manethus , was ſkilled in letters , and
various arts. Here , unleſs I am deceived , we
find the firft Hermes . Siphoas , or Memnon ,

the thirty -fifth in order , is diftinguiſhed exprefs
ly by the firname of Hermes . This is the Pro
teus of Herodotus and Diodorus , the Ameneph
thes of Manethus , and probably , the Agamem
non of Homer, as he was not lefs remarkable
for perſonal ſtrength , than for his extraordinary

inventions .

* F. J. V. Schröders Bibl . für die höhere Naturwiff. t . i
Cedreni Hift . & Chr. Alex . Conf. Gen. xxxix --xli ..
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inventions . Have we not , then , found Her

mes II. ? The great variety of names that occur
in the hiſtory of Egypt , have rendered it ex
tremely confufed ; as every king received a new
firname as foon as he was initiated in the myste
ries of his religion .
Sefoftris is decorated with the name of Mer
cury , on account of his wiſdom , by Cicero ; and
by fome is imagined to be the fame with Cad
mus , who , having received letters from the He

brews , was the firſt who communicated them to

the Egyptians , Greeks , and Phoenicians . If it
is really fo , then , as C. W. Beyer with great ftu ,
died arguments endeavours to demonſtrate , it
will be eaſily underſtood , that the letters invent
ed by the first Hermes were fymbols of things
only , and that the fecond Hermes feems to have
been the author of theſe figns of founds , which
are at this time properly denominated letters.

That it may appear in what manner theſe ſe
verally agree , it will be right to attend to the
following circumftances . According to him ,

the deluge was 2289 years before the birth of
Chriſt ;—the arrival of Cham in Egypt , and be
ginning of the reign of the gods , 2188 years

;
the coming of Abraham , 1922 years ;- the
death of Cham , end of the government of the.
gods , and Menes king , 1857 years . Sefoftris
987 years ; and Siphoa , 889 years *.

B 3 However

Baumgarten , 1. c. Syncellus has preferved the arrange

ment of Eratofthenes .

1

44
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"

However it may be decided with regard to
thefe Hermefes , it is evident , that they far fur
paffed their cotemporaries in learning and faga
city , and that the Egyptians were indebted to
them as the authors of that wisdom for which
they were afterwards fo much renowned . Ac
cording to Herodotus , the Egyptians were the

wifeft of the human race. The things moft wor
thy of being known were retained by the prieſts ,
of whom there were three communities , in the
time of Diodorus , at Heliopolis , Memphis , and
Thebes . Among them different fciences flou
riſhed , cultivated by different perfons *; but fo
folicitoufly were they kept a fecret , that not

even the Hierophanti , or the Kings , who were

often choſen from the facerdotal order † , were ad
mitted to the knowledge of the fublimer ftudies ,

unless they were firft ftrictly examined . They

were unwilling that their fecrets ſhould be com

municated to many , and puniſhed thoſe who
ever revealed them , The letters called facred
were known to them only, having learned them
privately from their anceſtors . The people they

ainuſed with fables , but philofophifed them
felves under the names of deities §.It is now
proper to inquire , whether theſe myſteries bore

any relation to the intimate nature of bodies .
That

* Herod . lib . iv.
+ Plutarchus de Ifide .

Clemens Alex . Str. 1. 1 .

Origines contra Celfum , 1.
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That the chief of their religious opinions were
involved in enigmatical obfcurity , and allegori
cal fymbols , is beyond al

l

difpute ; But it is by no
means a confequence , that they each took their
rife in phyfical qualities , taken from the very
heart o

f

natural philofophy , although it is poffi
ble that they came to treat afterwards of things
more abftract , and lefs obvious to the fenfes .-
We are ſurpriſed a

t

the author o
f

Atlantica ,

whofe very fertile genius , fupported by great
fhew of erudition , has ventured to tranfport
the iſland of Plato to the north ; but we are not
lefs aftoniſhed a

t

the great undertaking o
f

thofe ,

who pretend to diſcover , in a myſtic fenfe , the
philofopher's ftone , the making o

fgold and fil
ver , in the mythologic fables o

f

the Greeks and

Egyptians . Certainly , whoever has confidered
thefe attempts will wonder at the extraordinary
coincidence o

f
fo many monuments , even the

moft triffling *.- But the limits that we have pre
cribed to ourſelyes do not permit amore particu
lar examination ,

Pliny , fpeaking of the Egyptian obeliſk , in the
great circus and Campus Martius , adds : “ Infcripti

ambo rerum naturæ interpretationem Egyptio

"rum philofophia continent . " Some , inftead of

"phiſophia , " read " opera philofophiæ . " Which

B 4 ever

* See the various writings of Borrichius , -alfo the Che
mical Heaven of Tollius in all the fenfe of madneſs , -and D.
Pernety , who , like al

l

the reft , has handled this fubject , in a

book lately publiſhed , entitled , " Fables Egyptiennes e
t Greç

“ ques devoileés .
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ever reading is preferred , the fenfe will be near
ly the fame , as it grants that natural philofophy
was written in theſe hieroglyphics * .
In the following pages , the teftimonies ofma
ny will be found to corroborate the received o
pinion , that their phyfical tenets were expref

fed in fuch fymbols . But , as no ſtranger was
capable of reading and explaining them , there
can be no authority for further conjectures.
Following the fentiments of Julius Firmicus
Maternus f, a writer of the 4th century , many
as yet contend that the facerdotal art , or facred

and divine ſcience , as it is called , confifted chief
ly ofmagic and alchemiſtry . By magic , how
ever , they do not here underſtand thoſe diaboli

cal and forbidden practices ,which obtained even

in the time of Mofes § , but merely an attention'
to the works of nature , and the particular qua
lities of bodies , whofe fecret modes of operation ,
diftinguiſhed commonly by the epithets fympathy

and antipathy , enabled them to diſplay all their
miracles .--Hence the difference between magical

medicine , hermetic or philofophic , and empiric ;

for the former , refting folely upon obfervation ,

confiders the cauſes of diſeaſe , the ſigns of bodies ,
and virtues ofremedies ,and which Ifocrates thinks
fo deferving of praife , as to give to the Egyptians

the
1

-

* L. xxxvi . 9.
Matth. L. iii . c . 15. conf . Præf . l . ii . iii . iv . v₁

Schröder , 1
. c .

Exod . vii . and viii ,
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the fuperiority in all the arts *. Their ſkill has
indeed been greatly admired by many writers ;
but , it muſt be confeffed , their remedies bore
often the appearance ofridiculous mummery.
Galen affirms , that King Nechepfus , 630 years
before Chriſt , had written , that , if a green jaſ
per , cut into the form of a dragon furrounded
with rays , was applied externally to the pylorus ,
the ftomach would be ftrengthened . Have we
not here the traces of amulets and talifmans?
Under all the changes in their government ,
under all their kings , and under the yoke of the
Perfians , Babylonians , Grecians , and Romans ,

though ſcience did not flouriſh among the E
gyptians with equal vigour , yet did it continue
to be cultivated and protected , until the deftruc
tion of Alexandria by the Arabians . Ptolemeus
Soter had collected a library in Bruchius , which
by the care of his fucceffor , Philadelphus , in
creafed from 100,000 volumes to 400,000 ; with

which number it was fo crouded , that it became
neceffary to erect a new hall at Serapis , fuffi
ciently large to receive thoſe who were daily
coming to it. This offspring of the old library ,
in a few years , could boaſt of 300,000 volumes .
The firft collection was reduced to afhes , by ac

cident , in the warwith Julius Cæfar , but theSe
rapic

* Conf. Celfus , L. xxxvi . c . 2, 3, et 4. in laudibus Bufir.
et Apuleius in Apol.

† Diodorus & Pliny .
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rapic was continually augmenting , and poffeffed ,

at the taking of Alexandria , in 642 , above
700,000 volumes . John Philopon , a philò
fopher , petitioned the general of the Saracens ,
Amri Ebnol -As , that he would fpare him part of
this library ; but he dared not to comply with
his entreaties , without permiffion from Omar , the

fecond caliph ; who , when it was requeſted
of him , returned for anfwer , that the books
could not be faved ; for, if they agreed with the
tenets of the Alcoran , they were uſeleſs , if they
differed from them , they were dangerous * . From

this blow the greateſt treaſure of the knowledge

of the ancient world was totally deftroyed , and
the barbarians employed , for above fix months ,

all it
s

various manufcripts to kindle the fires of
their baths , of which there were above 4000 in
the city .

Cambyfes , indeed , carried off the facred vo
lumes , but the prieſts either fecreted ſome , or

recovered them afterwards , o
r compofed others

again from the monuments ; for both Herodo
tus and Diodorus , and Eratofthenes faw feveral ;

and the latter diftinguifhed the genuine from
the falfe . But it is not unlikely , that the hiſto
rical books were o

f

eafier compofition , and writ
ten in another manner , as Eratofthenes was able
to underſtand them .

Candidly , however , itmuſt be acknowledged ,

that doubts may yet be entertained of all the
proofs

* Abulpharagii Hift . Dynaſt .



OF THE ORIGIN OF CHEMISTRY . 27

proofs that we have brought , efpecially when
they relate to the periods of the greateſt anti
quity.
For, if we examine into circumftances , that
preceded the age of writers of the 15th and 16th
centuries ,and which were recorded by foreigners ;

if we confider the enigmatical ftyle of thofe
times ; and , laſtly , ifwe attend to the imperfect
ſtate of writing, the uncertainty of various rela- .
tions and books , and the errors and alterations

in manuſcripts , it will be impoffible not to hefi
tate in our belief. Some authors ſpeak of one
Mercury only, others will have two ; Abulpha
ragius names three , Lactantius four , and Cicero

infifts on producing five .---How , then , if their
number is as yet undetermined , fhall their ac
tions be defined , and dates affigned to their ex
iftence ? Let us pafs therefore to the arts ofthe
Egyptians , which may probably be involved in
lefs darkneſs .

Diodorus Siculus , who vifited Egypt under

the reigns of Julius and Octavius Cæfar, at a
time when arts were in full fplendor in the Ro
man empire , ingenuoufly confeffes , that they

were highly cultivated among the Egyptians ,

and brought to the greateſt degree ofperfection .
He mentions , that eggs were not hatched there
by the birds ; but that the Egyptians , contrary
to the cuſtom of any other country , were able ,
by their ingenuity and fome natural proceſs, to

bring
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bring forth the fœtus into life . But here let
us rather examine the ftate of thofe arts which

flouriſhed in Egypt upon chemical principles.

Of theſe proofs may be procured far leſs fufpi
cious , as they are yet to be found by thoſe who
travel into that country .

Their pharmacy feems entirely to have con
fifted of extracts , infufions , decoctions , and mix
tures.-From Diofcorides and Pliny we learn ,
that they uſed the cyperus papyrus , burnt to
aſhes , inſtead of cauftics t .- Galen afcribes to
the Egyptian prieſts the compofition called cy
pheos , confifting ofmyrrh , cinnamon , turpentine ,

fpice , cyperus , juniper , and bdellium , the per
fume ofwhich they uſed as being acceptable to
the gods ; and we are told by Diofcorides §, that
this mixture was confidered as an alexipharmic ,

and ferviceable in afthmatic complaints . Galen
afferts , that the compofition of Hermon , the fa
cred fcribe , which is called alfo Ifis ,was taken out

from the facred depofits in the temple of Vulcan ] .
Befides turpentine , this receipt contained flake's

of copper , ruft of brafs , fal ammonaic , burnt
allum , and feveral other things . They had various
plaifters formed of litharge , æs uftum , diphrygis ,
mify, fory , calx of filver , and other metallic fub
ftances ; and which were known before the time

of
* Lib . ii.
+ H. N. xxvi . 2 .
De Ant . l . ii. c .z

---

L. i. c. 24.
Comp med. 1. v . c . 1.
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of Hippocrates .- Thefe and other examples ,
though they do not indicate a very profound

knowledge of pharmacy , yet they are by no
means contemptible .

That ſculpture in all its branches flouriſhed a

mong the Egyptians , is evident from thofe won
derful edifices ofhewn ftone , the Pyramids ,which
have ſo long withſtood the ravages o

f

time ; and

from the marbles , ftatues , obelisks , and tem
ples , which we every where meet in Herodotus ,

Diodorus , Strabo , Pliny , and Marcellinus ; and
are to be ſeen in Rome at this day . It ſeems
highly probable , that Panopolis was the chief

and moſt antient paleſtra doupyv . Strabo * makes
mention of it ; and it was hither without doubt ,
that the moſt famous Grecian ftatuaries reforted .
In the earlieſt periods they were acquainted with
the method o

f burning bricks t , of forming v
a

fes for ointments out o
f

alabafter ‡ , and o
fmak

ing mortars for medical purpoſes from granite ,

the Pyrrhopæcilus o
f

the antients § . They had
fome mortars alfo of black marble .

Pliny mentions , that common falt was obtain
ed from a lake in the neighbourhood of Mem
phis , and nitre a

t

Naucratis and Memphis.
Strabo

* Geogr . xvii . -

+ Exod . v . 5 .

Plinius , 1. xxxvi . c . 8 .

- >

§ Diofcorides , 1. v . c . 102 .

Plin . xxxvi . 17. Strabo , l . xvii .

Plin . l . xxxi . c . 17. What he relates in this chapter of

the
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Strabo fpeaks of two placed beyond Momem →
phis, where nitre is produced . The Egyptian

nitre , according to Pliny * , was dark coloured ,

and hard like a ftone ; and the proceſs ofmak
ing it fimilar to that of falt, except that the fea
was let into the falt pans, while the Nile only

entered thoſe for nitre . As the Nile retired they

became dry, but were kept moift for forty days ,
by being ſprinkled with the nitrous folution . If
rain fell, they diminiſhed a proportional quanti
ty of the Nile , and removed the nitre from the
pits as foon as it began to thicken, left it ſhould
be again diffolved . In this oily ftate they ap
plied it as a remedy for the fcab in animals.

When laid by in large maffes it becomes hard .
They reckon the lighteft part of nitre , and con
fequently the frothy part , the beft ; but the
coarfe dregs are ferviceable in dying purple and
all other colours.The Memphitic nitre was
foul in its concretions ; from whence the ftony

maffes of which vafes were formed , and fome
times reduced to a coal by means of ignition
with fulphur. The aphronitrum , or fcum ofni
tre , was brought in veffels covered with pitch ,
left it ſhould diffolve by contact with the air.
Nitre was adulterated with lime , which was ea
fily diſcovered by the tafte ; the genuine melt
ed readily in the mouth , but the fpurious was

extremely

the flower of falt , ſeems to apply properly to the flowers of
fal ammoniac .

* L. xxxi . c. 10,

1
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extremely pungent , and emitted a powerful o
dour . They were diſtinguiſhed alfo by burning

them in the fire ; the adulterated being always

in a clofe veffel , that it might not fly out ; the
genuine not requiring that precaution . From

other circumftances it appears , that the nitre of
the Egyptians was mineral alkali , in fome de
gree cauftic , combined with nitrated volatile

alkali *,

2

Pliny commends the Egyptian alum † . Di
non in his commentary on Athenæus , thinks ,

that fal ammoniac was fent from Egypt into

Perfiat .

The Egyptians obtained oils from the richeft
olives , from radiſhes , grafs , fefamy , nettles , and

other vegetable fubftances §. The mummies

which are yet found entire , afford fpecimens of
the moſt perfect ſkill in embalming . Herodo

tus ,

Boyle received in a prefent from the Engliſh ambaſſador

at the Porte , a piece of Nitre from the river Nile , which de
liquefced in the open ai

r
a
s readily a
s falt o
f

tartar , and effer

vefced violently with the acetous and marine acids . See De

Produc . Chem . Princ . § 3. Barkhufen reports , that the falt
extracted from the Nile , when mixed with lime , has an urinous

fmell , Acroam . 134. To the fame falt must b
e

attributed

what we read o
f

the Nile in Profper Alpinus , in Hift . Æg .

that it poffeffes a faline tafte , is purgative , emmenagogue , and
diuretic

+ L. lxxxv c . 15 .

Dipnof 1. ii . c . 29 .

Plinius , xv . 7. xix . 5 .
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tus *, and Diodorus Siculus † , relate , that the
Ethiopians formerly inclofed their dead bodies.
inglass ; but which Gefner contends is to beun
derſtood as amber . As to what we are told of
their perpetual lamps , from Arabian authority ,

if they are not wholly fabulous , they can have
been nothing elſe than threads of amianthus (or
earth flax , ) and ſmall ſtreams of bitumen , with
which thofe regions abound .
Diodorus mentions a place in which were fe
veral large golden mines , that were wrought by

many thouſand men in chains ; and he ſpeaks

alfo ofthe working ofgold and braſs at Thebes §.
It is worth while to attend to the defcription he
gives of their operations , and of the minerals
on the confines of Arabia, with which , he fays,

the kings were acquainted in the earlieſt ages .
The foil is black, and produces white veins of
marble . The mineral , rendered brittle by cal

cination , is firft broken and then divided into

fmaller pieces, and pulverifed in mills ; the ear
thy part is feparated by waſhing on an inclined
plane ; and then certain proportions of lead , of
falt , tin , and a flux being added to the refiduum ,

the whole was put into covered crucibles , and

expofed to the fire for five nychthemera ; and thus

pure gold without any fcorice was obtained . Here
we

* Thalia .
+ L. xv.

�,

A& Goetting , 1. z.
§ L. iii .
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ES

J

i

we fee the fame proceffes as are yet employed
by the moderns ,
They did not engrave , but painted Anubis on
their filver veffels * ; and Heliodorus records , that

Chariclea the daughter of the Egyptian prophet
wore at her breaſt golden ferpents of an azure

colour ; that the fplendor of the gold had been
deſtroyed by art , to imitate the rough and va
rious ſcales, and repreſent the ſkin ſpotted with
black and yellowt. From this , then , it appears
that the art of colouring metals by fire was not
unknown in thofe days .-The Egyptians made
glafs of a dark colour , fometimes tranſlucid , cal
led obfidianum , in imitation of that which was
diſcovered by Obfidius in Ethiopia f . But their
magnificent cups betray a confiderable know
ledge in the art ofmaking glafs ; and ofwhich
the Emperor Adrian , then refiding at Àlexan
dria , thus writes to the conful Servius : " I have
fent to you fome Alaffian cups of various co
" lours , given to me by the prieſt of the temi
ple : They are dedicated to you , and particu
" larly to my fifter ; and I defire that you will
" always produce them at your feafts on holi
days §." Befides theſe proofs of their ſkill , we
have teftimonies of their being able to imitate
the emerald . Pliny mentions , that in his time

C the

"

Plin . l. xxxiii . c. 9 .
+ Æthiop . I. v.
Plin . 1. xxxvi . c . 26 :

Lib. Phlegontis .
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1

there was ſtill extant in an Egyptian labyrinth
a Coloffian Serapis of emerald , meafuring nine
cubits high: And Theophraftus alfo defcribes an
obelisk in the temple of Jupiter , formed of four
emeralds , that was 40 cubits in length , and in
fome places four, in others two , in diameter *.
That , therefore , the Egyptians had very fuccefs
fully imitated the emerald , is beyond a doubt ;
for there fcarcely , or perhaps never , was found
real ftones of fuch magnitude . They reprefent
ed the turqueois alſo , as we learn from Theo
phraftus ; and the merit of giving it the blue
colour is afcribed to one of their kings † . Were
they acquainted with cobalt ? Pliny afferts ,

that

* H. N. xxxvi .5.
+ Of Stones , 98.
The celebratedPauw affirms that the Egyptians uſed fmalt ,

and the Romans alfo, if we believe Lehman , were not igno
rant of this mineral . Ferberus and Delaval entertain the

fame opinion , which the one fupports , by appealing to the
fmall Egyptain images incrufted with blue glafs, and the o
ther from the little blue ſtones that are every where found in

the fepellated works and pavements of the ancients . The
illuftrious Gmellin , Prof. Gotting . however , denies that the

account given of it by Pliny can poffibly apply to cobalt , and
chufes rather to underſtand from the writings of this naturaliſt

the native blue calx of copper , called ultramarine . Befides ,

he thinks that the blue colour of Egyptian glafs was imparted

to it without fire ; or , if indeed fire had been employed , that
it was obtained from fome other metal than cobalt . Experi

ments confirm this opinion . Not far from mount Peligard ,

a few years fince , fome fepellated pavement ofvarious coloured
Aones
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that their opaque red coloured glafs , called Hæ
matinos , the white and murrbine , and the imi

C 2 tations

ftones was dug out of the earth. Some of thofe that were
blue Gmellinus diffolved in aqua regia ; and, having made a

perfect folution , he difcovered evident marks of iron . Had

there been any cobalt , it would have formed the fympathetic ink .

There is no mention made of cobalt among ancient authors ;

for what is called cadmia by Pliny ſeems to have been zinc , or

rather arfenic . I have not heard of any one yet who has
found cobalt , either in Egypt , Arabia , Numidia , or Ethiopia.

And , as to the mineral of which Lehman fpeaks , that was
brought from mount Atlas , and poffeffed the property of
tinging glaſs of a blue colour , it was probably the ore of ſome
other metal . If you except Piedemont , there is no appear
ance of cobalt in al

l Italy . It was certainly found however in
Piedemont after the time of the Romans : and the inhabitants

o
f

that country were fo ignorant o
f

the art o
fmaking it into

fmalt , that they fold the cobalt but rudely calcined to the peo

ple o
fNuremberg . The island o
fCyprus fo celebrated for it
s

veins

ofcopper , produced n
o cobalt . This mineral , however , was firſt

dug up in later times in the country o
f

the Grifons , in France ,

and in Spain . It iswell known , that the Chineſe , Japaneſe ,

and Indians ufe a blue pigment in colouring their porce

lain , and that they have long poffeffed this art ; but , it is pro

bable that they took the lapis lazuli for this purpoſe , with

which the northern provinces o
f

China every where abound .

Delaval , by fome particular procefs , made a blue glafs

with iron , which he mixed with other glaſs that was white and
pellucid , and thus obtained various degrees of colour , but not
all thofe which are difcovered in the ancient monuments .

Iron is found every where ; and it is not poffible , that thoſe
who knew how to make porcelain ſhould b

e ignorant o
f
it
s

ufe . The Egyptians were acquainted with the hæmatites ,

and with red ochre , from both ofwhich ochre is now extracted
in
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:

tations in other colours of hyacinths and fap
phires *, nay , even the true precious ftones could
fearce be diſtinguiſhed from the falfet .
Befides wines , the Egyptians prepared a li
quor from barley , in flavour and tafte very little
inferior to the juice of the grape ; and which
they call Zythus , and fuppofe to be invented by

Ofiris . Their vinegar is extolled as the beſt ,
by Chryfippus in Athenæus ; and fuch was it

s

acidity , that it immediately diffolved the great

eft pearl Cleopatra had in her poffeffion § .

Of their ſkill in colours we have many beau
tiful examples . They were acquainted with
native minium . The words of Pliny upon this
ſubject are worthy o

f

attention : “ Pingunt , "

he ſays , " et veftes in Ægypto , inter pauca mi

" rabili genere , candida vela poſtquam attrive
66

re , illinentes non coloribus , fed colorem for

" bentibus medicamentis : hoc cum fecere non
apparet in velis ; fed in cortinam pigmenti

" ferventis merfa poft momentum extrahuntur
picta . Mirumque , cum fi

t

unus in cortina

" color

1

66

66

in Numidia . And they muft neceffarily have known the blue
fcoriæ , alſo , that covers the ſurface of iron , obtained by fire
from thofe ores . From fuch arguments a

s thefe , Gmelin
contends that the blue glafs of the ancients was not coloured
with cobalt , but with iron . Vid Götting , gel . Anz 1776 ,

St. 42 .
* Lib . xxxvi . 26 .

+ Lib . xxxvi . 12 .

Diodorus Siculus , I. i . c . 20. 34
Plin . ix . 35
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*color , ex illo alius atque alius fit in vefte , ac
cipientis medicamenti qualitate mutatus , néc
poftea ablui poteſt * . "- -Surely this is a de
ɗcription o

f
the colouring o

f

filks .

-66

But let theſe proofs fuffice . Some o
f

them are

indeed not quite fo accurate , and others are ra
ther exaggerated : But we are not therefore to

-conclude , that though many chemical arts were

not invented by the Egyptians , they were not
cultivated fucceſsfully by them . Indeed , ifwe
credit Zofimus , they were acquainted with dif
tillations ; for which he deſcribes various veffels

and apparatus , although h
e paints them in the

rudeft manner . Of the firſt uſe of pitch Pliny
fays : " Lignum (tæda ) concifum furnis undique
igni extra circumdato , fervet : primus fudor
aquæ modo fluit canali : hoc in Syria cedrum
vocatur ; cui tanta vis eft , ut in Egypto cor
pora hominum defunctorum e

o perfufa fer

"ventur . Sequens liquor jam craffior picem

" fundit t . " Of this we may underſtand a dif
tillation per defcenfum . In what manner oil is

obtained from pitch he defcribes elſewhere t ;

that while it is boiling , fleeces o
f

wool are fpread

over it to receive the vapour , which is afterwards
expreffed from them . No doubt this is a pro
cefs of diftillation in its infancy .

Whether they understood xpuroring we cannot
learn from the antient monuments . Some au

thorsC 3

-66

.46

46

46

* L. xxxv . II .

+ L. xvi . 11 .

+ L. xv . 7
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thors infiſt, that is naturally to be inferred from
the immenſe wealth and power of the Egypti
ans. So many huge pyramids , obelisks , col
loffi , extenfive cities , and hanging gardens ; fo
many fepulchres , labyrinths , fubterraneous ca

verns , and other works of Herculean labour ,

which were formerly found , and ofwhich part

remains yet entire , could never have been erect
ed but at an incredible expence .

1

In Diodorus Siculus we find , that Seſoftris co
vered a ſhip of cedar with gold ; that on the top

of the fepulchre of Ofymandua , there is a circle

of gold of 365 cubits ; and that , in the time of
Ofiris , ftatues , and even entire temples , were

made of gold . But we dare not vouch for the
truth of thefe relations . However great might
be their riches , we are certain , that they had
no gold mines in the time of Hermes ; and that
thoſe which were afterwards difcovered were

wrought with great coft and labour , and with
very little profit : So that many are of opinion ,
the Egyptian kings worked theſe mines as a co
lour and pretext for the treaſures they had o
therwiſe amaffed . Herodotus and Diodorus

both make mention of a temple at Memphis
that was dedicated to Vulcan ; and the latter
adds , That the invention of all the operations
relating to copper , filver, and gold , and ofeve
ry other fubftance that is prepared by fire , was
attributed to this deity * . Under the name of

Vulcan
Bibl . Hift. 1. v. 1. 1. c. 13 ,

"
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Vulcan , they worſhipped fire itſelf, for they

believed that it was effentially neceſſary to the
creation and perfection of all matter * . Zofimus
calls Panapolis the ſchool of chemiſtry ; and Sy
nefius confirms this fentiment . Cedrenus in the

eleventh century throws more light upon this
queftion , for he fays , That " Faunus , named
elſewhere Hermes , το

υ
χρυσου τ

η
ν

φυσιν ( in other co"pies τ
η
ν

ποίησιν ) εξευρεν εκ μεταλλων † . ” But neverthelefs ,

all that has been faid does not , in my opinion ,

prove that the Egyptians underſtood the xpuoro

99

v , o
r

art o
fmaking gold ; and we know from

daily experience , that whole ſtates , ignorant o
f

this art , riſe to wealth and power by induſtry
alone . However , in ancient times , it is well af
certained , that vaft quantities o

f pure gold were
concealed in that quarter o

f

the globe , which
had been extracted from the foil there , or im
ported by commerce , o

r

wars with the neigh
bouring nations , and thus had increaſed their
treaſures .

This extraordinary rage of converting every
thing into gold feized all the chemiſts o

f

the

fourth century , As gold had been long confi
dered as the medium of exchange in the pur
chaſe of every commodity , the chemifts , who
were better acquainted with the various quali
ties of bodies than others , and who fawmira
cles rifing daily under their hands , and allured

C 4 alfo

* Ibid . l . ii . c . 2 .

+ Hift . Comp .

www.
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alfo by the love of gain , and perhaps by vanity
and arrogance , unanimoufly turned their atten

tion to the making of this moſt precious metal .
They knew that art could effect various changes

in the appearance of metallic fubftances ; and
wherefore fhould they think it not competent ,
by proper experiments , to form them in this
moft perfect character ?

This problem , however difficult it may ap
pear , no one had then demonftrated to be inca
pable of folution ; and , it may be added , that
not , even in our times , has its abfurdity been
proved . Therefore , not without ſome proſpect

of fuccefs , did theſe alchymifts employ number
leſs means to attain their object . But , it is evi
dent that they toiled in this occupation under no
good aufpices ; for their conftant perfeverance ,
labour , and expence , were not only employed

without fuccefs , but they themſelves wandering

from the true paths of philoſophy , and loft in vi
fionary dreams , began to entertain conceits hof

tile to the principles of ſcience . Encouraged
by the wished -for gain , they bent all their
thoughts , and every faculty of the mind , to the
folution of this myfterious problem ; fo that , had
any one been fo fortunate as to have obtained
the reward of his labours , he would have defer
ved the appellation of a covetous xpuroror , ra
ther than that of a fkillful chemiſt . Under the
dominion of fordid avarice , and miferably envi
eus , they impofed upon themſelves a ridiculous

filence ,
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filence , and , although they poffeffed fcarce any

fecrets for carrying on what they called the
great work , yet did they involve that art , which
they pretended to defcribe , in fo many abftrufe
hieroglyphics , figns , and expreffions , as not only

to prevent others from receiving information ,
but alfo to conceal their own ignorance under
the thick covering of fuch darkneſs . Some wri- ·

ters imagine , that the table of Hermes alludes
to this art , and that it is concealed alfo in the gol
den chain of Homer. Others , with more pro
bability , believe it to exift metaphorically in the
Golden Fleece of the Argonauts .- Johannes of
Antiochus , who lived during the reign of Hera
clius , and after him Suidas , are exprefsly of opi
nion, that it is underſtood in the Golden Fleece .

ὅπως δ
εῖ

δ
ια

χημείας χρυσον εργασεσθαι γεγραμμενον. Befides , it

is well known , that the ancients did not fpeak
only of books , under the name of ſkins ; but , as

we are informed by Plutarch , 200,000 books ,

that were taken from the libraries o
f

the kings

of Pergamus , and which Anthony prefented to

Cleopatra ,were a
ll written on the hides o
f

goats .

The profeffors o
f

this art explain to us the way ,

alſo , inwhich the knowledge of their great work
reached as far as Colchis . -According to Strabo ,

Sefoftris did not overrun Ethiopia , Trogloditica ,

and Arabia , only , but he paffed through all Afia ,

likewiſe , and erected temples in various places * .

From hence the antiquity o
f

chemiſtry among
the

* Geogr . 1. xvi .
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the Chineſe derives its origin : And further , it
is added , on the authority of Herodotus , Diodo

rus Siculus , Strabo , and Marcellinus , that the

Colchians were the remains of his army . In
confequence of finding cinnabar , (the bafis of

their great work), they determined to fix their
refidence at Colchis ; and afterwards , according

to Pliny , having obtained the virgin earth , they
extracted from it fuch confiderable quantities of
gold and filver, that they ſurpaſſed even the fu
perb Sefoftris in theirdiſplay of their riches , and in
all the fplendor ,which thoſe metals could give to
their apartments , their pillars , and various orna
ments .The leaders oftheſe new fettlers , initiated
in the facred rites ofthe Egyptians, now tornaway
from theirnative country , foon grew inattentive to
that fecrecy , in which, according to the cuſtom
of the Egyptian priefts , the art of chemiſtry was
inviolably preferved , and revealed the whole ,

under the myſtic repreſentation of the Golden
Fleece . They repented , however , too late of
their loquacity , when it led the Grecian plun
derers to undertake the Argonautic expedition .
Happily as all theſe relations feem to coincide ,

yet the account Strabo gives is worth the atten
tion of every one who makes the attainment of
truth the object of his enquiry . He ſays , that
the Iberians , near neighbours of the Colchians ,

uſed to receive the gold brought down from the
high lands by the torrents , into fieves and ſheep

fkins ,

* Lib. xxxiii . c. 3 ,
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fkins , and from thence arofe the fable of the
Golden Fleece . The feigned antiquity , there
fore , of the art , if it is not deftroyed altogether ,
is at leaſt rendered very fufpected . But although

Xpusov moιev, or egyada , may , in a literal fenfe ,

mean the making ofgold from it
s

firſt principles ,

yet , with many writers , it fignifies nothing elſe

than the feparation o
f

this metal from it
s

ores .

So , in the Latin tongue , he is called aurifex ,who
makes veffels o

r

other utenfils o
fgold . To make

oil furely can mean it
s expreffion only ; and fo on

a
s to other things . If Suidas is to be credited ,

many records o
f

this art were deftroyed by fire

in the third century * . Six hundred years be
fore him , Paulus Orofius , a Spaniſh prieft , relates
the fame ftory † . The emperor Dioclefian is
faid to have treated the Egyptians very cruelly ,

becauſe they rebelled againſt him , and to have
burnt all their books o

f

the chemistry o
f

gold and

filver , left they fhould draw fuch wealth from

that art , as to enable them , at a future period ,

to oppofe the authority o
f

the Romans . From this

account , however , we are not led to any conclu
fions : One thing only we will venture to affert ,

that chemiſtry , a
t

firſt ſeeming to fignify the in
timate knowledge o

f

bodies , came afterwards to

denote the making of gold and filver ; then af
fumed roots , the name of a facred and divine

art ; and lastly , with a foolish pride , was enti
tled

* In lexico .

Hift . 1. vii . c . 16 .
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tled alchemistry , as if xar tox , chemiſtry . The
word alchemiſtry is firft mentioned by Julius
Firmicus Maternus , a writer of the fourth cen
tury, and then in a remarkable manner . His
language , which favours much of aſtrologic in
fanity , is as follows : "Si fuerit domus Mercurii ,
" dabit aftronomiam ; fi Veneris , cantilenas et
" lætitiam ; fi Martis , opus armorum et inftru
" mentorum ; fi Jovis , divinum cultum fcien
tiamque in lege ; fi Saturni , fcientiam alche

miæ *." It occurs , however , but feldom be
fore the ninth century ; but , after that period ,

indeed very frequently . In the mean time , it
is proper to obferve , that in Suidas , as above ci
ted , as well as in John ofAntiochus and Cedre
nus , quoted before , the word alchemiſtry never

makes it
s appearance , but , inſtead o
f
it , x » u « as

only , which , in the times o
f

thoſe authors , ad
mitted various fignifications .

66

1

Let us now confider the manner in which the

Egyptians treated our ſcience . Proclus Lycius

commends them for preferving their inventions

upon columnst . And Galen ‡ , and Iamblichus §

aflert , that every new diſcovery was firſt a
p

proved by the common voice o
f

the prieſts ,

and then engraved without the author's name
upon the ftones o

f

the temple . Of the obelisks
above -mentioned

* Matth . 1. iii . c . 15 :

+ Comm . i . in Timæum .

L. i . contra Jul . De fimp . med . fac . 1. iv .

De myfteriis Ægypt .
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·

above-mentioned , one was made by the com
mand of Sefoftris, the other by that of King

Semnefert , in whofe reign Pythagoras vifited
Egypt ; which clearly implies an uninterrupted

progrefs in their inventions . Befides Diodorus
tells us , that the prieſts were in poffeffion of
fome writings ftill more fecret * ; and which Cle

mens Alexandrinus fuppofes to have been thoſe

of Hermes +. Plutarch alfot, and long before
him Sanchuniaton the Phoenician , make men
tion ofthem. The laft , according to Porphy

rius , was a great lover of truth . The fame is
faid of Philo Biblius, a man of great erudition
and thirſt for knowledge ; who being defirous to

learn the hiſtory of every nation , beſtowed his
attention chiefly to the writings of Taaut , as he
underſtood him to be the chief inventor of let
ters, and of writing in books . Philo quotes

a book of Hermes on the origin of the world .
Iamblichus affigns to him 36,529 books ; which ,
after the manner of thoſe times , were without
doubt very concife , and confifted of a few fen
tences only . In another place , the poſition is
further illuſtrated ; for he afferts, that his fol
lowers or difciples , fuppofing all fcience to have
owed it

s origin to their great chief , dignified
their works by his illuftrious name ; fo that we

can

* L. ii . c . 4 .

+ Strom . i .

De Ifide .

Eufebii Præp . Evang . I. i . c . 7 .
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can give but little faith , in thefe days, to the
title offuch books as are afcribed to Hermes .

We have already mentioned the writings of
the columns of Hermes , that were tranſcribed
by the ſecond Hermes into the facred books .
Manethus is faid χρηματίσας εκ τωνεν τη Σηριαδικήγη κείμενον
say, which is a divination of future events, ra
ther than a recital of circumſtances that had
already happened , Befides , in the preface de
dicated to the King , Manethus adds : ETOVTE
σοι περί τωνμελλοντωντω κοσμώγινεσθαι, καθως εκελευσαςμοι, παραφάνη

σεται ἃ έμαθον ἱεραβιβλια γραφονταύπο του προπατοροςΤρισμέγιςου Ερ

Mou . From which it is fufficiently clear , that
theſe columns did not contain an account of the
paft only, but that they in fome manner allud
ed to times to come ; perhaps from the fituation
of the ftars , as Hermes was ſkilled in aftrology .
Abulpharagius , alſo, relates, that the deluge

was foretold by themt . Whether any other
fecrets , eſpecially thoſe belonging to chemiſtry ,
were written on them , it is not poffible at this
day to determine ; the ancients , however , ap
prehended that there were .

Galen fpeaks of the medical writings ofHer
mes . Clemens Alexandrinus affirms , that he
had written 36 volumes on the fecrets of the
Egyptians , and fix on the healing art . Six of the
firft contained hymns , the duty of kings , and

fome
4

* Fragmenta in chron . Eufebii .
+ Hift. Dynaft.
De fimp . med . fac . 1. iv.
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I

F

1

fome things relating to aftronomy . Other ten
explained the myſterious modes of writing , treat
ed of the univerfe in general , of the earth , of
the motion of the fun , of the moon and planets ,
of Egypt , of the Nile , of confecrated places ,
and of facrifices . Ten others preſcribed facrifi
ces , hymns , ceremonies , feftivals , burials , and

many other things of a fimilar nature . The
third decade inveſtigated the nature of the foul
and of the gods *. According to Diodorus , the
facred books were entrusted to every phyfician ,

that he might learn from their preſcriptions to
to cure the fick .

Of the writings of the Mercuries fcarce any
are at this time to be found genuine . The ma
nuſcripts in the library at Leyden , honoured with
their names , ofwhich one treats of poiſons and
antidotes , and the other of gems , are of a much
later period . The fame may be faid of the
poemander , of Afclepius , ofthe fecret of the phy

fical Stone, of compofition , of alchemistry , of the
introduction to chemistry , ofthe phyfical tincture ,

of the feven chapters, and of the art of Agatho

damon ofmaking gold ; and of all the others at
tributed to Hermes , which were either printed ,

or lie yet as manufcripts in the duft of libraries .

Albertus Magnus afferts , that Alexander the

Great , in the courſe of his expeditions , diſcover
ed the fepulchre of Hermes , the father of phi
lofophers , filled with treafures , not ofmetallic

forms
* Strom . 1. 6.

1
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forms , but with golden writings , on a table of
zatadus, which is called elſewhere emerald * .

Whence he had this account he does not fay ;
but , although this tablet is not mentioned by any

Greek author , yet was it known , before him,

unto Avicenna , the Arabian Ariftotle , the elder

Zadit , and to others . W. C. Kriegſman reports
a tradition , that , fome ages after the flood , it was

found by a woman named Sara , in the hands of
the corpfe of Hermes , lying in a cave near the
Hebrus . This firſt Hermes he ſuppoſes to have

been Cain ; nor is it inconſiſtent with this opi
nion, that the woman who diſcovered the body
fhould be the wife of Abraham. The tablet
was written in the Phoenician character . As it
is but ſhort , and reſembles the fymbols of the

alchemifts , it may not be improper to introduce .
it here in its Latin dreſs , in which the propriety
of the original context is preferved , by the ſkill
and labour of Kriegſman .

"

DESCRIPTION OF THE SECRETS OF HERMES

TRISMEGISTUS .

1. Vere non ficte , certiffimeque aio.

2. Inferiora hæc cum fuperioribus illis , iftaque

cum iis viciffim vires fociant , ut producant
rem unam omnium mirificentiffimam .

3. Ac quemadmodum cuncta educta ex uno fuere
verbo Dei unius ; fic omnes quoque res perpé

tuo

* De fecretis chymicis .
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tuo ex hac una re generantur difpofitione na
tura.

4. Patrem ea habet folem, matrem lunam : ab
aere in utero quafi geftatur , nutritur a terra.

5. Caufa omnis perfectionis rerum ea ef
t

per uni
verfum hoc .

6
. Ad fummam ipfa perfectionem virium perves

nit , fi redierit in humum .

7
. In partes tribuito humum ignem paſſam , at

tenuens denfitatem ejus re omnium fuaviffima .

8 Summa adfcende ingenii fagacitate a terra in

cælum , indeque rurfum in terram defcende ,

ac vires fuperiorum inferiorumqe coge in

unum : fic potiere gloria totius mundi ; atquè
ita abjectæ fortis homo amplius non habere .

9
. Ifthac jam res ipfa fortitudine fortior exi

ftet : corpora quippe tam tenuia , quam fo
lida penetrando fubige .

10. Atque fic quidem quæcunque mundus continet
creata fuere .

11. Hinc admiranda evadunt opera , quæ ad
eumdem modum inftituuntur .

12. Mihi vero ideo nomen Hermetis Trismegifti
impofitum fuit , quod trium mundi fapientiæ
partium doctor deprehenfus fum .

13. Hæc funt , quæ d
e

chemica artis præftantiffimo
opere confignanda effe duxi .

Shroeder afferts , that this autographic tablet

is ſtill to be ſeen at Turin * ; if fo , it ought fure

ly to be attentively examined and defcribed .

D
Loc . cit .

It
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It was firftmade public by Bernhard Canefius
the alchemiſt , as we are told by Kircher * ; and

that it contained the theory of the moſt valua

ble effence , which they call the elixir of life ,
In thepotable gold , and the fifth effence .

year 1657 , W. C. Kriegfman explained the u
niverfal mercury of the philofophers , and G.

Dorneus gave an account of the practice ofme

dicine , entirely upon the principles of chemi
ftry .
As to the works ofother authors which relate

to this fubject , none have as yet appeared ex

cept fome written in Greek , or tranflations from

that language , and all of them alchemical . Ma

ny of theſe are fpurious , as the Effays of Ifis ,

addreffed to herfon Horus , and the Chemistry of
Horus. Of Mofes and Maria , Jews ; of Sophar

from Perfia ; of Democritus the Abderite ; and

other Greeks , we ſhall ſpeak in another place.

Leo Allatius , a Grecian , and with him Borri

chius , both condemn as fuppofititious the works

of Comarus , or Comanus , a priest , inftructing

the Queen Cleopatra in the fecret of the
philo

fopher's ftone ; alfo the works of the Queen her

felf on weights and meaſures , on the making of
gold , and the prefervation of beauty . The au
thors of theſe productions have attempted to

gain both credit and attention by the ſplendour

of illuftrious names .

* Œdipus

We
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66

We fhall proceed to make fome few obferva
tions on the theory of the Egyptians refpecting

the principles and compofition of bodies ; as well
as the mutilated fragments and enigmatical man

ner ofwriting will permit , and the various alle
gorical expreffions , which allow fuch different
interpretations . Not Oedipus himſelf would be
able to explain many of theſe . In Philo Biblius
we find the following extracts by Sanchuniaton
from the commentaries of Taaut on, the origin

of the world : " Principium hujus univerfitatis .
ponit aerem tenebrofum ac fpiritu fœtum , feu
"mavis tenebrofi aeris flatum ac fpiritum chaof
que turbidum, atraque caligine circumfufum .

"Hæc porro infinita effe , nullumque nifi longo
" fæculorum intervallo terminatum habere . Ve
rum, ubi fpiritus amore principiorum fuorum
flagrare cœpiffet , eumque fimul effet mixtio
" confecuta , nexum hunc motuum Cupidinem
appellarunt . Is quidem rerum omnium pro
" creationis principium fuit . Spiritus vero fuam
ipfius procreationem minime agnofcebat . Ex
" hac illius conjunctione prodiit Mor , id quod
" limum nonnulli , alii aquofæ mixtionis corrup
" tionem effe volunt , ex qua fecuta productionis
ii
femina , ipfaque adeo rerum univerfarum gene

" ratio extiterit . Ceterum animantia quædam
" erant omni fenfu carentia , quæ poftmodum
intelligentia præditos animantes procrearunt .

Eos illi Zophaſemin , hoc eft , cœli contempla
D 2 " tores

66

66

66

66

66

:
66



52 OF THE ORIGIN OF CHEMISTRY ,

<<

" tores nominarunt , in figuram ovi conformatos .
" Illico autem MoT , cum fole , luna , ftellis , ac
reliqua majorum aftrorum multitudine emicu

" it.Cum igneum fplendorem aer emififfet
ex ardenti maris ac terrarum inflammatione ,

" venti nubes , magnoque ruentium impetu cœ
" leftium imbrium ac nimborum effufiones ex
" ftitere : Cum autem hæc omnia , quæ diſtincta
paullo ante , ac propter vehementiorem folis

"æftum a propria fede disjuncta fuerant , in eo
committerentur , tonitrua fimul ac fulgura pe

perere ; quorum ad tonitruum fragorem , de
fcripti antea intellectu præditi animantes ve
"lut a fomno excitati , horrendoque fonitu ex
territi , mares pariter ac fœminæ , tam in ter
" ra, quam mari , movere cœpere .""*
Here we find fome appearance of a tradition
concerning the creation of the world , which,
though fo near the period of which it treats , is
loaded with fictions , and diſguiſed with perfoni

fications . Cofmogony , which has , in a wonder
ful manner , furpaffed all the powers of nature ,
muft neceffarily be a great obftacle to the moſt

fagacious inveſtigation , not founded upon the
principles of divine revelation . Beſides , they
feem to have attributed a triple nature to all bo
dies , which they indicated hieroglyphically ,
under the names of Ofiris , Ifis , and Typhon , or
of God , Air, and Night , fignifying , perhaps ,

the

56

46

66

66

66

* Eufebii Præp . Ev. 1. 1. c. 10 .
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the active Cauſe , the paffive , and dead terreſtrial
matter * .

By divine energy they underftand fire and
the ſpirit of the world ; by the paffive æther,
they mean fomething eternal , immaterial , and
homogeneoust ; and by mortuum malum , the
inert matter of the earth . By the intervention
of this fpirit , they apprehend an uninterrupted
communication is maintained between fuperior

and inferior beings t . This fyftem is affigned to
Hermes , as he produced every thing by the
means of two elements , Fire as acting , and Earth

as acted upon §. They taught , that , by fome
internal feparation , fermentation , or putrefac- .
tion, all bodies fprung from their feeds , were
changed , increaſed , rendered perfect , and de
ftroyed . In theſe opinions fome traces of a
more intimate acquaintance with nature may be
diſcovered : From which, it may be inferred ,
much light would be thrown upon natural phi
lofophy from their doctrine , if we poffeffed it
entire , and unclouded with fictions . The un
connected fragments only of it have reached us,
and thefe collected by foreign writers ; who , ig
norant of the relation of the different parts of
the ſyſtem , have fupplied many things from

D3 conjecture ,
* Plutarchus de Ifide et Ofiride .
Plato. Pythagoras .
Porphyrius in vita Plotin.
Burgrave in Bibl.
Diodorus, 1. i. c. 13 .
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conjecture , and given to others a falſe interpre
tation .

SIV. The State ofChemistry among the Greeks.

THE Greeks , after they were inftructed in the

uſe of letters by Cadmus , cultivated various ſci
ences ; but , for a long time they paid no atten
tion to Natural Philoſophy, being more occupied

in fpeculation and debate , than in obfervation
and experiments . From hence ſprung that va
riety of fects and philofophers , fome of whom
wandering about , difplayed their wisdom thro'
ſeveral cities , with a view to profit ; others , how
ever, influenced by nobler motives , had a fixed

abode , opened public academies , and taught

their doctrines freely and without reward . But
they were both led into a fubtlety of difquifi

tion and argumentation , highly inimical to the
defign of diſcovering phyfical truths . There
fore , the prieſt of the Egyptians of Sais fays :
Oh Solon , Solon , ye Greeks will be always
" children : There is not one grey head among
you, nor any ferious kind of inftitution *.
They reſemble boys in their loquacity and in
ability to propagate : And , although wifdoin
" falls from their tongue , their actions are weak
" and puerile + ." The words of Diodorus are
remarkable : He fays , That " Orpheus , Mufæus ,

" Melampus ,

66

66

66

��

Plato in Timeo.

Bacon .

·
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Melampus , Dædalus , Homer , Lycurgus , So
lon, Plato, Pythagoras , Eudoxus , and Demo
" critus the Abderite , all went into Egypt , and
they doubtleſs learned there all thoſe things
" which rendered them afterwards famous a
mong the Greeks *. Plato and Eudoxus affo
" ciated during thirteen years with thoſe prieſts
" in Egypt , whomoſt excelled in the knowledge
" of celeſtial things : But , for a long while , they
kept it in the greateft fecrecy , and would not
deign to impart it to any one . At length ,
" fubdued by time and humble intreaty , they
"difcovered fome few things ; but the greateſt
part they concealed entirely from the barba

" rians t." Pythagoras fuffered himſelf to be
“ circumciſed , that he might have access to the
fecret depofits of the Egyptians , and learn their
myftic philoſophy , Iamblichus fhews clearly ,

that Pythagoras and Plato both had acquired a
variety of knowledge in Egypt , from the co
lumns of Mercury § ; and Thales the Mileſian
firft brought geometry and aftronomy into
Greece from Egypt , about 530 years before
Chrift | . Before the time of Pfammitichus ,

660 years before our Saviour , the Greeks

were not permitted to enter Egypt ¶ ; but ,
D 4 afterwards

LL

66

66

66

66

66

* L. ii. c. 4. i. c. 69, 81 , 96.
+ L. xvii.
Clemens Alex . Str. i.
Demyft . Egypt .
Diogenes Laertius .
Herodotus . Strabo .
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afterwards , many of them vifited that coun
try, and even choſe their refidence in it ; and fol
licitoufly endeavoured to open an eafier com
munication with their fecrets : when , through

Alexander the Great , Egypt became fubject to
the Macedonian yoke , 332 years before Chrift,

under the reign of the Lagidi , the moſt celebra
ted were received into the new academy of
Alexandria. But it was the fate of all thofe ,who

travelled into Egypt to be but little eſteemed
in their own country ; for , whatever fublimity

of knowledge they poffeffed , they communicat
ed it at home fo very myfteriouſly , as to be in
telligible to a very few. In the mean time ju
dicial aftrology , mufic , and aftronomy , were
cultivated by them with great fuccefs ; and ,
though they were obliged to yield to the Egyp
tians in art's great undertakings , and in the
magnitude of their works , and immenfe labour
and expence ; yet were thefe , in their turn ,

forced to acknowledge the fuperiority of the
Greeks , in the elegance and form which their
artiſts gave to every thing , ſtrictly imitating na
ture ; and in every work that depends upon fan
cy and imagination . In natural philofophy
they laboured with lefs advantage , unleſs in
ſtructed by the Egyptians . An Alexandrian
fect being eſtabliſhed among the Greeks , in the
third century , the fecrets of chemiſtry were
ftill more obfcured in darkneſs , and became dai

ly
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ly more involved in new enigmas, parables, and
numberless Platonic and cabaliftic modes of ex
preffion . Greece and Egypt being equally fubject
edtothe power ofRome , ſcience alſo was reduced
to flavery , and was , at length , almoſt finally
extinguiſhed by the conquefts of the Saracens .
Chemical arts made a much flower progreſs

among the Greeks than among the Egyptians ,

Ores were found in two places only . Thoſe
of the iſland of Thafo , in the Egean fea , yielded
gold , and thoſe diſcovered in Laurus contained
filver. But the Corinthians were acquainted

with three metallic compofitions , formed in a
particular way , by fire , and remarkable for their

colour ; one had all the white ſplendor of filver ,
another the yellow hue of gold , and the third
contained an equal proportion of both * . They
feem to have carefully concealed theſe prepara

tions , which were no other than of zinc and
copperit . Copper takes its name from the i
fland of Cyprus , in which it was firft diſcovered .
Pliny reckons the cerufe of Rhodes to be by far
the beft . According to Theophraftus , mi
-nium (cinnabar ) was known to Callia , the Athe
nian , about five , hundred years before Chrift ,

who

* Plin . xxxiv . cap. 2 .
The preparation of orichalcus , with copper and lapis -ca

laminaris was known to the ancients : Vid . Pliny , l. 34. Diofco
rid. 1.v. c.85 . The proceſs ofmaking ſteel , by heating iron a
mong coals is mentioned by Ariſtotle , met . iv . c.6. and Plin .
1. xxxiv . L. xxxiv . 8 .£.
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.

who imagined that it contained gold ; but , from
making ſeveral experiments without fuccefs ,

he learned the uſe of it as a pigment * .
Philippus Comicus , writing of thoſe times

before the origin of the Grecian monarchy , af
ferts , that Dædalus took apyʊpov xurov to animate a

wooden ſtatue , the knowledge of which metal
he no doubt owed to the prieſts of Memphis ;
but, that Hermes ever obtained it from cinna

bar, we can fcarcely believe . Theophraftus

Erefius and Ariſtotle ſpeak alſo of this metal † .
Sculpture and ftatuary , though , perhaps , they

did not owe their riſe , yet were they indebted
for their perfection to the images of the gods .
Dibutates , the Sicyon potter , was the firſt that

wrought clay, at Corinth, into various figures
and likeneffes . Some indeed are of opinion ,
that Rhecus and Theodorus , in Samos , had in

vented the plaſtic art , long before the Bacchia
dæ were driven from Corinth . Before the ta
king of Troy , Dædalus the Athenian carved
figures on wood ; but Dipoenus and Scillis ,
born in the iſle of Crete , about the fiftieth Olym
piad (576 years before Chrift ) were the firſt
who fignalized themſelves by fculpture in mar
ble S. The moft ancient feals of the Greeks

bear

1

*

*De lapidibus .
Met . 4. 8. De anima, 1. i.
Pliny xxxiv. 12 ,
Pliny xxxvi . 4.
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bear a strong reſemblance to thoſe of the Egyp
tians , as Pliny writes ; from whence it appears
clearly , where they had been taught : although ,

following the footſteps of Phidias the Athenian,

who lived 450 years before our Saviour , they

carried this art to the greateſt perfection * . They
did not cut and engrave ivory , pearls , corals ,

and marble only , but they worked in bafaltes,

porphyry , and the hardeſt gems . On agates
and cornelians they engraved chiefly concave
figures ; on onyx they raiſed them convex , of
ten forming the head or image of the opaque

ftratum , lying on a furface more pellucid , and
which they could darken at will , by a little pig

ment placed below it. Their later works of
fculpture and engraving are what we now call
antique , and are in high eſtimation ; and , on ac
count of their perfect form , and exquifite poliſh ,
have become models for the imitation ofmodern
artiſts .

Long before the age of Homer, the Greeks
knew how to melt , temper , caft , engrave , and
cement metals . Rhocus and Theodorus feem to

have fully underſtood the art of cafting copper ;
which , according to Pliny , took its rife along

with painting , under Phidias f. He reckons
366 maſters in this art 1 ; and defcribes various

temperatures

* Pliny xxxiv . S.
Pliny . xxxvi . 5. See Heyne .
Pliny , xxxiv .
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8

temperatures of metals * . The caſting of ſta
tues reached its height inthe time of Praxitelis ;
although he is reported to have been more fuc
ceſsful in marble than in coppert . The name
ofChares the Lindian is rendered immortal by
the coloffus of the fun at Rhodes , which mea

fured 70 cubits in height . This immenſe fa
bric, compleated in 12 years , at the expence of
300 talents , (about 274 years before Chrift ) was
hollow within , and filled with ftones ; and with
out doubt muft have been caft at different inter
vals of time . After ftanding 56 years , it was
overthrown by an earthquake ; and lay proftrate

where it fell , for nine centuries , until A. D. 651 ,
when it was fold in lots . Nine hundred camels

were loaded with the different pieces ‡ ; and if
we fuppofe each camel to carry 800 pounds , the
weight ofmetal in the whole ftatue will amount
to the enormous fum of 720,000 pounds .
Tychius a Boeotian is faid to have invented the

art of preparing leather § .
Chemical filtration through wool is clearly de

ſcribed by Plato || . Hippocrates underſtood cal
cinations . Galen gives an account of the bal

neum

* Ib. xxxiv. 9.
Ibid . xxxiv . 8 .
Pliny , xxxiv. 7. Cedrenus.

$ Pliny .
In Sympofio .
De hæmorrhoidibus , and elſewhere,
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6.

My

neum Maria, where he uſed oil inſtead ofwater * .

He fpeaks of fublimation †, and diftillation per

defcenfum likewife . Diofcorides , who was the
great friend and follower of Cleopatra , the moſt

luxurious of women , appears not to have been
wholly unacquainted with diftillation , as he
fpeaks very plainly of aux , to which afterwards

the Arabian particle al was added § . On look
ing into Pliny , we find a deſcription of a fimilar
proceſs for extracting quickfilver from cinnabar :
" Patinis fictilibus impofitum (minium ) ferrea
" concha calice (a ) coopertum , argilla fuper
" illita ; dein fub patinis accenfum follibus con
" tinuo igni , atque ita callicis fudore deterfo , qui

fi
t argenti colore e
t aquæ liquore . " But certain

ly Galen knew nothing of this art ; for he ſays :

Non multum abeft , omnia vellem fubire peri

"cula , fiquammachinam , artemve invenire liceat ,

" ficut in lacte contrarium partium , fic et in ace

" to , feparandi | . " He thought , however , that

a lixivium could be made with waſhed afhes ;

and therefore had fome idea of alkaline falt , e
ven of the cauftic kind . But he feems to have
been wholly ignorant o

f reducing them to a dry

ſtate.In the iſland of Lefbos they had à ma
nufactory o

fglaſs ** .

* De fanitate tuenda , 1. iv . c . 8 .

De medic . fimp . fac . 1. ix .

De facile parabilibus .

Mat . med . 1. v . c . 110 .

De med . fimp . fac . 1. i .

** Athenæus Deip .

#

Ibid . c . 14 .

In
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In this place may be remarked the invention
alfo of Callinicus the architect , who , when he
had fled from Heliopolis in Egypt toConftantino
ple , diſcovered the marine fire , ( upBaadio )which
they call Greek likewife ; and burnt during win
ter the fleet of the Saracens at Cyzicus * . This
fire , when thrown into the water , acquires great
er force , flies about violently in all directions ,

confuming every thing in its way that is the
leaft combustible . Conftantinus Pogonatus ,

who was then on the throne , and his fucceffors ,

uſed it with advantage in their wars with the
Saracens. It was reckoned one of their valua
ble fecrets ; and as fuch has been faithfully kept ,
for we are not in the leaſt acquainted with its'
compofition .
Among the writers on chemistry I fhall not
reckon Orpheus +, Homer, or Pindar , and ſeveral
others of the fame kind ; as no one has demon
ftrated , that the fable of the golden apples of
Hefperis , of the Hydra conquered by Hercules ,
of the Phoenix rifing from its own afhes , of the

golden

.

* Cedrenus .
Orpheus is the reputed author of the Argonautic hymns ,

and a fingular book , entitled paid , which treats of the
fecret nature of ftones , and explains their virtues in the offer
ing of facrifices , and rendering the gods propitious . The
ftones mentioned in this book are nearly the following :
Κρυσαλλος, γαλακτίτης, πετραχες, αχατης, κέρας ελαφο, βαρβαροςλίθος,
ασπις , τοπάσιος, οπάλλιος, μαγνητης, αερίτης, γαλατης, σκορπίος, κορυφώ
dns, xupaakiov, veuriens, xxbacios
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golden fleece , and fimilar ſtories , contain any
allufions to the ſcience of chemiſtry .
In thoſe works which are attributed to Pytha
goras and Plato , many fubjects of chemiſtry are
to be found ; but they relate more to theory

than experiment . Of the Greeks fcarce any
one had imbibed fo much knowledge from the
Egyptians as Democritus , who was born about

458 years before Chrift at Abdera in Thrace .
Seneca reckons him the moft ingenious and

acute of all the antients ; as he diſcovered the
method of diffolving ftones ; of making artificial
emeralds , and tinging them with any colour ; of
foftening ivory ; and was the author of many o
ther uſeful inventions *. And Petronius alfo
ſpeaks of him, that he expreffed the juice of all
plants , and that he paffed his whole life inmak
ing experiments on the different properties of
foffils and vegetables f.
Often laughing at the follies ofmankind , he
was confidered by the vulgar to be difordered in.
his underſtanding ; and Hippocrates being called

in to cure him , foon found him to be the wifeft

man of the age. In his prefence he determined
the colour of an animal by looking at its milk
only ; and did many other things equally won

derful , if we admit the veracity of Diogenes
Laertius . With fo much earneftnefs did he ap

ply

* L. xiv. ep. 41.
In Satyrico .
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1

ply himſelf to the ſtudy of nature , that he de
clared , he would prefer the difcovery of one
caufe in the works of nature , to the poffeffion
of the Perfian monarchy * . Syncellus fays , that
he obtained the celebrated name of Natural
Philofopher from Oftane the Mede , who was
fent by the kings of Perfia for the government
of religious affairs into Egypt.By him
Democritus was initiated , and inftructed in the

facred writings , in the temple of Memphis , a
mong priefts and philofophers ; with whom was
Maria , a Hebrew woman , ſkilled in all kind of
learning , and Pammenes . He wrote of gold,
of filver, of ftones, and of purple colour , in the
fame enigmatical manner that Maria did . Yet
both Democritus and Maria are praiſed for this
myſterious and dark ſtile , in which they have
buried the art ; while Pammenes is blamed for
having written fully , and with perfpicuity †.
Diogenes Laertius afferts , that he wrote p

alfo T
e
p
t

: Ofwhich Zofimus fpeaks thus :

Δημοκριτοςλεγει , δόξαιλίθον , τον 8 λιπον , τονατιμον και πολυτιμον , τονπου
λύμορφονκαι αμορφον, τον αγνοσονκαι πάσι γνosovg' τονπολυονομόνκαι ανό

Yet may it be doubted , whether Demo
critus ever treated o

f

the philofopher's ftone ,

when fome will have the title o
f

the work ſtand ,

And befides his treatiſe d
e folis et lu

næ tincturis , e
tpurpura , there is another attri

ποιήσεως,

νυμον .

περί λίθων .

buted

* Dionyf . Alex . apud Eufebium , xiv . 27 .

Chron . p . 248. Vid . Eufebius .

4
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buted to him , de lapidibus pretiofis . Others al
fo believe the Phyfica and Myftica to be his : But
it is not yet afcertained that any of theſe are
genuine , and which is entitled to his name.
Vitruvius ſpeaks of xoxμnra *, which are ſo cal
led on account of the waxen marks ftamped
with a ring which he uſed to put to all thoſe
paradoxes that he had found to be true ; or be
cauſe he inferted nothing into that book but
from his own obfervation and experiments .

Ariftotle the Stagyrite , in his third and fourth
book ofMeteorologics , treats of foffils , dividing
them into andορυκτα μεταλλευτα. His difciple The
ophraftus Erefius wrote p , and although

he was ignorant of chemical analyfis , yet he
deſcribes ſeveral qualities , and ſometimes their

condition by fire . Diofcorides of Anazarba , in
the first century †, and Galen in the ſecond t ,
enumerated all thoſe minerals that were uſed in
medicine .

There is yet extant a manufcript chemical
treatiſe of Porphyrius in the third century , a
work of Iamblicus in the fourth , and an Iambic
poem of Heliodorus , to Theodofius the Great ,

Ofthe mysterious Art ofPhilofophers . The fifth
century produced the tinctures of Perfian cop
per and Indian iron , by Philip of Sides ; the

E Elay

* L. xỉ. C. 3 .
Mat . med.

Simp . med fac.
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Effay of Diofcorus , the high priest of Sera
pis in Alexandria , and the Letter of Synefius to
the fame Diofcorus ; being a comment on the
Tincture of gold and filver of Democritus .
Zofimus mentions this , who , therefore must have

lived after theſe philofophers ; but it is impof
fible , in a general ſketch only , to fix the age of
every one with perfect accuracy .
Zofimus of Panopolis , fo highly eſteemed by
the alchemifts , was alfo referred to the fifth cen
tury . His work , Of the Compofition ofWaters ;
of the facred and divine Art ; of Virtue, and In
terpretation ; of Inftruments and Chimnies ; of the
Afbeftos ; and his myftic treatiſe and writing to
Theofebia , are all preferved in different libra
ries : None of them however have yet been
printed .

Olympiodorus , who lived a ſhort time before

the emperor Theodofius , has commented upon

the practical treatiſe of Zofimus , of the manner
of working, and upon thofe which are attribut
ed to Hermes , and others refpecting the making
of gold .
Theophraftus the philofopher , on the facred
and divine Art ; Hierotheus on the Philofo
pher's ftone, on the facred Art, and the Method of
making Gold ; Archelaus on the chemical Art;
Anepigraphus on Chryfopoica , and the way to
whiten divine Water; Pelagius on the divine and
facred Art ; Eugenius on the facred Art, and the

chemical
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chemical Secret ; Cofmas onChryfopoiea ,andmany
others , are of fuch obfcure origin , that it will be
impoffible to arrange them in chronological or
der, fo long as they are kept from the prefs ,
concealed in ancient libraries * .
But the abfurdities of alchemiſtry daily in
creaſed , and were blended with fcholaftic follies

and the cabaliftic frenzy of Pythagoras , until
the ſeventh and eighth century , when chemiſ
try , and every other ſcience , became involved

in chaotic darknefs , and oppreffed by horrid
barbarifm .

A nation too much inclined to hypothefis and
fanciful conjecture was likely to give birth to
various theories ; but , of theſe it is apprehended ,
that they differed more in words and outward
appearance , than in their true principles . We
ſhall ſay nothing of cofmogony , as it abounds
with fuch nonfenfe ; but , we will touch on a
few of their opinions , reſpecting the nature and
principles of bodies . Thales the Milefian , the
founder of the Ionic fect , about 600 years before
our Saviour , preferred the ſtudy ofNatural Phi
lofophy to all other ſciences .

He held water to be the principle ofallmaterial
fubftances , from which they all proceeded , and
into which they were all to be finally refolved .

E 2 Some

* Ofthe writers on chemiſtry , thofe to be chiefly com
fulted are Libavius , O. Borrichius , andH. Conringius .
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Some , however , are of opinion , that he confi
dered it as the univerſal vehicle only *
Anaximenes the Milefian , the third teacher
of that fchool , about 100 years afterwards , con
tended that air was the firft general principle ;
Heraclitus was for fire + , and Hefiodus for
earth .

Pythagorus of Samos , about the middle of
the fixth century before Chriſt , travelled into
Egypt , Arabia , Judæa , and Italy , and taught in
the moſt abftrufe manner , for feventy years at
Cremona . He was the founder of the Italian

fchool , and ſtill fhines , by the ſplendour of his
knowledge , like a fun in the hemifphere of
ſcience and learning . From the teftimony of
Plutarch , we learn , that he propoſed to himſelf

a perfect ſyſtem of the world . Being initiated
in the facred rites of the Egyptians and Chal
deans , he fet a great value on mathematics ; and ,

perhaps , his partiality for this fcience led him

too far , when he concluded that not only this
world was made by number , weight , and mea
fure , but that there was a fingular power in
numbers and figures . According to his fenti
ments , fire was of a pyramidal form , air was oc
tahedral , water was icofahedral , earth cubical ,

and the globe itſelf dodecahedral ‡ . Hence pro
ceed

* J. M. Verdries phyf. p . 283 .
Plutarchus de plac . philofoph . vid . Olzarius de principio

rerum naturæ ex mente Heracliti .

+ Plutarchus .
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ceed the five regular folid bodies of Pythagoras ;

and which , on account of fome phyfical virtue
expected from them , have been confidered by

Euclid geometrically . Ecphantus afferts , that
his Monades were corporeal . Ariftotle gives
magnitude to them ; from whence fome fay
they were the fame as atoms , and think that
Pythagoras was taught by the difciples ofMof
chus in Phoenicia . He likewife ftudied magi
cal medicine ; but, whatever has been reported

of his phyfical tenets , is yet obfcured in all the
darkneſs of mystery . It is faid he lived 105
years .
Leufippus and Democritus were followers of
the Eleatic ſchool , about 450 years before Chrift :

But they denied the tenets of their teachers ,
which deftroyed the teftimony of the fenfes ;
and, laying afide harmonies , ideas , qualities , and
elementary forms , they contended that the bo

dies themſelves were prefent , and examined

their figure , motion , fituation of parts , tenuity ,

and other properties . Democritus afferted , that

all bodies were compofed of indiviſible and im

mutable atoms, which, having only figure and

motion , were deftitute of tafte , colour , and every

other quality ; and , that , by the union of theſe ,

bodies were created . The vacuum profcribed

by Thales, he recalled again , and maintained
that the ſea was conftantly diminiſhing *. This

E 3 manner

* Diogenes Laertius .
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manner of philofophizing was followed by Epi
curus the Athenian , at the beginning of the
fourth age , who , from the various modifications
of light upon the furfaces of bodies , firſt taught

the origin of colours *.
Towards the end of the 4th century before
Chrift , Plato imagined every thing to depend
upon three principles , God , Matter , and Idea .

According to this hypothefis , Matter was infi
nite and eternal ,and deprived of all qualities , and
bodies were created from it by ſome ſecret mov
ing power . God was a pure fpirit not to be ap
prehended butby the mind only ; and Idea was

the eternal model according to which God
had made the world . He conceived matter

to have had in the beginning a triangular form ,
from which the feveral elements were produced .
In the order of creation , he affigns the first place
to fire and earth , as without them nothing can

have exiſtence ; next he places air and water ,"
which he contends may be mutually converted
into each other : To thefe he attributes particu
lar faculties , as heat , drynefs , cold , and moiſture .
He defcribes fermentation to be the motion and

evolution of earthy matter by the air that is
contained within it +.

Ariftotle , the difciple of Plato , although he
infome meaſure forfook the doctrine ofhis maſter ;

yet

* Lucretius de natura rerum .
+ In Timeo .
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yet, with refpect to the theory of the elements ,

he nearly entertained the fame opinion . He ef
tabliſhed three principles , Form , Privation , and

Matter , and four fpecies of cauſes : the Materi
al , from which ; the Formal , according to which ;

the Efficient, by which , and the Final , for which ,
all things were made . He maintained two ele

ments , fimple and contrary , as Fire and Earth ;

between which Water and Air held a middle
place . He denied the exiſtence of a vacuum .
He imagined that animals were produced by
putrefaction and natural heat ; and advanced
many other opinions , which were revered as ora
cles for feveral ages f.t .
As the particular theories of the Greeks were
feldom founded upon obfervation and experi

ment , but were rather the monstrous concepti

ons of prejudice and frivolous imagination ; it
may appear to the reader that we have dwelt
fufficiently upon the fate of chemiſtry as it
flouriſhed among them. We fhall therefore
proceed to give fome account of this fcience ,
rather more general and mifcellancous .

Sv . Traces of Chemiſtry difcoverable in various
Parts of theWorld.

THOUGH from the want of proper monuments
and records among other nations , we ſhall not

E 4
Bruckeri Hift . Phil . Crit .

be
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A

;

be able to give fo full an account of chemiſtry
as we could wiſh ; yet we think it will not be
unacceptable to the curious reader , to lay before

him the principal facts and circumſtances that
we have collected .

There is no doubt , that the Ifraelites carried
with them into Afia a confiderable portion of
the knowledge of the Egyptians . Their leader
Mofes was inftructed in all their doctrines * ; and
according to Philo , had learned from them a
rithmetic , geometry , rythmus , metre , the the
ory of harmony , and their various mufic , and
their philofophy , written in fymbols in their fa
cred books t . That he was acquainted with
precious ftones appears from the bible ; and

with the art alſo of cutting and hollowing them

and granite §. The preparation of the oil of
facred unction , and the most holy perfumes , ac
cording to the precepts of pharmacy , indicate
no lefs a degree of ſkill . He made , befides , a
moft fplendid brazen ferpent ; and he gives an

account of fix metals , gold , filver , copper , iron ,

tin , and lead ¶. And the profeffors of chemif
try confider the pulverifing and diffolving of the
golden calf as a perfect fpecimen of his know
ledge of their art . No doubt , if the calf were

all
* A&ts vii. 22 .
In vita Mofis.
Ex . xxviii . 17. —20 . xxxix . 10.—IZ.
Ex. xxx. 22-25. 34. 35.
Numb. xxxi . 9. and xxxi . 22 .
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all gold , that the diffolution of it required con
fummate art ; unlefs perhaps he ufed the hepar
fulphuris, of which 16 parts will act upon one
of gold ; and the whole might afterwards be re
duced into powder , and rendered foluble inwa
ter . Some writers infift , that the calf was made
of wood , covered with thin leaves of gold ; and
if fo , the reduction of it could be effected with
out any chemical operation . But Mofes fpeaks

alfo of thread dyed of various colours ; of the
expreffion of oi

l
; o
f

fermented leaven † ; o
f

the
vinegar o

f

wine t , and other chemical products .

And there are not wanting feveral who , in theſe
days , contend , that under Urim and Thummim

were concealed fome chemical fecrets § . In the
time of Abraham , mention is made of butter || .
Job , who lived before Mofes , underſtood fer
mentation , the ſprinkling o

f glaſs with gold ,

and metallurgic operations T
.

David was ac
quainted with the purification o

f

filver in a fur
nace ** . Solomon , whofe wifdom furpaffed all

the philofophy o
f

the Eaft and o
f Egypt H ,

fpeaks o
f

filver drofs . Jeremiah mentions
foap ;

* Vid . Michaelis .

† Exod . xxvi . 1. xxvii . 20. xiii . 3 , 7 .

Numb . v
i
. 3 .

D. Schroeder , 1. c .

Gen. xviii . 8 .

Chap . xxxii . 19. xxvii 15 , 17. xxviii . 1 , 2 .

** Pfal . xii . 7 .

++ Kings iv . 30 .

Prov . xxvi . 23 .
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.

foap ; and Siracides , the covering of earthen
veffels with a cruft of glafs +. Elifha , by adding

falt to water , rendered it fapid ‡ ; and ſo of ſe
veral other inſtances that might be adduced of
the early acquaintance with chemical arts . But
theſe that we have already given , though they

diſcover inventions of general utility in com
mon , yet do they not betray the leaft figns of
ingenious and fubtle theory .

•

Thoſe comments on chemical compofition

and duplication in the royal library at Paris ,

written in the Greek language , and which are
affigned to Mofes , do no doubt acknowledge a
later author . The Practice of Chemiſtry , and
Experiments on the Philofopher's Stone , faid to

be by Maria the Hebrew, may be alfo includ
ed in the fame fentiment . As to thofe who en
deavour to found Natural Philofophy upon the
Scriptures , Lord Bacon very juftly remarks ,

that they feek the dead among the living . And
he thinks it neceffary to check and fubdue this
vanity ; left , from a total confufion of divine and

human affairs, the truth of philoſophy ſhould be
loft in vifionary conjectures ; and herecommends
ftrongly, that faith ſhould be given to nothing ,
but with deliberation , and to thoſe things only

which are worthy of it.
The

* Chap . ii. 22 .
+ Chap . xxxviii . 34 .

2 Kings ii. 20.



OF THE ORIGIN OF CHEMISTRY . 75

The Phoenicians by their induſtry and com
merce excelled all other nations . Before the

time of Mofes , and about 700 years after the
flood , an accident fuggefted to them the making

of glaſs : As fome failors , on the fhore of Belus

for want of ftones , had employed pieces of nitre
to fupport their kettle , in which they were boil
ing their provifions , they obferved the fand and
the nitre unite into vitrified maffes * . Thege
nius and penetration of the Sidonians foon im
proved upon this diſcovery , and carried it to
fuch perfection , that for 2000 years it brought
them an immenfe revenue : And as glafs was
prized equally with gold , the fand of Belus ,
which for a long time was reckoned the only

kind fi
t

for making it , even after Chrift , was
collected , and taken away by veffels that came .

annually from foreign countries , as Strabo , Jo
fephus , Tacitus , and others affirm þ .

They had three varieties o
f purple colour :

The Tyrian , which was twice dyed , was reckon
ed the fineſt and deareſt . At the taking of Su

·fa ,

* Pliny ſpeaks of the origin of glaſs ; and he fays alfo : -—

" Mox , ut eft aftuta e
t ingeniofa folertia , non fuit contenta

" vitrum mifcuiffe : captus e
t addi magnes (magneſia ? ) la

" pis quoniam in fe liquorem vitri quoque , ut ferrum tra

" here creditur , 1. xxxvi . 26. Lapis hic ( magnes ) et in Can

“ tabria_naſcitur , non ille magnes verus caute continuo , fed
❝ſparſa bubbatione : ita appellant : nefcio a

n vitro fundendo

❝ perinde utilis : nondum enim expertus e
ft quifquam , ”

1
. xxxiv . 1
4
.

1
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fa , Alexander the Great found in the royal trea
fure purple to the value of 50,000 talents , which
had lain there 192 years , and ſtill retained its
original beauty . We are told by Pliny in what
manner they uſed the coccus amethyftinus and
byfginus for the purpoſe of dying cloths * . Men
tion is often made in Exodus of argaman , which
is generally understood to mean purple .
Herodotus relates , that the Phoenicians fetch
ed tin and amber from diftant countries .

From the colonies which they had fettled in
Spain , and other places , they drew 'vat quan
tities of gold and filver. In Greece alfo , the
Phoenicians were the firft who fought for ores ,
and extracted their metals .

Among others , Mofchus of Sidon is eſteem

ed as the moft antient interpreter of nature ;
and Pofidonius in Strabo , and Sixtus Empiricus

tell us , that he invented the doctrine of atoms .
Cadmus , who is not celebrated for any know
ledge in phyfics , is imagined to have brought

thofe letters from the Phoenicians , which they

had obtained from Affyria , into Greece , and had
adapted them to the Pelafgian tongue + . Of
Sanchuniaton , an author fufpected by many ,
and who is believed to have lived before the fall

of Troy, we have ſpoken at fufficient length
already .

According to Diodorus , Babylon , in the time
of

* L. ix. c. 41. + Bruker, 1. c.
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W
A
V
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"
L

o
f

Semiramis was removed from Egypt into

Chaldea , by Belus , who afterwards inftituted

there a facerdotal college . But it should ap
pear , that the ſciences had flouriſhed among the

Chaldeans long before ; and were entitled a
s

much , if not more , to the praiſe of antiquity
with them , than among the Egyptians . They
confider Zoroafter as the founder of their philo
fophy ; ofwhoſe name the Greeks were entirely
ignorant until the time o

f Pythagoras * . But ,

indeed , any account of him is involved in fo

much obfcurity , that we are hardly authoriſed

to affign to him a place among the learned . He

is reported to have diſcovered the principles o
f

the world , and magical arts , and diligently to
have attended to the motions of the planets f .

In the following pages we fhall perhaps men
tion a few things , ofwhich we are not certain
whether they relate a

t all to this Zoroafter .

Zardus , o
r

Zaradut , o
r
, a
s he is called , Mog ,

was celebrated among the Perfians a
s the inven

tor of magic . Pliny infifts , that this art took
its rife in Perfia from Zoroafter , who was in
ftructed in it by Azonace : And that it ſeem
ed more properly to lay claim to fuch an ori
gin , as he is reported to have laughed on the
very day of his birth ; and it is faid o

f

him , that

the palpitation o
f

his brain was fo great , as to

repel

* Clem . Alex Str .

+ Plato in Alcibiade priori . Juftinius , 1. 1 .

‡ L.xxx . c . I ..
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>

repel the hand of any perſon applied to his
head . Theſe uncommon circumftances were

confidered as prefages of future wiſdom *. Be
fides , we are told , that he lived twenty years

in defarts upon cheeſe , and was of ſuch a con
ftitution as not to be fenfible of old age † ; and

that he had compofed two millions of verſes .
He is the reputed author of many writings on
aftrology , phyfics , magic , chemiſtry , and po
litics t.
It was an ancient cuſtom among the Perfians ,
to diſtinguiſh metals by the names of the planets .

And Celfus , in his writings againſt Origen , men
tions fome Perfian ceremonies which eſtabliſh

thisaccount . In the following words he deſcribes
the heathen worſhip ofMithra under thoſe ſigns :
" Eft in eo duarum cœli revolutionum fignifica
<s
tio , tum ejus , qua ftellæ fixæ feruntur , tum
ejus , qua planetæ, et animæ per eas tranfitus

" tale Symbolum : fcala eft in altum aliis fuper
" alias portis furrecta ufque ad fummum octavæ
portæ fornicem ; prima portarum plumbea eft,
" fecunda ftanea , tertia ahenea, ferrea quarta ,
quinta mixti nomifmatis , ſexta argentea , ſep" tima aurea . Primam faciunt Saturni , plum
" bo`notantes tarditatem ejus fideris , fecundam
Jovis , comparantes ei ftanni fplendorem et

"mollitiem ,

66

66

66

66

* L. vii. c. 16 :
+ L. ii. c. 42 .
Heilbronner , Hift. Math .
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C

=

I
1

mollitiem , tertiam Veneris æratam et folidam ;

quartam Martis , eft enim laborum patiens ,
66
æque ac ferrum , celebratus hominibus ; quin
66
tam Mercurii propter miſturam inæqualem et
variam ; fextam lunæ argenteam ; feptimam

folis auream , coloribus fuis ea fidera referenti
" bus .

86

We have already alledged , that the hierogly
phic mode of writing uſed by Hermes , and the
attentive care of his followers to involve inmyf
tery the operations of nature , moſt probably
gave rife to the application of chemical figns :

Thefe, however , fubject to the fame variations
to which the letters of every language are liable ,
differ , no doubt , widely from thoſe that were

firft employed ; yet, we can ftill trace in them.
certain original characters , which the lapfe of
time has not been able to obliterate . We have

ſeen that, almoft from the beginning of the
world, the ftars were thought to have confide

rable influence on all terreftrial affairs ; and this
opinion , as well eſtabliſhed as it is ancient , af
figns clearly the reaſon why all the metals have

been diſtinguiſhed unto this day , by the names
of the planetary bodies . On a principle fome
what fimilar , we find the triangular figns in the
theory of Plato. As the ftars held dominion

over time , fo the vanity of aftrologers led them
to ſuppoſe , that fome , more than others , had an
influence on certain days of the week ; and ,

that
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that they could impart to thofe metals corre
ſponding to them , confiderable efficacy upon
their particular days . But we fhall give pre
fently an example of this extraordinary folly .
From the Athenian ambaffadors we learn ,

that among the Perfians , before the time ofA
lexander the Great , ύαλινα ικπήματα, (veffels made

of glafs ) were daily uſed *.
Of the eſtabliſhment of the facerdotal college

at Perſepolis , according to the Egyptian princi
ples , we have the following account from Dio
dorus . Phanes , a certain Halicarnaffian , hav
ing infinuated himſelf into favour with King
Amafis , obtained from him the knowledge of

the Egyptian myfteries , with which he fled in
to Perfia , and betrayed them to Cambyfes.
Tempted from what he thus knew, with the

defire of learning ftill more , the King of the
Perfians marched immediately againſt Pfammi
nitus , the fon of Amafis ; from whom he did
not take away his treaſures only, (about 525
years before Chrift , ) but the Hierophanti alfo .

With regard to them , however , he failed in his
defign ; as they obftinately refuſed to commu

nicate any knowledge of their myſteries , until
after his death they imparted them to his fon

Darius Hyftafpest . We have already mention
ed , from Syncellus , that Oftanes was fent by

Xerxes

Ariftophanes , Acharn . i. 2 .
Bibl. Hift. 1, i. c. 46, 95.



OF THE ORIGIN OF CHEMISTRY . 81

Xerxes into Egypt . The letter written to Pe
tafius , de facra et divina arte, commonly afcrib
ed to him , is without doubt entirely fpurious .
Equally unfounded are many other writings un
der his name. The fame fentence may be paff
ed that work too which bears the illuftri
ous name of Sopharis , who is faid to have been
the preceptor of Oftanis .

upon

How far the inhabitants of the Indies had
proceeded in their enquiries into the operations

of nature , it will be difficult for us at this day
to determine , as we are not in the poffeffion of
any accounts fufficiently authentic .-The fol
lowing quotation , however , from Philoftratus
proves, that they cultivated equally with other
nations of the Eaft the ſcience of metallic aftro
logy : He ſays , " Apollonius cum Jarcha Brach
" mane fecreto philofophatus , muneris loco ab

66

66
eo tulit annulos feptem , totidem planetarum
" dictos nominibus , quos fingulos geftaret per
fubjectos planetis dies ; fc . ut annulum aure
um geftaret die folis , argenteum die lunæ , fer
" reum die Martis , hydrargyrinum die Mercu

ri
i
, die Jovis ſtanneum , æneum die Veneris ,

e
t plumbeum die Saturni , quod fingulis pla

netis fingula refpondeant metalla * . "

The Chineſe , according to Martini the Jefuit ,

had been long acquainted with chemiſtry ; and

are even ſaid not to have eſcaped the rage o
fal
F chemiſtry ,

66

66

66

* Life of Apollonius .
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chemistry , 2500 years before our Saviour : Tho

it muſt be confeffed , they have left no writings

on this art behind them , to fupport fuch an opi
nion . But if China , as D. de Guignes alledges ,
is a colony from Egypt , the difficulty is not fo
great : And it is beyond all doubt , that many
excellent chemical arts and inventions had flou

rifhed long in China before it was vifited by the
Europeans . Among their chemical preparati

ons it may be fufficient to reckon nitre , borax ,

alum , copperas , corrofive fublimate , calomel ,

mercurial æthiops , mercurial ointment , fulphur ,
exploſive powder , fplendid fire -works , various
dyes in filk and linen , and veffels of porcelain
painted in elegant colours . Befides a great num
ber of metals , as gold , filver, quickfilver , lead ,
copper , iron, and tin , they extract zinc , nearly
pure from the mines ; and , with it and copper ,

niccolum

Hift. Sin. Le Compte , a Jefuit miffionary , in his ac
count of Chineſe chemifts , makes mention of one celebrated
by his knowledge of the philofophers ftone, who lived 633
years before the Chriftian æra , and 150 before the time ofCon
fucius . Barchufenius calls him Li-Lio -Kim or Li-Lao -Kiun .
In the Chineſe Atlas Martini has placed a lake near the city of
Pukiang , in the neighbourhood of which king Houang -ti who
lived 2500 years before our Saviour , is faid to have practiſed
alchemistry . The fame writer met with a large mafs of gold

on mount Zukin , which was reported to have been prepared
by the art of chemistry, and to poffefs the virtue of curing ma
ny diſeaſes . He relates alſo a ſtory ofnine virgin fifters, wha
paffed their lives in celibacy intent on alchemical purfuits ."
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niccolum and iron , they compofe what is cal
led white copper.
It was not until long after the Romans had
fubjected the Greeks and Egyptians to their
yoke, that they became acquainted with the
fcience of chemiſtry , as we learn from the teſti
mony of Jofeph Scaliger . They made war their
chief ftudy, and cultivated thofe virtues only

that could fupport and improve it ; as fortitude
and courage . The other arts they deſpiſed ,

until Marcellus , Scipio , Paulus Æmilius , Mum
mius , and others , brought to Rome the moſt
exquifite pieces of workmanship from the con
quered countries . But they remained ſtill in
tent upon arms , and the means of extending

their dominion ; for, whenever they were in
want of excellent ftatues, noble edifices , or fine
paintings , they always had recourſe to the ta
lents of the Greeks .

Ariſtotle , however mentions , that the Um
brians were in the practice of extracting a falt
from the ashes of reeds and bulrufhes *. About
the beginning of the Chriftian æra we can dif
cover fome traces of chemical knowledge ; which ,
though ſometimes not eafily defined , may be a
ſcribed to the Romans . Vitruvius clearly de
fcribes the reduction of gold into an amalgam :
He fays , " Cum in vefte intextum eft aurum ,
eaque veftis contrita propter vetuftatem ufum

F 2

66

" non
* Met . 1. ii. c. 3.
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:

sc

"non habet honeftum , panni in fictilibus vafis
" impofiti fupra ignem comburuntur . Is cinis
conjicitur in aquam , et additur ei argentum
vivum , id autem omnes micas auri corripit in
" fe et cogit fecum coire : aqua defufa , cum id in
pannum infunditur , et ibi manibus premitur,

argentum per panni raritates propter liquo
" rem extra labitur, aurum compreffione coac
"tum intra purum invenitur * "invenitur *." What Vitru
vius fays of the cloth , Pliny has written more
particularly in theſe words : " In pelles fubactas
" effunditur ,per quas fudoris vice defluens purum
relinquit aurum + ." Pliny gives further an ac
count ofgilding by means of quickfilver , and of
the fearching for filver with the Lydian ftonet .
Pure gold has been faid to be extracted from

ochre , or orpiment , alfo , by Caius Caligula , a
flave to avarice , though in fuch ſmall quantity

as not to defray the expence of the proceſs § .
Petronius , fpeaking of flexible glafs , relates ,

" Fuit faber , qui fecit phialam vitream , quæ non
frangebatur . Admiffus ergo ad Cæfarem eft
cum fuo munere , deinde fecit reporrigere Cæ
fari , et illam in pavimentum projecit . Cæfar
non pote validius , quam expavit : at ille fuftu
" lit phialam d

e

terra : collifa erat , tanquam va
fum æneum . Deinde martiolum d

e finu pro

" tulit ,

"6

"6

66

66

66

"

66

* L . vii . c . 8 .

† L. xxxiii . c.6 .

L. xxxiii . c . 8 .

§ L. xxxiii . c . 4 .

�
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"tulit , et phialam otio belle correxit ; hoc pacto
" putabat fe cœlum Jovis tenere . Utique poft
66quam illi dixit : num quis alius fcit hanc con
" dituram vitreorum ? Vide modo . Poftquam
negavit , juffit illum Cæfar decollari ; quia e
nim , fi fcitum effet , aurum pro luto habere

The ſame ſtory is told by Dion Caf
fius †, Johannes Sariſburienfis ‡ , and Pliny ; who

adds , that , though the fame of the flexible glaſs
diſcovered under Tiberius was very general , yet

it wanted farther confirmation §.

"mus

What Seneca means, by the " collectio ignis

alumine ,” is rather obfcure , unleſs it refers to
fome kind of pyrophorus | .

66

66

"6

66

* 99•

The fame luxury and diffipation that deſtroy

ed the warlike genius of the Romans led them
to a corrupt and intemperate abufe of the arts .
Not ſatisfied with the fineft garments , they re
quired them to be tinged with a variety of the

moft fplendid colours . The face was rendered .

delicate and beautiful , by means of a poultice
made of bread and affes milk , a fine colour be
ing ſuperinduced with a mixture of ceruſe and
purple . The hair was powdered with gold

duft , as we learn from Ovid , Martial , and

Plautus . The apertures or windows of their
F 3 houfes

* Satyr.
+ Hift. L. vii .
Polycr . L. iv. c. 5.
§ L. xxxv . c. 26 .
Q. N. L. ii . c. 12 .
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houſes were at firſt cloſed with a tranſparent

ſtone , a kind of gypfum ; and afterwards they

ufed glaſs : And Hieronymus and Lactantius
mention , that the windows in the fourth century

were all made with it . Pearls and gems were
highly valued by them , and were often polifhed ,
carved into various figures , either concave or
prominent . Nonnius, a fenator , when flying

from Rome , carried with him, of all his wealth ,
à pearl alone worth 20,000 fefterces . Pliny ,
with great propriety , expreffes his ſurpriſe at
the cruelty of Anthony in profcribing aman for
the fake of a fingle jewel , and at the folly of
Nonnius for chufing baniſhment rather than
part with it ; when , even wild beafts would fre
quently fave their livesby biting from themſelves
thoſe parts for which only they knew they were
purſued * .

Under the reign of Nero , the art of making
glafs , which had been long known in Spain and
Gaul , was diſcovered at Rome ; but it was yet

ſo ſcarce , that two fmall cups made of glaſs , cal
led pteroti , fold for the immenfe fum of 6000 fe
ftertia +.-Many other examples of their luxury
and profufion , occur in feveral authors .
On the converfion of Conftantine the Great
to Chriſtianity , a fatal blow was given to the
fuperftitious darkneſs of mythology , and the

arts

* L. xxxvii. c. 6.
+ Pliny , 1. xxxvi . c. 26 .
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arts and ſciences began to wear a more favour
able afpect *.

Nor

* By way of fupplement , we ſhall add here ſome few obfer
vations on the preparations of medicine known to the ancients .
Siracides , c.xxxviii . fays "Dominus medicamentacrefcere facit ,
" et ille , qui unguenta præparat , inde mifcelas conficit ." In
the Septuagint verfion ointments are called porowat , vid .

1 Kings , x. 15. Exod . xxx . 25. 35. xxxvii . 29. The word
forowans fignifies properly , a man engaged in all kinds of com
merce, as alfo a perfumer . Among the ancient authors we
find mention made often of perfumers and dealers in ointments .
Thus , for example, Hermæus is faid to be a Perfumer ,
whofe rich widowwas afterwards married to Efchines : Ilus

of Thefprotia in Epire , who refufed poifon to Ulyffes which
he afterwards obtained from King Anchilaus ; was called an
Apothecary: Nicomachus the Stagyrite alfo was named a
Quack : Ariftophilus a Quack of Platea : Antonius is deſcrib
ed as a Quack by Galen ; and many others who we need not
mention . Ariftotle himſelf , if we can give credit to Ælianus
and Epicurus , had profeffed the trade of a perfumer before he
turned hismind to the ftudy of philofophy . But, in general,
the practice of this art was confidered as very mean and con
temptible ; and therefore Solon drove all the perfumers out of
Athens , and Lycurgus was not lefs fevere to them at Sparta ::
Under this idea too , Antony reproached Auguftus that his
great grand -father hadkept aperfume fhop . Formerly the prepa
ration of almoſt every medicine was in the hands of the perfum
ers ; and it appears from Hippocrates that the ancient phyfi
cians paid but little attention to pharmacy . Itmuft , however,
be acknowledged that chemistry is indebted for many inven
tions to the perfumers of old , and Greek phyficians , and ef
pecially to thofe of a later period . In this view we may con
fider the various compofitions of medicines, ofwhich we ſha!!
ennumerate thoſe only that were moſt efteemed . Diofcorides
defcribes themethod of extracting the oil from pitch ; that it

F 4 was�

1

1
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Nor in the moſt remote times were the che

mical arts wholly unknown to the northern re

gions . Pytheas of Marſeilles relates, that the in
habitants of Thule even made a beverage of

grain

was collected in clean fleeces fpread over the vapour of boiling

pitch . He alſo ſpeaks of the diftillation of quick -filver from

(native cinnabar ) and the burnt drofs of wine (falt of tar
tar ) which were judged to be well prepared, if they were
white , and acrid to the tafte. ' Galen , Oribafius , Paulus Ægin

eta , and Etius extol much a Gallic foap : Etius mentions a
black foap alfo . Egineta prepared an extemporaneous foap

from o
il , the burned dregs o
f

wine and nitre . The o
il o
f

fulphur alfo is mentioned b
y

him , which was probably a ſpecies

o
f

balfam o
f fulphur . The lixivium protoſtactum o
f Ægineta is

nothing elſe than the cauftic alkali . Etius defcribes the diftil

lation per defcenfum o
f ſmoking o
il , and relates the preparation

o
f

brafs and purification o
f antimony . Various plaiſters alſo

o
f

which mention is made frequently by ancient authors , may

b
e

reckoned among the preparations o
f chemiſtry . Oribafius

and Etius added the drofs of filver (lithargyrium ) to feveral
plaifters , and the compofition o

f

thefnowy -like plaifter from mi
nium was long preferved among their valuable fecrets . Syrups ,

drofata , juleps and zuleps are not well diftinguiſhed among
them . Myrepfus reckons 129 formulæ of fyrups and 137 of

pills . Electuaries , confections , pills and bolufes made two
thirds of their internal medicines . The drangea of the Greek
phyficians feem to be fame with our trageæ . Smegma is

understood by them in ſeveral ſenſes : Sometimes it fignifies

a dry powder , at other times a ſoft mafs , chiefly mixed with
foap ; and again , a certain kind o

f paftils . Under the name

o
f

troches , paftils were formed o
f

various figures . Of bitters
they had ſeveral kinds , as powders , pills and electuaries . Their
acidulated medicines , infufions of herbs , and mixtures of vin
egar and water were prepared by expoſure to the fun . What

is called eclegma by the Greeks , the Arabians call looch and
with us is lindus .

1
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grain and honey * , many ages before the birth
of Chriſt .

For their inftruments of agriculture , as well as
for their arms in war , they required both the
uſe of metals and artificers : But they involved
all thoſe arts in fables and myfteries , fully as
much as the nations of the fouth . They be
lieved that the beſt ſwords were made by cer
tain pigmies , who were concealed in the moun
tains † . It is related alfo of the Afi , that , in
Idavall , (a wood in Vermelandia , which derives

it
s

name from Edda ) they had conftructed fur
naces , and made pinchers , inftruments , and

aud , which fome interpret money . Frode king

of Denmark , paying a viſit to the Upfal Fioln ,

is faid to have obtained two female flaves , one of
which was ſkilled in making gold , the other in

making falt § . The moft ancient temple o
f

Old
Upfal is deſcribed as being not only very finely

ornamented with gold within , but alfo as being

adorned with a border o
fgold without || . From

other accounts likewiſe , it appears , that the in

habitants of the north were not only acquaint
ed with the uſe ofmetals , but had made fome
progrefs in chemical arts .

S V
I
. Synopfis

* Strabo , geograph . 1. iv .

+ Edda Damif .

Havamal Volufpa .

Edda Damif .

A. Brem . and A. Cranz.vid . Shefferi Upfalia antiqua .
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§. VI. Synopfis of Things known in Chemistry
during thefirft Period.

WE have ſeen , very foon after the creation , the
invention of fuch arts as laid afterwards the
foundation ofchemiſtry . After the deluge , we
have obſerved the cultivation of them in Egypt
until the devaſtation of that empire by theA
rabs . And , although the genuine tenets ofna
tural philofophy were fo ftudiouſly concealed
from us ; yet fome glimmerings of a theory , e
ſtabliſhed upon the various phenomena with
which they were acquainted , have not eſcaped
our attention . We have alfo followed out the
ſcattered traces in other countries , and chiefly
have afcertained the wonderful practical pro
grefs of the Chineſe . Chemiſtry , then , ſeems to
lay claim to as high an origin nearly as the other
ſciences ; and with reſpect to many , is certain
ly ofmuch greater antiquity. During all this
period of near 5000 years, we find Polytheiſm
every where ; but eſpecially among thoſe nati
ons where chemiſtry was moſt cultivated ; and

the myſteries of fcience and religion were thus
perpetually blending . Immediately after the

redemption of the world , the followers of the
true faith were every where fo harraffed and per
fecuted , that they were neceffarily more occu

pied
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pied with the means of avoiding perfonal diſ
treſs and torture , than anxious for the improve

ment of the ſciences .

5

Before the time , therefore , of Conftantine ,

fcarce any Chriftian had beftowed a thought

upon chemiſtry ; and after him, indeed , we find
very few, and thofe chiefly inclined to alche
mistry ; in the fingular ftudy of which ſo many
have fince loft both their time and labour . Some

general idea may be formed of the ſtate of che
miſtry in thoſe days, from the confideration of
the feveral fubjects of the art with which they

feem to have had no acquaintance . Except the

acetous , no trace can be diſcovered of any other
acid . The mineral alkali was known to them
by the name ofnitre : But of the vegetable al
kali they knew little ; and of the volatile they

were altogether ignorant . Of neutral falts they
had the marine and the ammoniac . Of earthy
falts they had native alum only : And ofmetal
lic falts , copperas and native green vitriol. Cer
tainly a very limited halurgy .
Ofearths they feem to have diftinguiſhed the
calcareous and argillaceous ; and of ftones, a
very confiderable number .

Of inflammable fimple fubftances , they were
acquainted with fulphur , expreffed oils , and oils

diftilled per defcenfum . But they knew no other
method of extracting effential oils than by the
means of the unctuous . We find no account
whatever of ſpirit ofwine and ether .

Of
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Of the ſeven perfect metals hitherto known ,
they were acquainted with all except Platina :
But they were ignorant of the imperfect . Some
authors , indeed , make a diſtinction between tin
and white lead ; which was perhaps zinc , bif
muth , or regulus of antimony . But it is impof
fible to draw any certain conclufion with re
fpect to this ; when even Pliny diſtinguiſhes

hydrargyrum from argentum vivum .
Expreffions , digeftions , and decoctions were

almoſt the only operations in their chemiſtry .
Perhaps , indeed , they uſed ſome varieties ofe
lixation , evaporation , and infpiffation ; as like
wife of cryſtallization , fublimation , calcination ,

diftillation per defcenfum , fufion , eliquation , vi
trification , and fermentation .

From the authorities , therefore , already cited ,

it may be naturally inferred , that , at the peri
od under confideration , the dawn only of che
miſtry had made it

s appearance ; and that it

was rather a collection of unconnected and ill
founded axioms , the refult of obfervation and
remark , than a ſcience eſtabliſhed upon the

broad baſis o
f

an infinite variety of experiments .

At this time they were in want alſo of the pro
per inftruments , and unacquainted with the ne

ceffary ſteps by which the principles o
f

natural

bodies can be exactly feparated , collected , and

properly defined . They were , therefore , with
out thofe means fo neceffary to the evolution of

truth , and the conſtruction o
f
a genuine ſyſtem .

THE



THE

HISTORY
OF

CHEMISTRY,
During the Obfcure or Middle Age, from the
Seventh to the Seventeenth Century .*

Exiftimare oportet naturam multa et varia a rebus ipfis edoctam

et coa&tam effe; rationem vero ea, quæ ab illa fibi mandata et
tradita fuerant , pofterius adcuratiora et politiora reddidiffe , et

inventus addidiffe , in nonnullis citius , in aliis tardius .
LAERTIUS .

§. 1. General Idea of this Period.

THIS period may be reckoned from th
e

d
e

ftruction of the Alexandrian library by the A
rabs about the middle of the feventh century ,

unto the firſt inftitution of fcientific focieties , a

* little beyond the middle o
f

the ſeventeenth cen
tury ;

* This Differtation was publicly delivered in the great
Guftavian Hall , on the 11th of June , 1782 .
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tury ; comprehending in all about a thouſand
years . In the year 1651 the Academy del Ci
mento was founded at Florence ; in 1660
Charles II . eſtabliſhed the Royal Society of
London . The Academy of Inquirers into the
works of nature , in 1664 , and the Academy of
Sciences, in 1666 , both arofe at Paris under the
aufpices of Lewis XIV . From the dark obfcu
rity in which the hiftory of chemiſtry remained

buried during all this interval , we are naturally

led to compare it with the civil hiftory of the
fame time , and perhaps to affign to it fimilar
features : And , indeed , the circumftances to be

related in the following pages will fully explain '
the character of this period , and furniſh fuffici
ent reaſon to call it by the name of Hermetic
or Alchemiftic .
"1

At the firſt view , we find the political con
ftitution of thoſe countries where chemiſtry re
ceived it

s

earlieſt growth , in a ſtate o
f

the great
eft barbariſm . The inhabitants of Arabia Felix

whom Ptolemy long ago calls Saracens * , were
for many ages fubject moftly to the Roman au
thority , and ferved occafionally a

s mercenaries

in the armies o
f

that empire . But about the
beginning of the feventh century , under the
reign of the Emperor Heraclius , they overran
Egypt , which they had been threatening with
an invaſion for three years . A fhort time be

fore

Geogr . v
i
. 7 .
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fore , they had embraced the Mahometan reli
gion , and had laid wafte all Syria under the
banners of Mahomet . In Egypt theſe new
Lords deſtroyed , with indifcriminating hand , e
very monument of ſcience , every abode of learn
ing. Ptolemy Soter , who founded the acade
my at Alexandria , had begun to collect a very

confiderable library alfo ; which , at the death

of his fon Ptolemy Philadelphus , contained al
ready 100,000 books ; and which increaſed
foon after to the immenſe number of 700,000 * .
Manuſcripts were collected from every quarter ;
and being accurately and neatly copied , the o
riginals were preſerved in the library , and the
copies were exchanged for them , accompanied

fometimes with large prefents . The firft collec
tion amounted to 400,000 books , in that part

of the city called Bruchion ; the other confifted
of 300,000 , and was kept in the Serapeum . The
former was accidentally confumed by fire , while

Julius Cæfar was befieging the city ; and the
latter , though often plundered , recovered fo
much from its misfortunes , that it became at

length greater than the Bruchian collection t.
To this were added 200,000 volumes alfo from
Pergamus , which Mark Anthony had preſented

to Cleopatra . But when this ineftimable libra
ry fell into the hands of the victorious Saracens

in

Strabo . 1. xvii . Eufeb . Chron .

+ Plutarch in the life of Julius Cæfar .
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in the year 1642 , a certain philofopher , named
John Philoponus , who was high in favour with
their leader Amri Ebnol -As , requeſted of him
to ſpare him a part of it . The Caliph Omar ,
however , without whoſe permiffion Amri dared

not to fave a fingle volume , ordered them all to

be deſtroyed ; adding , at the fame time , that
they were uſeleſs if they agreed with the Alco
ran, dangerous if they differed from it . Du
ring fix months almoft four thouſand baths were
daily heated with theſe valuable manuſcripts *.
How little learning was eſteemed by the heroes
of thoſe days fufficiently appears in this unfor
tunate example . In a fimilar manner the Goths ,
and other wandering tribes , ſpread terror far and
wide , and depredated entirely the nations they

had vanquiſhed . But we fhall not enter into

the unpleaſant detail of the effects of barbarifm

and ignorance ; as the fate of Egypt , where
chemiſtry had fixed her throne , too clearly il
luftrates the melancholy condition of the ſci
ences.

Although the first influence of the Mahome
tan dominion was fatal to letters , and the confti
tution of that religion even afforded no profpect
of a happier fituation ; yet foon after , under the
Achemidic dynafty , the fmiles of fortune in
fpired them with fome new hopes . Abu -Jaafer
Almanfor, the fecond of this family, who , in

the

Abulpharagius , hiſt . Dyn . x .
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.

12

the eight century made Bagdad the feat of the
Babylonian empire , whether from thoroughly

underſtanding the Alcoran , or from the affec
tion he bore to the fciences , became famous for
learning , and for his fkill in aftronomy eſpeci
ally , to which he had always given a preference .
After him the encouragement given to ſcience
daily increaſed : Harun or Aaron Rafchid, who

was cotemporary with Charles the Great , lived
in habits of intimacy with ſeveral philofophers ,
and took great delight in their converfations .
But, ofall the princes of Arabia , his fon Abdal
la Almamun was by far the moſt diſtinguiſhed .
This Prince held the reins of government from
the year 815 to 831 , not lefs celebrated for his
clemency than for the ardour with which he en
couraged letters . At great pains and expence
he collected books in all languages , and had
them accurately tranflated , and carefully pre
ferved : Negotiating a peace with Michael the
III . among other conditions , he ftipulated for
permiffion to collect and export in Greece what
ever books he wanted . From this period we
find the ſciences protected every where in the
Eaſt , and in Africa . The Arabs highly ho
noured thoſe who cultivated learning , and in
ftituted academies for the propagation of know
ledge . But they ſeemed to fet the higheſt va
lue on aftronomy and alchemiſtry , which were
at this time abfolutely infeparable . Indeed , it

G was
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was not until long afterwards , that theſe ſciences

were found independent of each other in Eu
rope . The celebrated Tycho Brahe , not only
attended to themotions of the planets , but had
a laboratory alſo , in which he tried experiments

upon earthy fubftances by fire . The great
Newton, too , when refting from his immenſe

labours , employed himſelf occafionally in che
mical operations . There are , befides , many
other inftances which we need not mention .

In the mean time , Europe overrun with fwarms
of barbarians , whofe favage thirft of wealth led
them to ravage and deftroy wherever they came,

was almoſt wholly forfaken by the liberal arts .
The Mufes fly from Goths and Vandals . Charles
the Great , however , the moſt powerful prince

at that time , offered them his protection ; and
it is in a great meafure to the expeditions under
taken for the fake of religion , that we are in
debted for their recovery . Theſe were begun
about the end of the 11th century ; and gain
ing an entry among the Arabians , afforded the

Europeans an opportunity of converting their
literary treaſures to their own uſe . When Con
ftantinople was taken by the Chriftians in the
year 1205 , a confiderable number ofmanufcripts

made their way into Europe , where a great part

of them was gradually tranflated into a morege
neral language . About the year 1230 , the Em
· peror Frederic II. turned his attention to the

cultivation

•

•

•
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cultivation of the liberal arts . Several princes
followed his example : So that they ſeemed now
to be quitting their former habitations , and to
feek more and more for fhelter and protection

in our quarter of the globe . But the ſuperſti
tion under which Europe groaned , retarded for
a long time the progrefs of natural ſcience . For
every one who attempted to explore the works

ofnature , or had acquired the leaft acquaintance
with her , was deemed a conjuror , and agent of
infernal ſpirits , and ſentenced to be burned to
death . By degrees , however , the thick clouds

of ignorance and enthuſiaſm were diffipated , and
men of ſcience and of genius were permitted to
purſue their ſtudies in a wider field . And this

change was eſpecially remarkable in the 16th
century, when the zeal of Luther freed the
church from that load of abfurd and ridiculous

garments with which it had been long disfigur

ed and oppreffed .

If we confider ftep by step the progrefs
of chemical ſcience , we fhall find indeed that
various properties of bodies were diſcovered ,
but that they were neither fo accurately de
termined , nor exactly compared together , as was
neceffary ; and formed only a rude and undi
geſted maſs , arranged into no fyftem : In fuch
myſtery and confufion was true fcience as yet

obfcured . The vast number of experiments that
were made about the end of this period , with

G 2 out
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1

out order or regularity , were not unlike to a
confuſed heap of ftones , lime , fand , beams , and

rafters , requifite for conftructing an edifice ; but

which , being combined with no fkill, fail in pro
ducing the propofed effect . The falſe and per
verſe opinions likewife which were entertained
by many , contributed in a great meaſure to
thicken this darkneſs . Several had perfuaded

themſelves , that gold could be compofed from
its principles by art ; and that medicines en

dowed with the virtue of curing all diſeaſes , and
of rendering man immortal could certainly be
found . Thus they were perpetually grafping

at wealth , and defirous to protract life beyond

its natural limits . This was the goal to which
every fearcher into the works of nature ran with

all his might . Truth , however , they anxiouf
ly avoided , left it ſhould ſuggeſt any thing that
might enable others to folve theſe problems ,

which they confidered of the greatest import
ance . In order , therefore , to effect their my
fterious purpofe , they made uſe of particular
characters and figns , and employed a ridiculous

and metaphorical manner of ſpeaking , that
their words and their writings fhould be under
ftood by themſelves only . But notwithſtanding ,
a confiderable number ofbooks were produced ;
though to what purpoſe is not ſo eaſily deter
mined , as they had ſpared no pains to render

them as obfcure as poffible . Our furprise , how
ever
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ever, at this rage for writing is greatly increaf
ed , when they tell us , that the art of making
gold is beyond the reach ofhuman capacity , and
that it is made known by God to thofe only
whom he favours , and whom they call Adepts .
They affert alfo , that dire misfortunes will a
light upon his head , who , poffeffing this know
ledge , fhall in any way communicate it to o
thers .

During almoſt the whole of this dark period ,
the artof printingwas unknown ; and hence we
may imagine the labour bestowed upon tranf
cribing all their books . Great , however , as it
was , the number brought forth was not affected
by it : For which we cannot otherwiſe account ,
than by fuppofing them to have produced ana
dequate gain to the authors . They feldom put

their own names to their writings , but ufed o
thers , antient or feigned , to obtain perhaps a

credit they could not of themſelves have ac
quired .

In the mean time the number of chryfopoei
increaſed almoſt every where ; but the favour

of the public did not keep pace with them.

This divine art had been fo propitious to the in
habitants of Africa , that it could not be reftrain
ed at Fez . Some of them were in queft of a
certain elixir that fhould convert all common

metals into gold . Many , who were amaffing

wealth by adulterating the coin , paid the penal
tyG 3
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ty of their diſhoneſty with the lofs of their hand * .
Pope John II. in the fourteenth century , pub
licly condemns them in his bull as impoftures :
Spondent quæ non exhibent , &c . Henry IV . of
England , in the fourteenth century , and the
faculty ofmedicine at Paris in 1609 , followed
the example of the Pontiff . But we will not
dwell longer upon the fufferings and misfor

tunes to which they were now expofed .
Towards the cloſe of this period , the fociety

of Roficrucians , an inftitution congenial to the
fpirit of the age , began to diſturb the repofe of
Germany . While academies of fciences were
eſtabliſhing a ſhort time after , for the purpoſe

of exploring the ſecrets of nature by proper ex
periments , and of publiſhing an account of
their tranfactions , and were thus gradually fub
verting all bold and obfcure myfteries ; this fo
ciety not only claimed to itſelf the tranfmuta

tion ofmetals , and an univerſal panacæa , but af
ferted likewiſe , that by the cabala and numbers
every thing was made known to the adepts , and
to thoſe that were kept by the peculiar care of
the Deity , by inviſible unknown beings ; and
that even thoughts could not be concealed
from them.- -They had likewife many o
ther opinions equally as abfurd and ridiculous .

From the year 1609 to 1630 , an incredible num
ber of books were poured out from this frater
nity ; though it is not lefs to be doubted whether

it
* Johannes Leo de viris illuftribus apud Arabes .
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1it really had an exiſtence , or whether Europe
was made the ſport of one or a few individuals ,

It will not be foreign to our purpoſe to infert
here a ſtory made by fome in the name of this
fociety . A nobleman of Germany travelling ,
in the year 1378 , into Arabia , was faluted in his

proper name by the wife men of that country ,
though they had never ſeen him before , and
they related every thing that had happened to

him, during all his life . He was initiated by

them in their myfteries . On his return to Ger
many , he inftructed feveral difciples , until the
year 1484 ; when , at the age of 150 , he volun
tarily choſe to depart this life . Some one ofhis
fucceffors , 1604 , diſcovered his tomb , in which ,
befides various remarkable infcriptions , was a

book engraved in golden letters . But here we

can learn nothing further. Their own confef
fion has furniſhed us with the above circum

ſtances. They had for their general conduct
fix fundamental rules : By the first they were to
heal the fick wherever they met them ; the fe
cond directed them to affume the cloathing of
the country in which they happened to be ; the

third obliged them to attend the annual gene

ral meeting , unleſs they could affign fome law
ful caufe of abfence ; the fourth enjoined every
brother , as foon as he choſe to die , to nominate

a worthy fucceffor ; the fifth ordained the roſy

crofs to be their fymbol ; the fixth directed
thatG 4
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that the fraternity fhould be concealed care
fully for 100 years * . In France this fo
ciety gained but little ground ; and , after 1630 ,

it paffed almoft wholly into oblivion . In
this year one Mormius offered to reveal the

whole of its fecrets to the magiftracy o
f Hol

land ; but his propofal was treated with con
tempt .

a

It was not to be expected , that ſcience whol

ly occupied in the purfuit ofother objects would
contribute to the improvement o

f

chemical arts .

They were however rendered gradually more
perfect , partly by accident , as the artiſts difco
vered fhorter and better proceffes , and partly
by experiment , as they fometimes chofe to riſk

path unbeaten by their teachers ; -and in fome
meaſure , by the unfucceſsful attempts o

f
the

alchemists . For thefe laborious inveftigators ,
though they feldom gained their propofed end ,

yet often brought to light much uſeful know
ledge ,which had otherwiſe perhaps lain conceal
ed to this moment .

As to medical chemiſtry , and the principles
upon which it

s theory was eſtabliſhed during

this period , we fhall explain them ſeparately
further on : Here it may be proper to take no
tice of a few things relating to the pharmaceu

tical part o
f

this ſcience . The prolix compofi

'tion

* Morhofius in Polyhiftore , et Mormius , in arcanis naturæ1 1 .

fecretiffimis , may chiefly b
e

confulted .

.i
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tion of Mithridate, theriaca , and antidotes fuffi
ciently demonftrate the low eftimation of fim
pler medicines , which ftill fell more into difre
pute , as the Greeks and Arabians vied feve
ral ages with each other in ufing the longeſt
formulæ . At the time the knowledge of the
Arabians firft enlightened the weſtern part of
Europe , it was ſhrouded with ſuch impenetrable

darkneſs , that neither reafon nor perception

could form the leaft probable conjecture of its
future improvement . From Ariftotle we learn ,
that medicines were divided into the warm and

cold , the dry and humid , which were combined
according as circumſtances required . Hippo

crates was the author of the attenuating , in
craffating , debilitating , and aftringent qualities ,

and feveral others, in which Erafiftratus and his
followers committed wonderful abuſes . As we

have many medicines that act particularly on

certain parts , as the cephalic , ftomachic , diure

ti
c
, hepatic , & c . an opinion was afterwards

entertained , that others affected equally the
whole ſyſtem . They divided every quality in

to four degrees , and each degree into three parts .

All compounds they examined with attention ;

and , if they found them faulty , fomething to

correct them was added : That their force might

not be impaired by digeftion , they were defend
ed by fome particular ingredient from the ac
tion o

f

the ftomach ; to thofe that operated too1 .

haftily
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haftily , they added fomething to occafion de
lay ; to others rather fluggiſh , they joined a
ftimulant ; and , thoſe that were to act on a
certain part , they accompanied with fomemedi
cine that was to perform the office of a conduc
tor . Others were compounded according to
the conftitution of the patient . With fuch a
rithmetical preciſion was the healing art prac
tifed in thoſe days .
Thoſe perfons who were intrufted with the
preparing of medicines , about the middle of
the fifteenth century , and were called pharma
copola, befides their collection of formulæ , had
fcarce any other books , than one of Avicenna ,

another of Serapio on plants , another written by
Simon of Januenfis on fynonymous appellations ,
a fourth called the book of Servitor on the pre
paration of plants , and fome chemical medicines ,
and two lifts of antidotes , of John of Damafcus ,
or Mefuis , and Nicolai of Salerno * . Towards

the

If the Arabians were taught their chemiſtry by the Greeks ,
it muſt be confeffed they made a much greater uſe of it in the
practice of phyfic than their preceptors did : But it cannot be
denied that they alſo invented many either inert or even dan
gerous medicines . It does not very clearly appear that the
Arabians were the inventors of fugar ; yet there is no doubt
they were the firſt who employed it in the materia medica, un
der the name of honey ofcane. The medicines of Rhazis were
chiefly galenicals .- Pills , powders, electuaries , decoctions ,
troches , ointments , and plaifters . Oils he digefted either by

infolation or fand heat. He mixed lead in feveral of his plaiſt
ers .
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the end of the fame century , Nicolaus Prevoft ,
a phyfician of Tours , wrote a general pharma

copoeia ,

ers. The Egyptian ointment , o
il o
f

fcorpions , diachylon

plaifters , and others o
f

Arabian origin , are ſtill uſed at this
day , under the fame names , and with very little change o

f

com

pofition . We know nothing of the preferved litharge , the
white fulphur , the earth o

f mercury , & c . o
f

Rhazis . He
commends much a martial vinous elixir , by the title o

f
a pre

paration o
f

the fcoria o
f

iron with wine , and water of rofes
alfo ; but whether h

e prepared it by fimple infufion or by dif
tillation we are not told . Of the fyrups , he mixed fome with
honey , others with fugar and honey , and ſome with manna .

The infpiffated juices o
f plants the Arabians called rob ; and

they reckoned among their fyrups whatever was preſerved
with aromatics . The names o

foxymels and oxyfacchari they

uſed indiſcriminately ; from which it might be conjectured that
ſugar and honey were equally common to them . Rhazis con
trived various mixtures o

f fugar ; fuch a
s the ſugar o
f

water
lilly , o

f

voilets , o
f

roſes , & c . He is faid to b
e the firſt who

expreffed o
il

from eggs , and Friend fufpecs , that the o
il o
f

bricks was his invention . Albucafis , who probably lived af
ter Rhazis , furpaffed a

ll

his countrymen in chemical know
ledge Of al

l

his remarkable , and in fome meaſure volumi

nous , work on the unverfal materia medica , we have the

27th book only remaining , entitled Servitor , and which con

tains all the precepts o
f pharmacy , concife indeed , but fuffi

ciently clear and intelligible . Befides other things , are to b
e

found inthis book ,thepreparation o
f
fa
l

ammoniac ; three modes

o
f

diftillation , o
f vinegar , o
f

wine , & c . It defcribes four
kinds of alembics and cucurbits ,-of glaſs , of earth incruſted
with glaſs , o

f

lead , and o
f

braſs . Albucafis has a decoction of
hiera ; which was a tincture prepared in the fun ; and various

extracts from the juices o
f plants infpiffated in the folar heat ,

He diffolved gums in water or acetous acid , and filtrated the fo
Jution through courfe hempen clothes . He defcribes the pre
parations o

f

alkaline falt in the fame manner with Diofcori
des ;
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copoeia , which contains more formulæ than any

other , eſpecially of antidotes * . Afterwards ,
many of the fame kind made their appearance :
But Valerius Cordus publiſhed a difpenfatory ,
compofed of extracts from all the others , which
was fanctioned by the law, and recommended
by a decree of the State of Nuremberg, in
1542 , to be the guide of the apothecaries . Many

of

des ; and mentions the foda from the plant kali , and the lix
ivium of afhes . Rhazis is the first who fpeaks of quickfilver
rendered white ; and which is perhaps the fame as the fublimed
quickfilver of Avicenna . He orders quickfilver , mixed with
acetous acid and vitriol to be rubbed into a perfect amalgam,
and then the mafs to be dried and diftilled , or fublimed between

two deep dishes ; and this procefs to be renewed ſeven times,

and at each a freſh ſprinkling of the vinegar . In another way

he fublimes quickfilver , by mixing it with lime , fal ammoniac ,

and yellow arfenic . Geberus feems alfo to have deſcribed a
fpecies ofcorrofive fublimate : See Lib. de invent . verit. p.720 .
" Sume de eo (quickfilver ) lib . i . vitrioli rubificati , lib . ij . a

" luminis rochæ calcinati , lib . i , falis communis , lib . 6. et

" falis petræ , lib . 4. tere totum , et incorporatum fublima , eț

" collige album , denfum , clarum , et ponderofum , & c . " He
appears to have had fome idea likewiſe o

f aqua regia , and o
f

it
s property o
f diffolving gold . Crocus Martis , too , was pre

pared by calcination , and by corrofion with the acetous acid .

Lime obtained from the fhells o
f

eggs was reckoned prefera
ble to that of burnt ftones o

r

marine fhells . Mefues , whom

ſome authors imagine to have lived before the time o
f Rha

zis and Albucafis , acquired great reputation from the inven
tion o

f

feveral medicines , and the diftinguishing title o
f

Evangelifta Pharmacopæorum . Some o
f

his compofitions are

in ufe to this day , as confectio alkerimes , and various others .

* Entitled , De compofitione medicamentorum particula
rium , & c . Lugd . 1505 , in 4t0 .
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of the compofitions were only mixtures , or more
fimple preparations , as extracts , decoctions , e
lectuaries , fyrups , and fuch like.. He defcribęs
however very clearly the method ofmaking e
ther (which he calls oleum vitrioli dulce ) ; of
which we find only obfure traces in Bafilius Va
lentinus .

Medicines that required the aid ofmore pro
found chemiſtry were at the beginning of this
period very rare , though not altogether un
known . The emperor Conftantine IX. fur
named Porphyrogeneta , who died in the year

959, relates in the life of Bafilius of Macedon ,

his grandfather , that the emprefs , when juft dy
ing , was recovered by x T podusayμati . Conrad

Gefner has taken great pains to prove , that the

Syrupum rofatum is underſtood here ; for he fup
pofes that rhodoftagma is the fame as rhodoftac
tum ; but , from the preparation of it defcribed
by Paulus ofÆgina , there is no doubt of its be
ing the ſyrupum rofatum . But although many
ages paft , the fame thing was expreffed under

two different names , it by no means follows ,

that they were afterwards confidered as fynony
mous . Actuarius alfo makes mention of rhodo
ftagma ;but , from its uſe , it is evident , that under

this appellation he means the water that drop
peth from rofes . How could it happen that
diſtillation was not known , when the utenfils for

it
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ir had been fo long deſcribed by Geber ? We
are indebted to the Arabian phyficians , not only
for our knowledge of feveral purgatives , as man
na , ſenna , rhubarb , tamarinds , caffia , andmyro
bolan ; but alſo of muſk , nutmegs , mace , clove
gilliflower , and other aromatics ; and from them
we learned the uſe of fugar , which they em
ployed inſtead of honey , in fyrups , juleps , con
ferves , and fome confections . Rhazis ſpeaks of
corrofive fublimate , in the ninth or tenth centu
ry; and Avicenna mentions not only it , but
likewife fublimed arfenic , diſtilled water of ro
fes , and the diftillation of bones and hair . Johan
nes Mefues , the younger of Damafcus , writes of
the diftilled water of roſes , and the oils of am
ber , barley , and bricks , in the twelfth century ,

as if they were well known to the antients . In
the thirteenth century , however , chemiſtry be
came ofmore importance to medicine . Thad
dæus a Florentine , who died in 1270 , at eighty
years of age , among chemical preparations , be
ftows great commendations on the virtues of ſpi
rit ofwine . Bafilius Valentinus prepared vari
"ous kinds of antimony , which he ftrongly recom
-mends in practice . As to what is faid by fome ,
that it derives its name of antimony from its bad
effects on the monks ofhis fociety , as if antimona
chal , is entirely without foundation , as Bafilius

himſelf makes ufe of that appellation , which o
therwiſe he certainly would not have done .

Theophraftus

―
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Theophraftus Paracelfus drew the attention of
every body fo much by his chemical medicines ,

that he was the first who was appointed to teach

publicly chemiſtry at Bafil , in the year 1527 .
He was fo violent in his hatred at all fcholaftic

and Arabian productions , that in a rage he burn
ed the writings of Avicenna and Galen at his
first lecture ; fwearing , that full as much learn
ing was contained in his cap . By his induſtry ,
the difference between chemical remedies and

galenical was daily increaſed . It is reported ,
that he cured many diſeaſes by the means ofo
pium and quickfilver. The fingular manner of
living practiſed by this man gained him equal

enemies and admirers . His followers Jofeph du
Chefne , commonly called Querceta , Theodore

de Mayenne , and feveral others , proclaimed the
univerfal excellence of chemical medicines . In
the year 1609, Crollius publiſhed a method of
preparing mercurius dulcis . Many difficulties ,

however , attended as yet the progreſs ofſcience .
The uſe of antimony was prohibited by the fu
preme council of Paris , by an edict in 1566 :
which was renewed in 1650 : And Befnier was

expelled the faculty of medicine in 1609, for
having given antimony in his practice . In the
year 1590 , the Faculty of Paris publiſhed a col
lection of all the proper medicines to be uſed .
The edition of 1637 , contains vinum antimonia

tum : But this difpenfatory was not fanctioned
by
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by the fupreme council , until the 10th April ,
1666. I. Schroeder gave to the world in 1644;
a chemico -medical pharmacopoeia , which was
printed , for the third time , with many addi
tions , in 1649. It delineated exactly the phar
macy of thofe times , and enumerated almoſt all
the chemical medicines that were known to
wards the cloſe of this period . About the fame
time , the Auguftan aud London difpenfatories

were publiſhed . The Copenhagen difpenfato
ry did not appear before 1658.- All of them
wonderful performances , confidering the ſtate of
phyfic at that day . The difcoveries and im
provements fubfequent to thefe do not come
within the limits of the obfcure period .
It was long before fhops for the fale ofmedi
cines were eſtabliſhed in Sweden . When Guf
tavus I. was on his death-bed , Johannes , the
Ordinary of Stockholm had the charge both of
his body and mind . Inftead of an apothecary ,
Lucas was employed ; but it is probable he was
not furniſhed with any medicines of his own ,but
rather preferved and prepared , when neceffary ,

thoſe for the uſe of the royal family. Things
were fo circumſtanced at the time , that John'
' III. granted on the 21ft March , 1575 , to An
thony Bufenius , the power of felling medicines ,

that they might not be ſpoiled with age ; on

condition that a proper and fresh affortment

was always ready . The records of that time
make

•
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make mention of a Simon Walder , an apotheca
ry, living near the great market . Towards the
end of this century , the number of apothecaries
ſhops at Stockholm were much increaſed ; and
by degrees they were eſtabliſhed in the other ci
ties . But it was not until the year 1686 , that
pharmacy was fanctioned by the voice of the
legiſlature .

Scarce any thing certain can be advanced

with reſpect to the ſtate of ordinary chemiſtry ,

and the attention that was paid to it in theſe
times ; nor have we better intelligence of that
part of the ſcience that relates to the various
arts , except fome account ofmetals, and a few
others .

Metallurgy was cultivated long before the
birth ofChrift . Gold , filver, lead , copper , iron ,
and tin, were extracted from their ores ; but in
what particular manner is yet unknown to us .

Without doubt the proceffes employed until
the eight century muſt have been exceedingly

rude and fimple . From that date , however ,

all the writings ſpeak frequently of metals . The
ftatute publiſhed by Charles the Great about the
year 800, mentions " argentum de noftro labo
ratu , ferrarias , et fcobes." The chart ofdi
vifion alfo of Lewis the Pious , in 817 , fpeaks of
metals . Ofredus , a monk of Weiſenberg re
lates , that in his country , filver, copper , and

H iron ,

Co
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iron, were dug out of the earth , and gold ob
tained by waſhing the fand .
After this we perceive metallurgy gradually

affuming the form of a fyftematic fcience . In
that manner was it treated by G. Agricola . His
twelve books on metallurgy were firſt publiſh

ed at Bafil in 1546 ; though it appears from
his epiſtle dedicatory , that they had been pre
pared for the prefs ever fince the month of De
cember of the year 1500. As they contain
much of the knowledge of the preſent day , we
think it confiftent with our plan , to enumerate
them fingly . In his dedication he complains ,
that he had received no affiſtance from the anci

ent writers , except a little from the ſecond Pli
ny. Not one of them attended fufficiently to a
part , and much lefs to the whole art . Of the
Greeks he found no writers , except Strato of
Lampfacus , the fucceffor of Theophraftus , who
was the author of a book (fince loft ) on metal
lic machines and inftruments ; unlefs , perhaps ,
the poet Philo in his Metallicus treated upon
this fubject . But this work too has not efcap
ed the wreck of time . He mentions two books
written in the German language , one anony
mous, on the experiments on metallic bodies and
metals ; but which he fays is very confufed :
The other is by Calbus Friberg on veins ; on
whom he makes this obfervation : " Venter eam
quam fumfit , partem abfolvit ." He fpeaks of

66

Vannon
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Vannon Biringuccius , as of the most modern au
thor who writes in Italian , on the fufion , fepa
ration , and foldering ofmetals ; though not ve
ry perfectly . Upon all this he remarks : " Quo
" autem minus multi funt , qui de re métallica
fcripferunt , eo magis mihi mirum videtur , tot
" chemiſtas extitiffe , qui compofuerint artifici
" um de metallis aliis in alia mutandis ." The
first book refutes all the objections that are
commonly made againſt the exfpectation of any
public or private advantage from the ſtudy of
metallurgy , and vindicates all the honour due to
fuch labours . In the fecond , he treats of thoſe
places abounding in veins of metal , and of the
marks by which they may be diſtinguiſhed ; and
of the rod ofdivination ,ofwhichhe ſays the learn
ed mountaineer has no need . The third book

contains an account of the metallic veins and
ftrata of the mountains . The fubject of the
fourth is the limitation of the mines . In the
fifth we find a treatiſe on the extracting of
ores, on pits , on cutting of mines , on drains ,

and of fubterraneous geography and architec
ture . In the fixth are defcribed the various im
plements , as baſkets , tubs , and machines for

taking away the different materials ; as cap
fterns , ladders , hand baſkets , hydraulic and
pneumatic machines , pumps ; and , laſtly , all

the inconveniencies , but chiefly the diſeaſes to
which the miners are expofed . The feventh

H 2 treats

66
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In this are de
treats on the decimaftic art.

fcribed the docimaftic furnaces , ovens
, difh

es, cupels made of burnt bones or afhes
, alfo

fhades , melting furnaces , crucibles
, iron hooks ,

fcales, buckets for wafhing the ore
, and various

kinds of weights : It teaches the method like

wife of afcertaining how much
gold , filver ,

quickfilver , lead , copper , iron, tin , or bifmuth
, is

contained in every ore ; and in what manner

gold or filver coin may be examined on the
Ly

dian ftone , by proof needles ; the
inveftiga

tion of the qualities of gold by the nitrous acid
,

quartation , and the increafe ofweight from the

filver refiduum ; and many other
things . We

meet in this book with almost every thing now

in ufe in the docimaſtic art , and the fame kinds

ofproceffes ; except that the inftruments
and

methods of operating are become more fimple

and accurate . The lead of Villachia is faid
to

contain no filver . In the eighth book we have

an account of the feparating ores from the
rock ,

ofcalcining and pounding them ; and alfo a
par

ticular method of purifying them through a

fieve , or by waſhing in fome other manner . The

ninth enumerates the various forts of furnaces
,

with their bellows , and the feveral methods
by

which , from the greater portions of minerals,

gold , filver, lead , copper , iron , tin , and biſmuth
,

may be extracted by the means of fire . The

tenth relates in what way gold and filver
may

be
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be feparated from each other by acids , or, in the
dry way , by fulphur , antimony , and cementa
tion . The eleventh fhews the method of fepa

rating filver from copper and iron , by eliqua

tion with lead . The twelfth defcribes the pre

parations of common falt , nitre , alum , martial

vitriol , bitumen , and glaſs . From all theſe ac

counts , therefore , it appears, that the chemists of

thofe days proceeded in their operations as we

do at preſent , except that we have learned , in a

a more cultivated ſtate of the ſcience , to reject

many things as ufelefs, and to form fhorter pro

ceffes . In his book on the nature of foffils , A
gricola treats particularly on minerals . He di
vides all earthy bodies into two claffes , thofe

which flow out from the earth , as water and

fubterraneous air , and foffils ; which he again

arranges under five heads : 1ft, Earths are en
numerated according to the ufe that is made

of them the earth of huſbandmen , of pot

ters, of fullers, painters , artificers , and phy

ficians . 2dly , Concrete juices : falt , nitre , a
lum , vitriol, chryfocolla , ultramarine , Armeni

an ſtone, ruft , orpiment , fandaracha , fulphur ,

bitumen , afphaltus , camphor , piffafphaltus , am

pellites , jett , foffil coal , and amber . 3dly,
Stones ſtrictly fo called : magnet , fchiftus , mo
rochtus , gypfum , talc , amianthus ,mica , theJewiſh

ſtone , and other petrifactions ; geodes , ætites ,

enhydrus , pumex , lapis molaris , and fluor mi

neralis . Gems ; not thoſe only that are tranf
H 3 parent ,
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parent , but others that are opaque : as the jaf
per , & c. Whatever admits of being poliſhed ;

as marble , porphyrites , ophites , tophus , and
flints : Various kinds of ſtone ; as the fand -ſtone ,

the ſtone that cuts eafily , calcareous , and a ſtone
of a thread -like texture . 4thly , Foffils proper
ly fo called metallic minerals , plumbago , py
rites , cadmius , antimony , pomphólyx , lapis affi
us, and earths heavy with concrete juices .
5thly , Metals : gold , filver , quickfilver , copper ,
white lead (tin) , black lead (common lead) ,
afh -coloured lead (bifmuth ) , and iron . Al
though this mineralogical effay is not without
many faults , yet they fhould be ſafe from the

ſeverity of criticiſm , when we confider that A
gricola was the firſt who attempted ſuch a ſyf,
tem .

The progrefs ofmetallurgy , after the time of
Agricola is fully illuftrated by a compariſon of
his writings with thoſe of others ; as of C. En
cellius de re metallica , in 1557 ; of Modeftinus
Fachs , whofe Docimafia , though written in 1567 ,

did not appear until 1595 , publiſhed by his fon ;
of L. Ercker in aula fubterranea , in 1575 ; and
ofMathefius of Sarphat , 1578 , and a few others .
White vitriol begun to be manufactured at
Rammelfberg , anno 1574 .
About the time that the light of the Chri
ftian faith had difpelled the idolatrous gloom of
the northern regions , it is most likely that the

people
1 +
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people turned either to open the inward trea
fures of the earth , or to apply them with more
ſkill to purpoſes of utility . At a convention of
the ſtates of the kingdom at Stockholm , in the
year 1282 , during the reign of Magnus Ladu
las , all the mines and their produce were affign

ed to the public treaſury . Before this time we

have no authentic writings that give any account

of metallurgy . King Magnus regulated by a
law , in 1354 , the mine of Norberg : The privi
leges ofthe mine of Atvidaberg , and of the me
tallic fociety , were granted by King Eric in
1413. In 1420, the mines of Norberg, Bitf
berg , Vikaberg , Silfverberg , Tunaberg, and
Skinſkatteberg , obtained their privileges . Some

privileges , indeed , are mentioned of a more an
tient date ; but the original manufcripts have
fallen in the general ravages of time , which re
quires not many ages to overturn and deſtroy

things far more durable . At a time when no
thing but what was antient was held in any ef
timation , many perſons of ſkill in thefe matters ,
contended , that the mine of Sahlberg was open
ed a ſhort while after the birth of our Saviour :

But no papers or records ſpeak of it ſooner than
the time of Suante Sture . Otto Biſhop ofAro
fien , in his letters to him, dated about the be
ginning of the year 1511 , folicited a part of
this mine . He founded his claim , firſt on his

right as bishop ; and fecondly , on a plea of in
H4 demnification
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demnification for the lofs he had fuftained of the
tenths of the field in which the mine had been
difcovered . In another letter , he wrote to Ste
no Sture , in 1513, he urges his pretenfions ftill
further . The inhabitants of the metallic coun
try of Norberg, in the year 1510, complained
to Suante Sture , that the mine of Sahlberg
lately opened had driven them to great diſtreſs ,

by enhancing the value of provifions , ofwhich
it bought up the greateft part . In Norway we
find ſcarce any account ofworking of metals be
ing properly underſtood , until the fixteenth cen
tury *.
Glaſs was long known , but its application to
the purpoſe of windows is of a later date . It
is one of the moſt uſeful inventions ; as it admits
man to the enjoyment of the clear light of the
heavens, and the ſplendour of the fun , without
expofing him to the unwholeſome changes and
qualities of the air . There are ſome paffages ,
indeed , to be found in antient authors , that
ſeem to imply the uſe of glaſs in windows in the
time of Caligula : But we may , with equal rea
fon , underſtand them asmeaning pellucid ſtones ,

that bore fome refemblance to glafs . Lactan
tius is the firſt of them all, who has given any
certain account refpecting this matter . He fays ,
Verius et manifeftius eft mentem effe , quæ per
" oculos ea, quæ funt oppofita tranfpiciat , qua

66" fi

* Köpenh . Sälfk . Handl . 7 del .
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"

" fi per feneftras lucente vitro aut fpeculari la
pide obductas *."���

66

Not lefs decifive are two paffages in Hierony
mus. In the firſt ofwhich he ſays : " Feneftræ
" erant factæ in modum retis , ad inftar cancel
lorum, ut non fpeculari lapide , nec vitro , fed
lignis interrafilibus et vermiculatis include
rentur ." In the other he fpeaks of " fenef
tris, quæ vitro in tenues laminas fufo obductæ
" erant ."Windows made with glaſswere known
towards the end of the third century : But this
application of it did not become general until
ſeveral ages after . Some churches in France
were furniſhed with windows after this manner ,

in the time of Gregory of Tours . The Greeks
beſtow great praiſes upon the vast number of
glass windows that adorn the round tower , com
monly called the cupola , of the great church of
St. Sophia built at Conftantinople , and which
was dedicated to our Saviour by Juftinian §.

66

66

In the ſeventh century manufactories of glaſs
were eſtabliſhed in France ; from whence , to
wards the end of it , feveral artificers migrated

into England , where the art was hitherto un
known . The eight century carried the in
vention into Germany and Italy , and the ninth
extended it to the northern regions , On read

ing
* De opificio Dei , c . 8 .
In Hef. xli . 16 .
De gloria martyrum .
Paulus Silentiarius .

Fleury hift . ecclef,

1
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ing of the fingular effects which the rays of the
fun , tranſmitted through the windows of the
cupolas , are reported to have produced within
the churches , it would appear, that the glafs

then uſed was tinged with various colours ; al
though we do not find it mentioned to be fo any
where .

In Italy , long before the birth of Chriſt , we
meet with fepellated works , compofed of vari
ous kinds of ſtones , and pieces of glaſs of diffe
rent colours , the art of which the Italians had
acquired from the Greeks . And yet, until the
eight century , coloured glafs was never uſed in
ornamenting the windows of their churches .
After that time , however , they had windows

conftructed with bits of variegated glaſs , under
the form of flowers , crowns , and other devices .
And at length , in order to give encouragement
to pious meditations , artiſts were employed to
reprefent upon them ftories from the holy fcrip
tures , or the tranfactions of faints . At firſt, and
even as late as the end of the twelfth century,
black figures only were burned in upon red
glaſs , which afterwards became rather ſcarce .
In the thirteenth century the art was commu
nicated through Germany , Holland , and Italy .
About the end of the fourteenth century , glafs
was ſtained with many other colours than red ,
owing chiefly to the pains and induſtry of John
van Eick , or von Brugges ; and by degrees the

ix

art
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art was carried to perfection in the 16th centu
ry: From which time it has fallen infenfibly into
decay ; in fo much , that there is reafon to fear,
it is now totally loft .
The method of painting in enamel is nearly
the fame as in glaſs. Raphael Sanzio and Mi
chael Angelo Buonarotti were the first in Italy
who carried this antient art to any height . Ne-.
ri affirms , that pictures were made in this man
ner by the means of a lamp , in the year 1601 ;
and that John Toutin a French goldfmith ren
dered them afterwards much more perfect t.
The art of imitating gems engaged confide
rably the attention of the alchemifts . R. Lulli
us is ſuppoſed to have made great proficiency in
it, and Ifaac Hollandius ftill more about the be
ginning of the ſeventh century t . Neri labour
ed yet further in this purfuit . He collected all

the various proceffes of others , examined them
carefully , and publiſhed thofe that he thought

were most likely to fucceed . He knew in what

manner red glafs was prepared with gold , and
taught how to ftain it with any other colour .

He deſcribes the preparation of ultramarine and
lac , and makes mention of the Piedmontefe
magnefia .

4

Some of the more antient amaufa§ ofa bluiſh
colour

* Ars vitr . c. 42 .
+ Dict . des arts et des metiers.
Op . min . 1. i. c. 70. ii . c. 89 .
§ A kind of ſemi -pellucid ftone , of which the antiente

made vaſes and other veffels .
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colour , from Egypt , and pieces of glaſs of the
fame dye from the ruins of Herculaneum , are
yet in exiſtence . Hence it has been concluded
by fome, that the ufe of cobalt was known to
the antients : Though the more modern che

mifts rather queſtion it ; as by all the trials to
which they have fubjected the fpecimens of
their art, they diſcovered traces of lapis lazuli ,

iron, or copper , but no cobalt .
Among the collection of ftones in the academy

of Upfal , are preferved fome glafs checquers ,
found inHerculaneum ,which have an azure tint ,

are tranfparent , and feem to owe their gold co
lour to a thin plate ofyellow glaſs , to which they
are very ſkillfully united . But they are by no
means coloured with cobalt . For having only a
flight bluish tint , ifthey are examined by the re
fracted rays of light , the redneſs characteriſtic of
cobalt willnot befound in them . Befides , when
ſmall pieces of theſe checquers are melted bythe

blow-pipe upon charcoal , either alone or with
borax , the red and opaque hue of copper is eafi
ly diſcovered .
The ores ofcobalt , which , together with fil
ver, contain bifmuth , fhould have fuggeſted the
application of the blue fcoriæ to fome uſeful
purpoſe : But they were long reckoned among
the refufe only ; until Seb . Preufsler eſtabliſhed
a manufactory for glaſs with cobalt , in Bohemia ,

in
* Cel. Gmelin . in A&tis Gotin.
Encelius de re metallica .
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in 1571 , and John Jenitz and Jofeph Harren ,
followed his example , in 1575 , in Saxony . In
the year 1564 , David Heidler , in Bohemia , and
Hier . Zurch in Mifnia , had already found pro
ceffes for collecting arfenic from them.

From the paintings in Herculaneum we fee ,
that all the colours that are prepared with wa
terwere known long before the year 79. With
theſe the ancients painted on walls freſh plaifter
ed . The art of mixing colours with oil , it is com
monly believed , was invented by John Von
Brugges , about . 1431 ; though it is fufficient
ly evident that it was practifed in the 11th
century .
Very little improvement was made in the art
of dying, for many ages from the beginning of
this period . The Greeks and Saracens of Eu
rope uſed the purple of the Weft ; but at length
this colour fell into difefteem, and the more

brilliant red was preferred : In ſo much that ,
in the 12th century , the fecret of ſtaining with

the purple perifhed likewife in the Eaft . By the
expeditions of the crufades ,many artiſts , and with
them various arts found their way into Italy ;
and the chief of them took up their refidence
at Venice , to which port moſt of the veſſels
from the Eaft reforted . As early as the year

1194, 1198, and 1306, mention is made of the
grana de brafile , braxilis , and indigo : Though
they certainly did not mean thofe fubftances

which
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which were afterwards furniſhed by América.
The name braxilis no doubt was derived from

fome other place than the Brafils , which in
thoſe days was yet undiſcovered ; and the in
digo ſeems to be the fame pigment with what
is called indicum by Pliny *.About the
year 1300 a Florentine merchant diſcovered by :
accident that the mofs of Rochelle (called by

the Engliſh manufacturers cudbear ) gave a blue
tinge to urine ; and , making repeated experi

ments ,' he learned to uſe it ſo fucceſsfully in dy
ing this colour , that it not only procured wealth
to himſelf , but was fo advantageous to the
Florentines , that his defcendents all went by the
name of Rucellians . In 1429 the Venetians pre
fcribed rules to their dyers ; which were render
edmore perfect , and republiſhed in 1510 by John
Ventura Rofetti ,under the feigned name ofPlich
tus . With theſe inftructions the art improved
elſewhere , and was daily extending : But the

materials afforded by the diſcovery ofAmerica ,
of which the principal were the indigo and co
chineal , contributed more than any thing elſe
to its great increafe . Indigo , however , was not
altogether trufted , and , for a long time , was not
in fuch eſtimation as woad ; and the uſe of log

wood too was often prohibited . During the
reign of Francis I. of France , Gilles Gobelin at
tempted thy dying of fcarlet . His firft effays

were

* H. N. 1. xxxvi . c. 6.
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"

were confidered as madneſs ; and when , con

trary to expectation , they proved fucceſsful ,

he was robbed of the praiſe due to his genius by

the ſuperſtition of the age , which attributed the
diſcovery to the interference of the devil , with
whom he was believed to be in league . P.
Kloeck , a Dutch painter , acquired great ſkill
in the uſe of colours in the Eaft ; which he car
ried to great perfection in his own country , and
died there in 1550. In England and in Germa
ny , about the ſame time , this art was making

great progrefs ; though it was ftill generally in
volved in rudeness and obfcurity ; until the
patronage of Colbert in France gave it new
powers , and threw light on all it

s operations * .
Themortar employed by the antients in their
buildings , is o

f

ſuch confiderable hardneſs , that

many have been led to ſuſpect it was prepared

in fome way with which we are unacquainted .

Though there can be no doubt that the mate
rials that compoſe it were better mixed in thoſe
days than a

t prefent ; yet , as hard lumps o
f

the

fize of a pea or abean are often found in it , there
muſt ſurely have been fome error , either in the
burning o

r flaking ofthe lime , or in the mixture
itſelf . On examining narrowly the mortar ofthe
antients , it is found to contain more fand than

the mortar of the preſent day . The authority
of

Bifehoff Gefch . der Färberkunft .
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of Pliny *, and Vitruvius †, confirms this obfer
vation ; for they both direct , that when it is
made with pit fand , a fourth part of lime ſhould
be uſed ; and , when with river or fea fand , a
third part , according to the bulk . From expe

rience , however , we are taught , that the pro

portion of the materials muſt be varied , accord
ing to their quality, and to particular circums
ftances. The antients burned their lime on the
fpot where they were building ; and it is cer
tainly of the greateſt importance to uſe it quite
freſh . But , even as it is , the common mortar
employed at prefent hardens in a ſeries ofyears ,

and will become a perfect ſtone , unleſs local ob
ftacles ariſe to the abſorption of the aerial acid ,
or counteract its effects .

§ II. Of
* H. N. 1. xxxvi. c. 23 .
Arch. 1. ii. c. 5.

‡ Not many years ago it has been diſcovered, that the pe
trefaction of mortar requires a much larger proportion of fand
than is generally given , viz . about three to one (according to
the obfervation of Pliny ) ; and that by ufing lime hot from
the kiln , without tempering it , the mortar binds and confo
lidates to the hardneſs of ftone. It is not a little extraordina
ry, that this confirmation of antient oeconomy in maſonry
fhould have been fo lately eſtabliſhed .

Note of th
e

Tranflator .
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Si1 . Of the Great Work .

BEFORE We take into confideration the mak
ing ofgold , a fubject on which the alchemiſts
laboured with the greateft zeal and induftry ,

two questions naturally prefent themſelves , and

demand our immediate attention . The firſt is,

Whether the problem is capable of a folution ?
the next ,Whether any one has really ever made
gold ? Let us examine them ſeparately .
Firſt of all , it is neceffary to determine the
precife meaning of the " making of gold ,” be
fore we can venture to hazard an opinion , or
purſue the enquiry . Gold, as well as all other

metals , is compofed of a proper metallic earth ,
and the principle of inflammability . There
fore , ifwe do but find the former , and expofe
it to a fufficient degree of heat , we are preſently
in poffeffion of perfect gold . If then this ope
ration is called making of gold , by the fame pa
rity of reaſoning , we may beſtow that appella
tion on the daily proceffes of reducing metal
lic calces ; which is repugnant to the ufual
mode of expreffion . Let us then trace themat
ter from its fource . There can be no doubt ,

that the Almighty only is equal to the task of
creating the original elements and principles of
bodies ; but, it is fo far from being inconfiſtΙ΄ ent
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T

ent with this idea , that , by a due examina
tion of the laws of attraction obferved by na
ture , chemiſtry ſhould be able , from theſe prin
eiples variouſly connected and prepared , to com
poſe numerous inorganic fubftances , either re
fembling the fpontaneous productions of our
globe , or wholly new and different from them ;

that it is rather in fuch operations , and the pro
fecution of fuch defigns , that the fcience of che
miſtry is at this day employed ; and , in propor

tion as the conſtituent parts of bodies and their
properties are previously known , will always be
the fuccefs of its labours . If therefore the prox
imate principles of this golden earth are phlo
ifton and a certain acid , which may be eaſily
fuppofed , the queſtion then is reduced fimply

to the obtaining this acid in a fufficient quanti
ty; for the phlogifton is every where to be
found . By the means of the latter , the acid be
ing fixed and coagulated , the earth is procured ,
and the reft of the procefs is carried on without
any difficulty ..
As it is moft probable , that the acid of gold
has fo powerfulan attraction for phlogiſton that it
cannot exift long without it , it may be queftion
ed , whether more of this acid can be found in
the bowels of the earth than what has already
affumed the form ofgold , or at leaſt of the earth .
In this opinion , however , though we are ſafe
from contradiction ; it does not imply that , if

the

CO
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the acid were found in a ſeparate ſtate, it would
be either impoffible , or beyond the powers of
chemiſtry to faturate it with phlogifton .
The alchemifts contend , that the principle
of gold, though corrupted by various caufes , is
contained in all the metals ; and that, ifproper
ly purified and freed from extraneous matter ,
it may be brought into its perfect ftate , From
what has been faid before , then , this is as much

a
s to declare the original acids o
f

all metals to

be the fame ; from which , either by varying the
proportion , o

r by the admixture o
f heterogene

ous fubftances , nature produces fuch different
effects , that , by the addition o

f
a certain quan

tity of phlogifton , according to the capacity of
the ſubſtance , not only gold , but various kinds
of metals are in the ufual manner produced .

To correct the errors of theſe proportions and
combinations , by the means of their elixir , or

philofopher's ftone , was the great aim o
f

the al
chemifts ; fo that all the bafer metals might be
converted into gold , o

r
, in their own language ,

to tinge the imperfect , in fuch a manner , as to

render them all the moſt perfect o
f

metals .

If we attend to the experiments hitherto
known , and made with the greateſt care , we
fhall find but little o

r

no encouragement to be
lieve in the tranfmutation of metals or other

more fimple bodies . In thoſe days , when the
inveſtigation o

fphilofophers were not made withI z the
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the fame precifion as they are at prefent , the e

vent of many experiments fometimes affumed

fuch appearances of change ; but theſe illufions

no longer exiſt . For fubftances which are not

fuppofed to contain any gold , may ſtill conceal

a very ſmall portion of it in their compofition ;

as we know that, except iron , no metal is more

frequently to be found , though , from its ex

treme minutenefs , it often eſcapes our obferva

tion . Let then fuch a fubftance be expofed to

a continued and violent fire , which nothing will

refiſt , except the grain of gold . At the fight of

it, the operator , believing it to be created by his

ſkill, not extracted (as it really is) from the fub
ſtance he employed , is tranfported with joy.
Difcouraging , however , as this may appear , no

one , who has at all explored the fecret paths of
nature with induftry and penetration , will deem

that impoffible , which does not militate againft

a known and eſtabliſhed truth . In the queſtion
now before us, no fuch difficulty has been dif
covered . Daily experience furniſhes effects a
nalogous to thofe , of correcting and purifying
bodies mentioned by the alchemifts . For , do
we not fee , that a fmall quantity of leaven is
fufficient to ferment a large quantity of new
wine ; fo that the vinous fpirit , which was before
contained in the grain , or entirely concealed , is
evolved and liberated from thoſe particles with
which it was in intimate union , or compound

ed,
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ed , by a due proportion of its conſtituent prin
ciples . Who then will be bold enough to af
fert , that no change can be wrought upon the
bafer metallic acid , by any additament however

fmall , either by adding , fubtracting , tranfporting ,

o
r in any other way , fo that it may be convert

ed into a nobler kind ?

The opinion that bodies formed by art are lefs
firm and perfect than thoſe of the fame kind
produced by nature , is to be received with fome

limitations ; as art has given birth to many ſub
ſtances , that agree perfectly in their qualities ,

with thoſe o
f

natural growth . Cannot neutral
falts , and fuch like fubftances , perfectly fimilar

to thoſe that are native and pure , be prepared by

art ? And may not many other bodies likewife ?

If fometimes , indeed , the combination feems to
be rather loofer , it is to be afcribed to the great

e
r quantity ofmoiſture retained in them , and

which natural productions have loft through
time .

From all , then , that has been already ſaid , it is

evident , that the impoffibility o
f making gold ,

o
r tranſmuting metals by art , cannot be demon

ftrated : Yet whoever thinks therefore , that the
poffibility is proved , will find himſelf greatly
miſtaken . Between two ſuch extremes the in
terval is very wide . Or if it be imagined , that
any certain conclufion can be drawn apriori , it

will be found , that a more perfect knowledge

13 of
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of nature is required , than has as yet been
diſcovered . But even granting the poffibill
ty , it remains next , to carry it into execu
tion : For it does not follow, that every thing

that is poffible to be done is within the power

of art to perform . Should the experiment fuc
ceed by a fair procefs , all further enquiry about
the poffibility of it is at an end ; for the fact un
der fuch circumftances is abfolutely decifive .

LA

:

We are now, in the next place , to confider ,
whether , of the great number who called them
felves adepts, any one has actually compofed
gold. The folution of this queftion is entangled
in many difficulties , owing to the want of pro
per and faithful defcriptions of the many tranf
mutations . The teftimony of ignorant ſpecta

tors is as little to be depended on as the affer
tions of the writers themfelves . In the proceſs
many deceptions have been practifed : Gold has
been concealed in the veffels , in the inftruments ,
in the coals , and in other materials . But tho'
this may be faid of ninety -nine of a hundred
fuch affertions concerning the tranfmutation , it
may be alledged , that it does not apply indefi
nitely: Where , however , fuch affertions are not
fupported by abfolute proof they must remain
Inadmiffible .

te

But fome accounts are entitled to a greater
degree of credit . For , doubtlefs , if a perfon
who has no faith in the changes of alchemiſtry ,
fhould obtain by chance a ſmall piece of the

philofopher's
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philofopher's ftone , and , on making the expe
riment alone in his cloſet , procure a quantity of
gold heavier than the weight of the ſtone ; will
it not be difficult to explain in what manner he
was liable to be deceived .- Something fimilar
to this feems to have happened to Dr. Helve
tius at the Hague . He was a conftant oppofer

of the great mystery that was to cure all diſea
fes ; and declared his opinion of it in a work he
publiſhed againſt the ſympathetic powder of
Digby . On the 27th December , 1666, a ſtran
ger paid him a vifit ; who after difcourfing fome
time on the nature of an univerfal medicine ,

produced the philofopher's ſtone , of the colour
of fulphur , and five pieces of gold ; defcribing
the manner in which they had been prepared .

Helvetius earneftly petitioned for a fmall piece
of the ftone in remembrance of him ; or elfe
that he would difplay its virtues in the fire . The
ftranger refuſed both requeſts , but promiſed to
return in three weeks . Accordingly , he kept

his word ; but it was with great difficulty that

he would part with a bit of the ſtone not larger

than a grain of rape -feed : And Helvetius doubt
ing , whether ſo ſmall a quantity was ſufficient
to change four grains of lead into gold , the
ftranger cut off more than the half of it, affur
ing him the remainder would be more than was
neceffary . At their firft meeting , Helvetius had
fcraped off with his nail , unknown to the ftran

I 4 ger ,
*
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ger , a fmall particle of the ftone , which he af
terwards threw into fome melted lead ; but the

whole almoſt evaporated , leaving behind only

a kind of vitreous earth . On his relating this
diſappointment , the alchemift candidly acknow
ledged the deceit ; but directed him in future
to incloſe the ſftone in wax , that it might not
be affected by the fumes of the lead . He in
ftructed him in other circumſtances likewiſe ;
told him that the whole procefs could be com
pleated in a few days , and that two florins would
defray all the expence . In order , however , to
teach him the method of performing the ope
ration , he promiſed to be with him again the
next day . The appointed hour came , but no
ftranger ; and Helvetius having waited for him
with fome impatience , but to no purpoſe , re
folved onmaking the experiment in prefence of
his wife and his fon . To fix drachms , of lead
melted in a crucible , he added the piece of
ftone he had received the day before , wrapped
up in yellow wax ; then covering the crucible ,

he left it for a quarter of an hour expoſed to the
fire ; at the expiration of which he found the
whole mafs converted into gold . At first , it ap
peared of a greenish colour ; but being poured
out into a veffel of a conical fhape , it affumed a
tinge like blood , and afterwards , as it grew cold ,
the true golden hue . This gold was examined
by a goldfmith , who found it fo very pure , that

•

he
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A.

he reckoned an ounce of it to be worth fifty

florins . Porellius , the general affayer of the
coin throughout the province of Holland , re
quefted , that he might be permitted to make

trial of it ; and examining two drachms of it by
quartation and aquafortis , he found it had in
creaſed in weight two fcruples . This change he
attributed to the effect of the great abundance
of colouring matter , which had tranfmuted fo
much of the filver he had employed . Sufpect
ing, however , that the filver was not firmly u
nited with the gold , he melted it again , with
feven times its bulk of antimony , and treated
it in the ufual manner ; but without producing
any alteration on its weight .:

Such , then, is the account given by Helve
tius ; and as the man who furnished this ex
traordinary ftone never entered his laboratory , or

was even preſent at the operation , no fraud

could be practifed by him ; and it will not be
eafily proved in what way he might have de
ceived himſelf. The whole argument , therefore ,

refts on the credit of Helvetius . For , if he has
concealed any one circumftance relating to the
procefs, oradded others that are falfe , the quef

tionwill be juſt as obfcure as it was before .

*

His defcription , to be fure , betrays the ar
dour of his defire to learn the chryfopoietic art ;

nor can any one anſwer for the probity of an
other: Yet it would be highly unjuſt to accuſe

any
KIN
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any one of a defign to deceive all mankind, un
lefs upon better grounds ; as the impoffibility

of the tranfmutation in queftion , can never be
demonftrated . Berigardus of Piſa, gives an ac
count of fomething fimilar that happened to
himſelf. He defcribes it in the following words * :
" Referam , quod olim mihi contigit , cum vehe
" menter ambigerem , an aurum ex hydrargyro
fieri poffet, accepi a viro induftrio , qui hunc mihi
fcrupulum auferre voluit , drachmam pulveris ,

" colore non abfimilis flori papaveris fylveftris ,
odore vero fal marinum aduftum referentis ,

" atque, ut abeffet omnis fufpicio jocofæ fraudis ,
" vafculum e multis venalibus accepi , carbonem
" et hydrargyrum , quibus nihil auri occulte , ut
" fit a circulatoribus , fubjectum effet . Decem
iftius drachmis pulverem injeci , fubjecto igni

" fatis valido , ftatimque omnia , exiguo inter

"trimento in 10 fere drachmas auri optimæ na

" turæ coaluerunt : quippe quod aurificum judi
" cio nullam non fubiit tentationem .. Hoc mi

"hi in folo loco et remoto ab arbitris , nifi com

"probaffem , fufpicarer aliquid fubeffe fraudis :

“nam fidenter teftari poffem rem ita effe . " I

B
.

Van Helmont thus expreffes himſelf : " Co
gor credere lapidem aurificum e

t argentificum ,

qui diftinctis vicibus manu mea unius grani

" pulveris fuper aliquot mille grana argenti vivi

" projectionem feci , aftanteque multorem corona

86

" noftri

66

"

66

1

36

Circulus Pif . 25 .
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noftri omnium , cum titillante admiratione ne
gotium in igne fucceffit ." And in another place
he fays , " Dabat mihi forte femigranum illius
pulveris , et inde unciæ 9 atque argenti vivi
" tranfmutatæ funt . Iftud autem aurum dedit
" mihi peregrinus unius vefperi amicus * .

66

It is related of the Emperor Ferdinand like
wife , in 1648 , and of the Elector of Mentz , in
1658, that they both made trials of the philo
fopher's ftone with the greateft attention , re
moving every thing that might in the leaft coun

tenance impofition : But the meafures they took

are not exprefsly defcribed +: From the nature
of the evidence , however , in ſupport of this re
lation, there can be no reaſon to fufpect the
truth of it . With regard to other accounts of
tranfmutations , of which the lift is ſo nume
rous , fome bear fuch ftrong impreffions of fraud ,
as to betray the means even by which they

were effected ; while others have been conduct

ed in fuch a manner , that though their fallacy

cannot be inconteftibly proved , yet there is e
very reafon to apprehend they are equally
doubtful and uncertain . As to the ftory of fix
drachms of lead changed by one drachm of the
philofopher's ſtone , into a maſs of gold equal to
the weight of 147 golden ducats , by General
Otton Arnoldus Paykull , when in priſon in the

year

16

66

* De arbore vitæ.
Moncony's travels . See alfo in § 6. under the name

Richthaufen .
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1

year 1707 ; fome circumſtances in it are men
tioned by Dr. U. Hiærne * , formerly the King's
phyfician , which, though different from any

in the former accounts , do not altogether ex
clude fufpicion . There is no doubt , that

Colonel Hamilton faw the preparation of the
powder to be employed in giving the necef
fary colour , and that , unknown to Paykull , he
had made it from materials he purchaſed him
felf, and which he was certain contained no
gold; but the colouring powder was thrown in
by Paykull ; and it does not appear that the
crucible was ever carefully examined , in which
gold might have been concealed in various ways .
Befides , the very circumftance of the weight

occafions doubts . For , fuppofing that the whole
of the fix drachms of lead , and one of the co
louring powder was converted into gold , how

are we to underſtand , that the weight of the gold
fhould exceed that of the materials in the cru
cible more than twenty times , without affum
ing the power of the Almighty , who alone is
equal to the task of creation ? Arnoldus of Vil
la Nova , at Rome , is reported to have tranſmu

ted iron into gold . The fame is faid of R. Lul
lius , who performed this change before King
Edward at London , who ordered fome rofe
nobles to be coined from the metal . And we

read of L. Thurneiferus exhibiting in 1587 , be
fore

Su . Magaz. part i. p. 220.- 237 .
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fore Ferdinand I. Grand Duke of Tuſcany ; and
of Cofmopolita , in the preſence of the Duke of
Saxony ; and Sendivogius before the Emperor

Rudolphus II . and fimilar ftories of many o
thers . But from all theſe various accounts , the
truth is not rendered in the leaft more obvious .
Nay , by the diſcovery of the fraudulent mea
fures of Thurneiferus , it is evident he took pains
to conceal it.

There is a report of a tranfmutation perform
ed in Pomerania , before king Guftavus Adol
phus , and that ducats ftamped with the figns of
mercury and copper were coined from the gold

produced by it * . Alfo , a ftory is told of a
merchant of Lubec giving in a preſent a hun
dred pounds of chemical gold , to the fame king ,
from which ducats were made bearing the figns

ofmercury and fulphur. One of theſe pieces of
money , ftruck at Erfordia , in the year 1634 , is
ftill to be ſeen in the royal cabinet of medals ;
bat no conclufion can be drawn from it, as we
have other coin of Erfordia , called grofchen,
with fimilar impreffions . After the Saxons

made peace with the emperor , the Erfordians
were no longer permitted to coin money with
the Swediſh arms t
Among all the various inftances of tranſmu
tation fo warmly fupported by the believers in

alchemiſtry

* Borrichius de ortu et progreffu chemiæ , ad finem .
Berchs Beſkrifa, om Suenfka mynt och Skädep . p . 3.
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alchemiſtry , the greater number are fallacious ,

manyuncertain ; and fome are of fuch a nature ,
that , while the faith of hiſtory is admitted , they

cannot well be called in queftion . The harfh
eft fentence , therefore , that we can pronounce
upon them is , that the perfons who made the ex
periments may poffibly have been deceived

themſelves ; and that , as the different ſteps they

took are not very clearly related , we ought to

fufpend our judgement , until fuch time as we
can have an opportunity of repeating the expe
riments under our own immediate obfervation .

It must be acknowledged , however , that more
circumfpection will be neceffary in the invefti
gation of a fubject of this kind , on which parti

cular phyſical opinions are eſtabliſhed , than of
a fact on which every witnefs of common fenfe

is able to give a determination * .

Siii. Of
* It is now almoſt five years fince the eyes of all the world
were attracted by the experiments of Dr. James Price , F. R.S.
of London, which feemed to revive the ſpirit of of alche
miſtry , fo long neglected by every genuine chemift . He
produced a red and a white powder that he had prepared him
felf ; with which he boaſted he could convert mercury into
gold or filver . And that he might prove the truth of his affér
tions he made feven different experiments before a number of
reſpectable perſons affembled for the purpoſe . See , " Account
" of fome Experiments on Mercury , Silver , andGold , made at
" Guilford , in May, 1782 , in the Laboratory of James Price
" M. D. F. R. S. & c . Oxford , 1782. 4to . " Likewife the
London Chronicle , 19th October , 1782 , and "Crell's Neuefte
" Entdeckungen in der Chemie , th . S. 1783. p . 275. " But

as
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§ 111. Of the Univerfal Medicine .

AGREEABLE to the plan of this work , the
hiftory of an univerfal medicine offers itſelf next
to our confideration : And from the great pati

ence and induftry with which the ftudy of it
has been profecuted , equally with the making

of gold, by many chemifts , it becomes a fubject

more worthy to be inveftigated .
Although

as a
ll

the powder h
e

had prepared was confumed in thefe ex
periments , and as he declined making any more on account of
the tedious and unwholeſome procefs , the question remains yet

to be decided . Probably , though in other refpects a man o
f

learning and integrity , yet he was not proof againſt the infi
nuations of vanity and the defire o

f

fame , through which he

was led to declare h
e had diſcovered the cryfopoietic art . His

unfortunate end in fome meaſure authorizes this conjecture .

Forwhen preffed on al
l

fides , b
y

the doubts and interrogations o
f

his adverſaries , to renew his powder , and repeat his experiments

before men o
f

ſkill and feience , he ſeems to have thought it ea
fier to put an end to his own exiſtence by laurel water , than to

create gold for their fatisfaction . Crell's Chem . Ann . 1784 .

Note o
f

the Tranflator .

Sir Kenelm Digby at a meeting o
f

the Royal Society , foon
after its inftitution , produced a ſmall piece o

f gold , which he
afferted to have been made by the great proceſs o

f

tranfmutation ;

faying , " Gentleman , I affure you Iwas formerly fo great an

" infidel that I could not have believed it , except I had feen

“ the fact with mine own eyes . ” 66Marry come u
p
( ſaid Sir

" Thomas Brown of Norwich ) I am perfectly of Sir Kenelm's

" opinion ; nor will I give credit to the making ofgold , until

" I behold itwith my own eyes . "



144 THE HISTORY OF CHEMISTRY ,

Although from the remoteft period an opi
nion has obftinately prevailed , that a medicine

endowed with the property of defending the
body from diſeaſe , and rendering old age vigo
rous and chearful , might certainly be diſcover

ed ; yet we do not find any of the celebrated
phyſicians make mention of fuch a wonderful
medicine except Actuarius *. Of the virtue of
the philofopher's ftone, and the preparations of
gold in the cure of diſeaſes , we have the firſt
account from the Arabians . Geberus long ago
faid , "Elixir rubeum omnes infirmitates chro
" nicas , de quibus medici defperarunt , curat ,
¿
et facit hominem juvenefcere ut aquilam † .”
And Morienus fays, " Lapis nofter perfecta me
“ dicina eſt , habens virtutem præ omnibus me
" dicinis et potionibus , fanandi univerſas infir
" mitates hominum t." The ftory of Arthephi
us , who faid he had lived tooo years, by means
of an univerſal tincturé , is known to every bo
dy. Roger Bacon propofed a fimilar medi
cine to Pope Clement X. which he extolled
highly, as the invention of Petro de Maharn
court . Afterwards authors frequently inferted

ſeveral things in their writings reſpecting this
univerfal medicine ; and of theſe Arnoldus de
Villa Nova , R. Lullius , Joh . de Rupefciffa , Ba

filius

*Meth medendi . 1. iv. c. 6 .
+ Summa Perfectionis Magifterii.
In Dialogo cum Rege Calid.
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filius Valentinus , and J. Hollandus , were the
moſt remarkable . Hence aroſe the abfurd and

dangerous notion , that all difeafes could be cu

red by one medicine , health preſerved without
interruption , and old age protected from infir
mity unto the laft hour of existence . In this
manner , though the practice of medicine was
rendered exceedingly fimple , yet it was erro
neous and inconfiftent with its true principles :
For phyficians neglecting the neceffary invefti
gation of caufes, trufted entirely to the gene
ral virtues of their ſpecifics , and rendered their

art dependent upon chemistry ; which Boerhaave
fays , " Egregia illius ancilla eft , non alia pejor
" domina ." But of all thoſe who were remark
able for fupporting this opinion , the moſt extra
vagant were Theophraftus Paracelfus , and Joh.
B Helmont ; who not fatisfied with having by
means of their remedies protracted the term of
life to a good old age , carried their folly fo far ,

as to infift it might be extended confiderably
beyond the limits affigned by nature . They

indeed performed ſeveral cures by their violent
medicines . But neither could Paracelfus , with

his " Elixirum Proprietatis ," defend himſelf
againſt the king of terrors ; nor Helmont ,
with his Alkaheft , difarm the fury of that fub
tle fpirit , to which he attributed every diſeaſe :
For both dying before they were old men , af
forded a ſtrong inftance of the vanity of their

doctrineK
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doctrine , and inefficacy of their practice . Such

then , were the chief opinions of authors on the
ſubject of an univerfal medicine , which prevail
ed fo long , and with fuch extenfive influence ;

nor ceaſed until the nature of diſeaſes , and the
powers of remedies were better underſtood .
What it was that occafioned gold to be con
fidered as an univerfal medicine is perhaps not
fo eafy to determine . Probably it was indebt
ed for this character to the metaphorical lan

guage of the Arabians ; who , confidering all the
media they believed neceffary to the tranſmu
tation of the bafer metals into gold as medi
cines , diftinguiſhed gold by the appellation of
a ftrong and healthy man , while the other me
tals were in general deſcribed as men labouring
under diſeaſe and infirmity . The chemiſts of
the fucceeding age reading this language , would
probably apply it literally to the human body.

And it is not unlikely , from the high opi
nion they entertained of the power and activity

of the philofopher's ftone , and the moderate
temperature of gold , with regard to heat and
cold , that they conceived fome hopes of its
efficacy in diſeaſes of a very oppofite nature .
The great virtues afcribed to the univerfal
tincture , were believed to arife from its agree

ment with thoſe elementary and general prin

ciples on which the phenomena of life and death
depended ; and, from it
s great purity , that

could
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could not fuffer the prefence of any earthy , grofs ,
or unclean fubftance in the human body ; but
confuming them , as it were by a ſecret and in
fenfible fire , diſcharged them by the ordinary

natural ducts . They imagined , that it did not
act like other medicines , but ſpread its influence
chiefly on the natural heat and vital fpirits ,
preferved the radical moisture, averted every
thing noxious from the heart , moiſtened the ar
teries , and purified the blood . Such were the

wonderful qualities they attributed to their tinc
ture , that they recommended it in all diſeaſes , ex
cept thoſe that were conftitutional , coeval with

our birth , or that required chirurgical affiftance .
There can be no doubt , therefore , that its fuc
cefs was wholly imaginary . For let it be ad
mitted , that it had the power of effecting the
tranfmutation of metals , furely it will not fol
low , that it ſhould poffefs the fame influence on
the human body . The immenfe difference be
tween animated exiſtence and unorganiſed maf
fes, muſt convince us of the abfurdity of fuch
an opinion . Amidft the numerous band of dif
eaſes to which the human race is expofed , fome
arife from obſtructed vifcera , from debility , from
a defect in the nervous fyftem , from redunden
cy of bile or blood , or from various other cauſes ;

and each, according to its peculiar character ,

requires a particular method of cure , and me
dicines very often exceedingly oppofite . It is

K 2 therefore
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therefore fufficiently obvious , a priori , that little
faith can be given to the virtues of any one me
dicine , which is expected to fubdue inftanta
neouſly all diſorders , though arifing from very dif
ferent cauſes ; and fo both to excite and repreſs eva
cuations ;-that is required to cure thoſe diſeaſes
that fpring from a too rapid circulation of the
blood , as well as others occafioned by a circu
lation too flow ;-that is to reftore parts affect
edwith gangrene to their former health and vi
gour ; and perform many other things equally
as ftrange and contradictory . The want ofpro
per experiments prevents our reaſoning a pofte
riori. As to the various accounts of Artephius,
of the ſtone of Butler, and of the furpriſing cures
performed by Polemannus and Burrhus , they

arefo vague , and repugnant to the general cha

---

racter of truth , that the ignorant and the cre
dulous only can listen to them .

SIV. Of the chiefDifcoveries in Chemistry made
during this Period .

To throw fome light upon the progreſs of this
fcience , we ſhall now take notice of the various

new preparations , of the inftruments employed ,
and the different operations.

In Salts the greateſt variety has been produ
ced. And to the acetous acid , which was for

merly
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merly the only one known , many other acids
have been added . The method of extracting
an acid from vitriol of iron is deſcribed by Baf.
Valentinus , who calls it oleum vitrioli ; and ſtill

better by Dornæus , who occaſionally makes
mention of oleum fulphuris per campanam . R.
Lullius obtained an acid from nitre ; and B. Va
lentinus , when about to diſtil the aquam nitri , as
he calls it , put a triple proportion of the pulve
rifed fragments of unbaken earthen veffels with
the nitre into the retort , and half a proportion of
water into the receiver . But Glauber was the

firſt who employed the ſtronger vitriolic acid for
this purpoſe ; and by means of which he pro
cured the acidum nitri fumans . With the fame
agent he extracted the acidum muriaticum fu
mans from fea falt . B. Valentinus in diftilling

vitriol with common falt , obtained what he calls ,

aqua fortis . Aqua regis, or as Valentinus chufes

to name it, liquor folem folvens, was prepared by

Hollandius, by diftilling nitre with brine . And

menftrua were generally called , aquæ valentes ,

aut fortes ; and various ſubſtances were propoſed

as neceffary to their preparation . Beccher

throws out fome obfcure hints on the nature of
the Sedative Salt , which combines like an acid

with Borax . Lullius fpeaks of the diſtillation of
Tartar .

T

They appear to have been no lefs acquaint
éd with Alkaline Salts likewife . Geberus de

K 3 fcribes
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ſcribes the proceſs of rendering alkali of tartár

cauftic by means of lime ; and Lullius men
tions its deliquefcence . Geberus takes fome

notice alſo of the Salt of Soda . Lullius fpeaks

of the production of Volatile Alkali by putre
faction ; and we find in Valentinus the method

of feparating it from Sal Ammoniac , by the fix
ed alkalies . Moſt of the neutral falts were
known to them . But they apprehended that

the Alkali veg . vitriolatum , which they diftin
guiſhed by various names , retained always fome
quality peculiar to the manner of its preparation .

The direct union of Alkali of Tartar and Vitri
olic acid is called by Crollius Tartarus vitriola
tus , while the fame falt , obtained by precipita
tion with the Alkali of Tartar , from vitriolated
Iron , he denominates Specificum purgans Para
celfi ; that procured by the detonation of Sul
phur andNitre , is the Nitrum fixum o

f

Schroeder ;

and what remains in the retort , after the diftilla
tion of Aquafortis , is the common Panacea Hol
fatica , the Arcanum duplicatum o

f

Schroeder ,

and the Nitrum vitriolatum of Rolfinckius . The
word Nitre , which formerly fignified the mine
ral Alkali , was in this period applied to the Al
kali veg . nitratum , and it ftills retains this figni
fication . The Alkali veg . falitum , which Jac .

Sylvius , called Sal digeftivus , was alfo in their
lift of neutral falts . Vitriolated mineral Alkali
received from its inventor , Glauber , the name

of
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of Sal mirabile Glauberi . Of the Alkali min .
nitratum there is no account , and the brine
mentioned by Pliny was properly common
Salt . Borax is mentioned by Geber . The vi
triolated volatile Alkali , invented by Glauber ,
was called Sal fecretus . Of the Alkali volat .
nitratum they ſeem to have had no knowledge ,
though Sal Ammoniac was diſcovered long be
fore the beginning of our period . The Alkali
veg. acetatum is celebrated for it

s many virtues
by Pliny , though it was afterwards ftill more
extolled by Muller , under the name of Terra
foliata fecretiffima . Crollius makes mention o

f

the Salt of Amber , and Bartholetus of the Su
gar o

f

Milk . The Sal Seignetti was prepared at
Rochelle very near fifty years before its compo

fition was generally known .

Among the middle falts , with baſes of earth ,

they were acquainted with few except Alum ,

although they diffolved corals and pearls in

the muriatic or acetous acid . Hollandus gave

the name of Sal ammon . fixus to muriatic chalk .

Moſt of the metallic falts were known and ex
amined in this period . The combination of
filver and the nitrous acid , under the name of
Magifterium Argenti , vel Chryftalli Dianæ ; and '

the fame falt rendered cauftic , by being melted

in the fire , and called Lapis infernalis , are de
fcribed by Angelo Sala . Crollius gave the ap
pellation of Luna cornua to filver and the mu
riatic acid . Mercurius fublimatus corrofivus is

K4 mentioned
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mentioned by Avicenna and Rhazis ; and Mer
'curius dulcis by Crollius . B. Valentinus hints
obfcurely at the Mercurius præcipitatus ruber ,
to which Crollius gives the name Arcanum Co
rallinum Paracelfi. Crollius defcribes the Sal
Jovis alfo, a Salt of tin and acetous acid . In
B. Valentinus we find an account of the Salt of

Lead in chryftals , being a combination of lead
and acetous acid , and which he names Saccha
rum Saturni . He likewife makes mention of

the Butter of Antimony . The white Precipi
tate obtained from antimony by water , is the
Mercurium Vite of Paracelfus , and the Pulvis
angelicus of Algaroth . The fame Butter of
Antimony , dephlogiſticated by means of the ni
trous acid , gives a powder which Crollius cal
led Antimonium diaphoreticum , and Beguinus
Bezoardicum minerale . Tartarum emeticum was

firft ufed by Mynficht . B. Valentinus and
Paracelfus obferved , that Sal Ammoniac com
bined with metallic fubftances , and fublimed ,

produced flowers containing metals . Of the
Vitriols , the principles of the blue were known
to Galenus , thofe of the green to B. Valenti
nus ; and the white alfo , though it

s compofition

was not well understood , yet was certainly
made in this period .

Of the earths very little was known , and
even that little was unfupported by the princi
ples o

f chemiſtry . They diſcovered , however ,

that
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that it was neceffary to burn calcareous earth,
before it could be employed in making mortar .
In the Pharmacopoeia of Schroeder we meet with
Calx viva and Lixivium Calcis, commonly cal
led Lime-water . Clay was diſtinguiſhed from
fand , but not according to its genuine cha
racter ; and various kinds of ftones were defin
ed in the fame fuperficial manner . Fine and
coloured earths were ftudiouſly fought for the
purpoſes of medicine ; and that the genuine
might not be confounded with the fpurious ,
they were inclofed on the ſpot that produced

them , and fealed by the governor or chief ma
giſtrate ; from whom they paffed into the fhops

of the apothecaries .
Among the phlogiſtic bodies , they were ac
quainted with Sulphur and its Flowers ; and B

.

Valentinus mentions a folution of it in fixed al
kali , and Beguinus defcribes it as diffolved in

volatile alkali . Vigenerus fufpected that it was
compofed of phlogifton and vitriolic acid . Ef
fential oils were very early diſtilled , as well as

philoſophic and empyreumatic , from unctuous

fubftances , but with a ſtronger fire . Beccher
diſcovered the vitriolic acid dulcified with fpi
rits of wine . B. Valentinus mentions the Vi
triolic and Nitrous Ethers but very flightly .

Crollius however has tranfmitted very diftinctly

the art ofpreparing the former . The analyſis of
Soot was attempted by Vigenerus . Of thoſe

who
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who give any deſcription of Spirit of wine , the
principal are Thaddeus , Villanovanus , and Lul
lius , who calls the ſtrongeſt , Alcabol ; and fhews

how it may be freed entirely from water , by
means of fixed alkali ; which B. Valentinus af
firms is done more effectually by lime . The
falt known under the name of Offa Helmontii ,
and which was long fince deſcribed by Lullius , is
nothing elſe than the aerated volatile alkali .

Fr. Sylvius prepared the fame under the name
of Alkali Oleofum .
All the metals poffeffing maleability , except
Platina, were known before this period ; but
the brittle were yet undiſcovered . G. Agricola
is the firſt who mentions Biſmuth . As to white

Arfenic, it is difficult to fay when it was firſt
reduced to a regulus . Schroeder defcribes the
procefs of reduction , in his Pharmacopoeia of
1649.- In the former edition of this book it is
not to be found . Albertus Magnus fpeaks of
Zinc , by the name of Marcafita aurea. G. Fa
bricius reckons Stibium , or Antimony , in the
number ofmetals ; but B. Valentinus had long
before related the method of extracting the re
gulus from the crude ore , and compared it af
terwards with lead . Whether more of the femi
metals than theſe four were diſcovered during

this period , is a queſtion yet to be determined .

Thofe metals that are calcinable by fire ,

even Mercury , were very early mentioned by
Geberus .
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Geberus . He likewife gives an account of facti
tious Cinnabar ; and B. Valentinus makes men
tion of the Cinnabar of Antimony . Under the
name of Pulvis albus Antimonii , and Vitrum
Antimonii , Valentinus deſcribes the detonation
of Antimony with Nitre . The calcination ,
fublimation , fufion , digeftion , folution , precipi
tation , and amalgam ofmetallic fubftances , af
forded a great variety of preparations , chiefly
calculated for medical uſe . Befides thofe al
ready deſcribed , fuch are the Purpura mineralis,
Aurum fulminans , Flores Solis, Aurum potabile,
Luna potabilis , Turpethum minerale , Mercurius
præcipitatus albus , luteus , incarnatus, Corallinus

corallatus , viridis , Arcanum Corallinum , minium,
Lithargyrium , Colcothar, Crocus Martis , Lilium
Paracelfi , Crocus Metallorum , Antimonium dia
phoreticum, Ceruffa Antimonii , and many others,
asmagifteries , flowers , oils , and tinctures , though

not equally of all metals .

With regard to waters and aeriform ſubſtan
ces, their peculiar properties and different cha
racters, very little , if any thing, ſeems to have
been determined during this period . It was
not , however poffible to avoid obferving the ſub
tle elaſtic air produced by effervefcence , fermen
tation , and combuftion . They gave it the name
ofSpiritus fylveftris ,and it was confidered byPa
racelfus and his cotemporaries tobeexactly ſimilar
to refpirable air. Helmontius probably was the
firſt, who thought this ſubſtance worthy ofmore

minute
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minute attention , and called it Gas , or Gas fyl
veftre . In his account of it he fays, it could
neither be ſhut up in veffels , nor difcerned by
eyes , but that it was fixed in bodies , and as it

were coagulated . He imagines , that in this air,

which is very different from atmoſphere air , lies

the cauſe of all theſe phenomena that are ob
ferved in the Grotta del Cane , in fermentation ,

effervefcence , explofion , and epidemic diſeaſes.

It had been long known that the weight ofme
tals increaſed by calcination ; but Rey was the
firft, who ventured to account for this change
by the abſorption of air .
The number and variety of furnaces , inftru
ments , veffels , and modes of operating ,of this pe
riod are altogether furprifing . Lullius mentions
the Athanor as being long in uſe . Geberus de
fcribes particularly various diftillations . Agri
cola was acquainted with the crucibles ofYpfen
fia , and veffels ofWaldenburgh . Aludels alfo
were employed , and apparatus of feveral kinds

for the purpoſe of continued digeftions , cohoba
tions , circulations , volatilizations , cementati
ons , fublimations , and reverberations , were
contrived .

From this view , by no means very minute ,

that we have taken of the progrefs of chemif
try during an æra of obfcurity , we may , by com
paring it with that formerly preſented of times

more
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more remote , have a very diftinct idea of the in
creaſe of chemical knowledge within a period of
a thousand years ; and obferve it to be fully e
qual to any expectation that could be formed ,

But our eſtimation of its importance is confide
rably diminiſhed , when we turn our attention

to the improvements and diſcoveries of the laſt

ten years, in which chemiſtry , purſuing a ſub
limer path , has not only foared into regions of
inviſible aerial fubftances , but has dared , with

a perfevering fpirit , to explore the nature of
thefe fubftances , and fearch into their conftitu

ent principles . Such , however is the conftitu

tion of things , that in order to attain the fum
mit , it is neceffary to afcend the fide of the hill
by flow and ſteady paces ; and the progreſs of
ſcience , however great and aftoniſhing , claims

no exemption from this general law . In the
dawn and infancy of chemiſtry our experiments

are too rude , and attempts too feeble , to afford
any certain conclufions ; but in proportion as
they are often and diligently repeated , and va
ried when neceffary , our ftrength increaſes , and

truths are unceafingly evolved . But very fre
quent and accurate trials are required to efta

bliſh the purity and perfpicuity of genuine fci
ence . The more truths , therefore , that are

collected , the more readily and happily will o
thers be diſcovered . But in the period now be

fore
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fore us , the progrefs of chemiſtry was much in
debted to two ſuch powerful ſtimuli , as the de
fire of wealth and of long life ; by which it was
enabled to remove all the obſtacles that igno

rance and fuperftition could oppoſe , and attain

to that height at which we have now beheld it .

THE
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THE

ANALYSIS
OF

LITHO MARG E.

Quorfum igitur nos corporibus circum undique fepti

Materia decus ac formam, externumque nitorem ,

Miramur tantum , fummoque in cortice rerum

Ludimus ? Internam cur non penetramus in ædem
Natura, atque adytis immitti pofcimus ipfis ?

ANTI -LUCRETIUS .

§. 1. The general Character of Lithomarge .

THEHE celebrated A. F. Crondſtedt , in hisMi
neralogy , diftinguiſhes among argillaceous earths,

a particular kind under the name of Lithomarge ,

to which he aſcribes the following characters * :
ift , When dry its furface is flippery and ſmooth
like hard foap . 2dly , On being thrown in fmall
portions fucceffively into ,water , it ſeparates in a

few

* § 85 .
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few feconds into little bits not unlike curdled

cheeſe, or coagulated fubftances ; but it is not
fo minutely divided as to become plaftic . 3dly ,

It is easily reducible by fire into a white or red
diſh flag , which, by frothing up , is confiderably
encreaſed in bulk . 4thly , Its fractures are ir
regularly concave or convex .
He deſcribes three varieties only, the Of
mundic , the Tartarian , and the Lemnian ; but
according to theſe criteria , he fhould have ad

ded that from Hampſhire , which is a genuine
fuller's earth . This however he never faw, as
the exportation of it is prohibited ; and , truft
ing entirely to the defcription of others , he has
ranked it in general among the abftergents .
Specimens of all thefe , except the Tartarian ,
are in the collection of minerals at the academy

of Upfal ; and it is their compofition and proper
ties that we are now going to explain , in order

to determine whether they conſtitute more than
one fpecies of argillaceous earth . In our exa
mination of fuller's earth we have beftowed par

ticular attention ; as, from its great uſe in the
preparation ofwoollen cloth , it is of importance
to underſtand it thoroughly , that , whenever it is
wanted , the proper kind may be readily diftin
guiſhed .

Of
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§ 11. Of the Lemnian Earth .

FROM the iſland of Lemnos in the Egean fea ,
where this earth was firſt diſcovered , it has ob
tained its name ; and which , though the iſland
is now called Stalimene , it ſtill retains . It was
called Sigillum Caprinum (oppayıs α1yos) ; for when
taken out from the ground , the prieſts of Ve
nus , in the time of Diofcorides , uſed to mix it
with the blood of a goat , and moulding it into
ſeveral pieces , ſtamped upon each the figure of
that animal . Thefe rites were aboliſhed while

Galen lived ; but others equally abfurd and ri
diculous fucceeded to them . When Bellonius

vifited the iſland , it was the practice to open
the vein annually on the 6th of Auguft ; and ,
after prayers faid by the prieſts , as much of the
earth was taken out as was thought fufficient

for the enfuing year : The entrance to the vein
was then cloſed , and the inhabitants threaten

ed with the heavieft puniſhments , if they ſhould
venture to open it . The greateſt part of the
earth obtained in this manner was fent to Con
ſtantinople to receive the feal of the Emperor ;
and from this circumftance it has often been
named Terra Turcica . The remainder was fold

by the governor of the iſland , either in it
s

rude

ftate , o
r ſtamped with his feal .

ofHomer and Hefiod this earth was held in fuch
From the time

L eftimation ,
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eftimation , that it was never dug up without
great parade of religious ceremonies : And they

affert , that whether uſed internally or external
ly, it was a medicine endowed with alexiphar

mic , diaphoretic , deterfive , and healing vir
tues *.
As to its outward appearance , it is diſtinguiſh

ed by it
s

colour more o
r

leſs reſembling clay :

for as yet we have not ſeen any o
f
a flesh colour .

The furface o
f
it is ſmooth and fhining , fome

thing like agate , and efpecially in recent frac
tures , which are almoft always concave and

convex . When applied to the lip it adheres
clofely . The form of its maffes is rude and
fhapelefs , rather angular , but not regularly de
termined . The fmall particles , o

f

which it is

compofed are fo very fubtle and minute , that

they eſcape both the touch and the fight . It

is o
f

fuch a texture a
s to be fcraped with the

nail ; has an earthy fmell , but no tafte ; and

feels between the teeth like tallow , and a little
filiceous . Old fiffures often become black .

This is the defeription o
f

the common kind not
fealed , fuch as is found in the ſhops , and which
we have examined by the following experi
ments .

When a lump of this earth is thrown into
water , it divides fpontaneoufly into feveral
pieces , and with fome degree o

f
a cracking

noiſe .

Geoffroi Traité de la Matiere Med .
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noife . Theſe pieces feparate again into others
ſtill ſmaller , but the divifion does not go fo far
as to render the particles impalpable , for they

remain always vifible and fenfible to the touch .

This earth, when pulverifed and boiled in fix
teen times its weight of water , for half an hour ,

the mixture paffes eafily through a doubled
fheet of filtering paper , almoft perfectly clear ,
except a fmall degree of whitenefs communi

cated by the fufpended argillaceous particles .
This liquor neither reddens paper that is dipped

in the tincture of turnfole , or deftroys the red
colour it may have acquired ; from which it has
neither the property of an acid , or an alkali .
The nitrous folution of filver poured into it oc
cafions little white clouds , which afterwards , on
being expofed to the light , turn quite black.
The nitrous folution of quickfilver produces al
moft immediately fmall white particles ; and
the terra ponderofa , diffolved in muriatic acid ,

does not affect it in any manner .

On rubbing this earth between the hands in

water , it generates no froth like foap , but it re
moves impurities , though not fo readily as the o
ther kinds .

Pulverized Lemnian earth , expofed in a glafs

veffel to the fire , gradually raiſed to a red heat,

èmits aqueous vapours , and a grateful aromatic

odour . Papers , qualified for reagents , either
dyed red with Brafil wood , or blue with the

L, 2 turnfole
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turnfole , are a little affected by theſe vapours ;
the first becoming yellowish , the other inclin
ing to red ; thus indicating the preſence of a
very weak acid . While the fand that furrounds
the veffel approaches to a red heat , the powder

within affumes a black colour ; but as the fire

encreaſes , this obfcurity gives way , and the ori
ginal colour returns . From this appearance of
black , and its fubfequent deftruction by the fire ,

it might be ſuppoſed , that fome oily fubftance
was contained in the powder , which being firſt
reduced to a coal , was again confumed by a
greater heat . After the operation was finiſhed ,

and the powder cooled , it was found to have loft

17 per cent . of it
s weight .

A fmall piece ofthis earth placed upon char
coal , and expofed to the flame o

f
a blow -pipe ,

does not decrepitate , but turns black , melts
with ebullition , and is converted into a dark
frothy cinder . With the microcofmic falt , it

defolves partially a
t

firft , and with effervefcence ;

but afterwards , the remainder is fcarcely dimin
iſhed . Borax acts moſt effectually upon the re
fiduum , but it is fome time before the whole is

confumed . The falt of foda occafions a confi
derable effervefcence with noife . Hence , then ,

it would appear to contain a portion of aerated
earth , though the greateft part o

f it is filiceous .

The little glafs globules are tinged in the flight
eft degree with a colouring o

f

iron .

When

"
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When expoſed to the action of acids , no ef
fervefcence is produced . The powder , indeed ,

excites a degree of motion in the mixture ; but
not greater than when water is poured upon it ,
throwing out a few air bubbles .

1

In order to be well acquainted with the prox
imate principles of this earth , it is neceffary to
learn by a few judicious experiments , what , and

how many they are *. After this difcovery the
next ſtep is , to purſue the proper method for
determining their feparate quantities . In the
prefent cafe , we have judged the following mode

of analyſis the moſt convenient .-A centenary ,
or a hundred docimaftic pounds of the earth ,be
ing reduced to powder , and inferted in a ſmall
glaſs cucurbit , with twice the weight of highly
concentrated vitriolic acid ; an alembic with a

receiver was adapted , and cloſely luted , and the

whole apparatus placed in a fand bath . By a
gentle heat an acid vapour was firſt expelled ;

which being examined , was found to contain
muriatic acid , that had doubtleſs ariſen from

decompofed fea falt . A greater degree of heat
brought over no ammoniacal flowers . The fu

perfluousL3
* If a fmall quantity only of calcareous earth is preſent , it
will be in vain to expect a precipitation by the tartarized vege
table alkali . The waters of Upfal, in which the leaft grain ofthe
cryftallized acid of fugar occafions white clouds and ftreaks , in a
few ſeconds , are not in the ſmalleſt degree affected by the tar
tarized veg. alkali , though a hundred times their weight ;
but remain perfectly clear without any depofition .
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perfluous acid being poured off, and the refidu
um throughly waſhed in diftilled water , and af
terwards dried , it weighed 47 pounds ; one fourth
ofwhich was a fine white filiceous powder , and
the reft , a powder rather coarfer , and of a co
lour inclining to purple . The colour was poffi
bly obtained from the muriatic acid , and owing
to a portion of iron.

•

That the folution , containing argillaceous

earth , calcined iron , magnefia , and chalk , re
quired an excefs of acid , is evident from the

few former experiments .
But that theſe fubftances might be procured
ſeparate , and their weight aſcertained , the fo
lution was divided into two equal parts . The
firft was employed for the inveſtigation of the
chalk and magnefia , the other referved to exa
mine the argillaceous and ferruginous matter .

:

The firft being made very warm , was gradu
ally faturated with aerated chalk , with fuch
precifion , that neither too much nor too little of

the precipitant was ufed ; fo that the argillace

ous earth and the iron only being affected by it,
the whole of the magneſia , which burnt lime , not

aerated chalk, precipitates , might remain un
difturbed . The fediment was then collected in
to a filtre, and was waſhed with warm water ,

until all the gypfum was diffolved . The folu
tion being evaporated to drynefs , difcovered

vitriolated chalk and magnefia , which were fe
parated
4
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parated from each other by a little warm water .
But as it was ſcarce poffible to prevent fome of
the gypfum alfo from being taken up , another
evaporation and folution became neceffary to
get rid of it entirely . In this experiment , the
folution of vitriolated magnefia , when precipi
tated by aerated fixed alkali , gave 3.1 ; and that
of vitriolated chalk, by the fame medium , 2.7 ;
the weight of the aerated chalk employed as a
precipitant being fubtracted . Twice the amount
of theſe fums indicates the quantity of each con
tained in a hundred weight . But it must be ob
ferved , that the liquors remaining after the pre
cipitations made by aerated alkali , hold a por
tion of the fediment in folution , by means of the
aerial acid ; but this may be recovered from

them by boiling them during a quarter of an
hour . It is neceffary , however , to add this

L4 to

4

* That argillaceous earth may be diffolyed by the aerial a
cid, is afferted in the ft vol . of theſe Effays . But a certain
proportion of phlogifton might perhaps affift the folution here ,

in the fame manner it does when the calces of fome metals are
to be diffolved . Tin ought to be dephlogiſticated to a certain
point, before the acid menftrua can act upon it ; but if it is too
much deprived of it

s phlogiſton , the acids loſe a
ll

their power .

Phlogiston therefore affifts the folution , but does not directly

occafion it ; unleſs we chufe to affect novelty of expreffion .

But if any one thinks otherwiſe , let him defcribe the method
by which argillaceous earth can b

e

diffolved in water with
phlogifton only . When argillaceous earth is roafted in the fire ,

in gives out a quantity o
f

aerial acid .
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to the precipitate , to aſcertain the true weight
of it *.
To examine the other half of the folution , the
phlogiſticated alkali was employed ; and from
it was obtained 12 lb. of blue fediment , con
taining 2 of iron in its metallic ftate , and 2.7
of the calx of that metal . In a hundred weight

therefore , there is 5.4 lb. of ferruginous matter ,

befides that portion to which the filiceous earth
owes its colour .

The liquor being paffed through a filtre , con
tained argillaceous earth , magnefia , and chalk ,

all combined with the vitriolic acid ; but we

were now inquiring after the firft only . To the
folution , then , reduced to the bulk of fix cubic

inches , and heated to 90 degrees of the Swediſh

thermometer , was added gradually as much ae
rated magneſia as would be fufficient to deftroy

entirely the excefs of acid , fo that the paper
ftained with the turnfole gave no fign of any
remaining unſaturated . In order that the quan
tity ofmagnefia fhould not exceed the proper li
mits , every bit thrown in was fuffered to diffolve

before more was added . The faturation being

then compleated , the liquor was boiled for half
an

* Calcareous earth is precipitated by the faccharated fixed
veg. alkali . As faccharated magnefia remains diffolved in an
excefs of acidwith pure argillaceous earth ; it is therefore to be
made perfectly dry by roafting ; and in order to deftroy the
acid of fugar , must be burnt in a ftrong fire .
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an hour , and the fediment collected proved to
be the argillaceous earth , exactly faturated with
vitriolic acid . Alum, it is well known , requires
an exceſs of acid ; without which it lofes its fo
lubility with it

s
other properties . Of this exceſs

it may be deprived in various ways , and the ar
gillaceous earth precipitated , exactly ſaturated ,

but infoluble * . If the fediment is fufficiently
digefted

* The excefs of acid in alum may b
e deftroyed by alkali ,

lime , magnefia , pure argillaceous earth , iron , o
r

zinc . In

the firſt volume o
f

thefe Effays , page 334 , aerated chalk is

employed to ſeparate alum from vitriolated magrefia ; and this
medium never fails unleſs its fuccefs is purpofely obviated .

If any one , with an intention to miſlead , fhould dilute the
folution too much , and uſe large pieces o

f

the chalk inſtead o
f

it
s powder , he will certainly b
e diſappointed in his defign , for

fcarce any fenfible effect will be produced . Too great a quan
tity o

f

water removes the particles o
f

alum fo far from any

contact with the chalk , that no decompofition can take place .

Befides the pieces employed preſent a much ſmaller ſurface

than when they are reduced to powder . Whoever is really

bent o
n giving a fallacious appearance to this experiment ,

will not confider the remarks made here as worthy his atten
tion . But ſhould any one b

e defirous o
f

certain conviction ,

let him mix a known weight o
f

alum and vitriolated magnefia ,

and diffolve them in as much tepid water a
s is neceſſary , and

add afterwards gradually ſmall portions o
f powdered chalk un

til fuch time a
s the folution ceaſes to redden the tincture of

turnfole . If the effect is required very foon , expoſe the fo
lution to a ftrong digeſting heat , otherwiſe a lefs degree o

f

temperature will be fufficient . The acid being thus deſtroyed ,

paſs the liquor through a filtre , and waſh the maſs with pure

water ; evaporate the whole o
f

the liquor that paſſed through

the filtre to drynefs , and the refult will be the true weight of
vitriolated

f
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digeſted in a folution of aerated alkali , pure ar
gillaceous earth is obtained ; and which , in the
cafe before us , being waſhed and dried , weigh

ed 10.5 ; therefore equal to 21 lb. in a hundred
weight .

This method of determining the quantity of
argillaceous earth , is equally accurate and con
venient . And , when a hundred weight of pure
cryftaline alum , diffolved in fixteen times its
weight of diſtilled water , and deprived , in a tem
perature of 90 degrees , ofthe exceſs of acid , by

means of aerated magnefia , depofits 36 lb. of
argillaceous earth exactly faturated with the vi
triolic acid , by calling the given weight of
the precipitate a, the quantity of the earth will

After the point of
18.100 a a

be found
236.100

faturation is attained , the folution muſt be eva
porated to a third of its bulk before the fedi
ment is collected on the filtre . The precipita
tion may be effected likewife by fmall plates of
zinc, extended very thin under the hammer .
The folution of alum , though flowly evaporat
ed , depofits no fediment until reduced to near
ly an eighth part ; but if the water carried off in

"(

vapour

vitriolated magnefia without any admixture of alum, and a
fmall quantity only of gypſum that had remained undiffolved
in the water of the folution . If the experiment is properly
inftituted in this manner, he will not be in the leaft influenced
by any opinions that may be advanced to the contrary .
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vapour is replaced by an equal quantity , the
whole folution immediately becomes turbid , and

the argillaceous earth exactly faturated , falls to
the bottom . This procefs , however , is liable
to objection : For as the vitriolated zinc alſo re
quires an excefs of acid , the proper criterion for
regulating the operation is yet to be aſcertain
ed.i.
From what then has been faid , we may con
clude , that a centenary of Lemnian earth con
tains 47 parts of filiceous earth , 5.4 of aerated
calcareous earth , 6.2 of aerated magnefia , IO
of argillaceous earth , 5.4 of calcined iron , and
17 of a moift volatile fubftance . The fum of

the experiments taken feparately , amounts to
102 ; but this ſmall exceſs is owing to the diffi
culty of rendering the argillaceous earth per
fectly dry .

$ 111. Ofthe Ofmundic Earth.

THIS earth is the produce of Mount Oſmund ,

in the parish of Rattvik , in Eaft Dalecarlia ,
where it forms a ftratum of three feet thick .
The rock of the mountain is calcareous , hard ,
and interfected with ftrata of argillaceous mat
ter and ſchiftus . Petroleum is found in feveral

places of it, but eſpecially in the fchiftus . But

à more particular defcription and delineation of
the

3.
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.

the mountain will be feen in the Tranfactions of
the Stockholm Academy * .
The colour of the earth is more or lefs com
pletely cineritious ; it

s

ſurface ſomewhat rough ,

and feels as ifgreafed . It is compoſed of irregular
particles . Though itappears ſtratified , yet itcan
not be ſeparated into regular lamellæ , but breaks
always into large pieces with acute angles , refem
bling almoſt the concave and convex fractures of
filiceous fubftances . It excells in hardneſs the
Lemnian earth . When a folid piece o

f it is ap
plied to the lip , it adheres very ftrongly . Old
fiffures in it are covered with a yellow ochre . It

has an earthy fmell ; no tafte ; but feels be
tween the teeth more filiceous than the Lem
nian earth .

When immerfed in water , it ſeparates in the
fame manner as the Lemnian earth , but rather

into ſmaller particles . Being moiſtened and
rubbed between the hands , it creates no froth ,

but it is notwithſtanding detergent ,

When pulverifed , and boiled for half an hour

in diftilled water , it paffes perfectly clear
through a double filtre , and does not affect the
papers employed a

s reagents . The nitrous fo
lution o

f

filver occafions a fmall precipitation ,

which blackens by expofure to the light o
f

the
fun .
* D. Tilas in A &tis Stockh . 1739. tab . 2 .

If
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S Ifexpofed in powder to the fire raiſed gradu
ally to a white heat , it emits aqueous vapours ,
and an empyreumatic odour . The papers ofre
action indicate the prefence of an acid . Juft
before ignition the mafs becomes of a black co
lour , but afterwards this colour diſappears .
When cooled , the centenary is found to have
loft 18 pounds .
A fmall piece placed on a coal , and receiving
the flame of the blow-pipe , decrepitates , turns
black , and melts with ebullition , leaving a white
frothy flag . With the microcofmic falt , it ex
hibits the fame phænomena as the Lemnian

earth ; but a grain of it thrown into a ſolution
of the falt becomes white . It effervefces lefs
with the falt of foda .

.

We purſued the fame method of analyſis as
with the Lemnian earth . From the ſmall ex
periments , indeed , a triffling quantity only of
magnefia was diſcovered ; but , that its pro
portion might be more accurately afcertained ,

we examined half of the folution with the pow
der of chalk , and the refult was not more than

a quarter ofa pound ofmagneſia .
Collecting all thefe circumſtances then toge

ther , it appears , that a centenary of Ofmundic
earth contains about 60 parts ofwhite filiceous
powder , 5.7 of calcareous earth , 0.5 of magne

fia , 11.1 of argillaceous earth , 4.7 of calcined
iron , and 18 of a moift volatile matter .

The
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The experiments taken feparately gave 14.1
of argillaceous , and 5.7 of calcareous earth ; but
this excess of 3.8 feems to arife chiefly from the
imperfect drying of thefe fubftances .

Siv. Of the Hampshire Earth .

THIS earth is a native of the county ofHamp
fhire in England ; but , as the exportation of it
is prohibited , it cannot be procured in larger
quantities than are required for mineralogical

collections . Fullers have long uſed it in their
trade , although in feveral manufactories in Eng
land , the procefs of fulling cloths is carried on
by treading them under feet with the dung of
fwine and warmed human urine .

The colour of the Hampſhire earth is dark , a
little inclined to green , and faintly marked with
yellowiſh veins . In fubftance it is opaque , and
appears in fome degree ftratified , although it does
not ſeparate in ftrata . As to hardneſs , it is not e
qual to thofe already defcribed . Its particles

are without ſhape , but capable of being polifh
ed by the nail. Its fractures are rather rough ,
with dark pointed eminencies . It has an earthy
fmell , but no taste ; adheres to the lip ; and be
tween the teeth feels a little filiceous .

"

When immerfed in water , it falls to pieces'
like the other earth . Rubbing it in water pro

duces
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duces no froth ; but it is exceedingly detergent .
Being pulverifed , and boiled for half an hour

in diftilled water , it will pass through a filtre of
feveral folds , ftill turbid , with many fubtle par
ticles floating in it , that diminiſh it

s tranſparen

cy . If to this water a few drops of the folution
ofmuriated terra ponderofa be added , no pre
cipitation is obferved ; from which it may be in
ferred to contain neither vitriolic acid , gypfum ,

o
r any falt combined with that acid . But if

the nitrous folution o
f

filver be poured into it , a

milky fediment foon makes its appearance ,which ,

on being expoſed to the rays o
f

the fun , immedi

ately becomes black ; an undoubted proof o
f

the
preſence of the muriatic acid .
-

If fubjected , in its pulverifed ftate , to a fire
gradually raiſed to awhite heat , it becomes black
juft before ignition , but afterwards refumes its

natural appearance as the fire increaſes . While

in this fituation , it emits aqueous vapours , a lit

tle acid . On being cooled , it is found to be

1
5 lb. in the centenary lighter than before .

A ſmall bit expoſed to the flame of the blow
pipe , on a piece o

f

coal , decrepitates , but not in

fo great a degree a
s the Ofmundic earth ; it

turns black , and melts with ebullition into a

dark coloured fpongy mafs . With borax , mi
crocoſmic ſalt , and mineral alkali , it exhibits the

'fame character as the Lemnian earth .

Its analyfis was obtained in the fame way as

that
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that ofthe two former earths ; and , in a cente
nary of it was found 51.8 of a filiceous powder ,
tinged yellow with iron ; 3.3 of calcareous earth ;

0.7 ofmagnefia ; 25 of argillaceous earth ; 3.7
of calcined iron , and 15 % of moiſt volatile mat
ter .

An excefs of one pound only we attributed
to the argillaceous earth .
By a volatile matter is underſtood here , as
well as in the preceding experiments , not only

the deſtruction ofan oily ſubſtance , but alſo the
expulfion of the muriatic acid from it

s

baſe , by

means of the vitriolic . What this baſe may be

is not eaſy to determine with fuch fmall quanti
ties ; but certainly traces of fea falt appear , how
ever faint , in fome o

f

the varieties examined by
boiling in water , and filtration . We diſcovered
no fal ammoniac . Perhaps , indeed , it would be
neceffary to employ larger maffes o

f

earth to

procure a more perfect fublimation than has

been yet attained .
S v . Corollary .

FROM a compariſon o
f

the foregoing defcrip

tions and analyſis the following conclufions may

be drawn :

That , as to the external character , the varie
ties examined are fo perfectly fimilar , that they

differ in degree only . The greateſt diſparity ob
vious
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vious to the ſenſes , is in the colour , and ſmooth
fhining furface of the Lemnian earth .
The fame obfervation may be made on their
properties , either in fire or water .
With regard to their compofition , the differ
ence in that reſpect alfo is triffling . They
have all the fame proximate principles , and va
ry in nothing but the proportions of them . But
that we may prefent a clearer view of their fe
veral qualities and relations , we have drawn up

the following table in which the weights of each
principle are expreffed , in hundred parts , under
the head of its particular earth .

TABLE .
A Centenary

}contains of

Siliceous Powder

Lemnian Ofmundic Hampſhire
earth . earth . earth .

60.0

5-7

0.5
II.I

47.0

Aerated Lime 5.4
6.2Aerated Magnefia

Argillaceous Earth 19.0

Calcined Iron 5.4
Moift volat. matter 17.0

·

4.7
18:0

51.8

3.3

0.7

25.0

3.7
15.5

In the natural fyftem therefore , of Cronstedt ,
the lithomargæ are ranked as a particular diſtinct
fpecies of clay ; although the proportion ofmag
nefia in two varieties in exceedingly fmall . But

M this



178 ANALYSIS OF LITHOMARGE .

this name of Lithomargæ does not feem to be an
important diftinction . The character of this
fpecies bears a ſtrong refemblance to the zeolite ;
nor do they differ in compofition , except in the
fmall portion ofmagnefia which the zeolite wants .
There is fome analogy between it and marles
alfo. But inthe lithomarge the combination of
the different principles is not merely mechanical ,

as in the marle , which effervefces more readily '
with acids , although it contain lefs calcareous
and magnefian earth than the lithomarge now
under confideration .
t

Notwithſtanding , in the varieties examined ,

the greateſt proportion of argillaceous earth does
not equal a fourth part of their weight , and that
the filiceous earth generally exceeds the half ; yet

neither Cronstedt , nor any other mineralogiſt ,

have thought proper to refer them under the head

filiceous ; and for the very beſt reafon ; as fuch
is the intenſity and prevailing quality of clay,
that though it were ftill in a much lefs propor
tion , it would yet determine the character of
the whole mafs .

As the clay of Hampſhire is much uſed in the
trade of fullers , we may learn from this analyfis
what are the properties it is required to poffefs .
In the operation offulling , two things chiefly are
neceffary ; firft , the wafhing away all impurities ;
and fecondly , the thickening and confolidating

of
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1

ofthe web by the curling or intermixture of the
fibres on it

s
furface . Any kind of clay will an ,

fwer theſe purpoſes , provided it is free from quali

ties pofitively noxious . The filiceous part o
f it

must be very finely divided ; for large particles

would wear the threads with their angles , o
r

even cut them under the hammers : The argil

laceous proportion alſo muſt not be too ſmall ,

that it may readily diffolve in water , form the
neceffary confiftence , and be eafily wafhed a

way when the operation is finiſhed . It muſt
not be combined with any colouring matter , ei
ther vitriolic , or any other that is capable o

f af
fecting the dye o

f

the cloth . It fhould contain

a fmall proportion o
f

chalk ; but if that propor
tion is encreaſed , the mafs becomes too thin ,

loofing not only its tenacity , which is neceffary

to form the pile or map , but its greafinefs alfo ,

by which the threads are preferved againſt all
external violence . Nothing o

f

the kind of ру
rites ought to be in it . But that itmay contain
the calx of iron not combined with any menf
truum without prejudice , is evident from the

Hampſhire clay , which is an excellent fullers
earth .

We have no doubt but the Ofmundic likewiſe
might be very ferviceable , if it could be procur
ed in fufficient quantity , and o

f

the fame quality

a
s that examined here . Soaps would indeed be

preferableM 2
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preferable to earths for the buſineſs of fulling , if
they did not generally affect the colour of the
cloths .

For cleaning linen , clay free from every co
louring matter may be fuccefsfully ufed . It is
true it creates no froth like foap , but it does
not the less remove impurities .

OF
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OF THE

ASBESTINE EARTH.

Non poffunt oculi naturam nofcere rerum .
LUCRETIUS .

CRONSTEDT , in h
is

mineralogy , reckons
nine ſpecies o

f

earths , which , as he had never
analyfed , he confidered a

s fimple and primitive

fubftances . By analyfis , however , we have
learned that the moft of them are compounded ,

a
s the Granatic , Micaceous , Zeolitic , and Fluo

ratic , and that the Magnefian is to be altogether
excluded from the claſs of earths , and ranked

among metals . Our knowledge o
f

the afbeftine

earth has been hitherto uncertain and fuperfi
cial . Some of the varieties have been refolv

e
d by menftrua into more fimple principles ;

while others , that ſeemed the pureft , have not
undergone the leaft alteration . In hopes there

foreM 3
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fore to throw fome light upon a fubject hitherto
not well underftood , we have inſtituted many

and various experiments , which we fhall now
offer to your attention .
According to Cronstedt , the Aſbeſtos is diftin
guiſhed by feven different characters . Firſt,

When pure , it is very difficult to be fufed .
Second , The flexibility of its fibres . Third , Its
furface . Fourth , It becomes brittle by ignition .
Fifth , It is not fufficiently hard to ftrike fire
with fteel . Sixth , Is infoluble in acids . And

Seventh , It melts eafily with borax . How far
we may truft to this defcription , relating almoſt
to it

s

external properties only , we ſhall now pro
ceed to determine .

SIV . Ofthe Tarentaifian Afbestos .

THIS fpecies , called Tarentaifian , is the pro
duce o

fSavoy in Italy . As to its outward cha
racter , it is of a pure white colour , and can be
divided into the fofteft threads of a tolerable
length , fhining and opaque .

When expofed to the fire , it exhibits the fol
lowing qualities :

EXP . 1. By a long continued calcination , it

fcarce lofes fome hundred parts o
f

it
s

weight .

In an intenſe heat it liquefies , and , when cool;

ing ,
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ing , and , when cooling , concretes into a filamen
tous maſs ; but , if this is melted much longer ,
it becomes a greenish glafs, eafily penetrating
the crucible .

EXP. 2. When the extremity of a thread is
expoſed to the flame of the blow-pipe , it melts
into an opaque globule , that grows dark colour
ed , if the flame continues to act upon it . It
diffolves with borax and the microcofmic falt,
and effervefces with the mineral alkali .

Though reduced to fo fine a powder that it
cannot be mechanically further divided , yet it
is but little foluble in any menftrua .

EXP. 3. A hundred docimaftic pounds , were
gently boiled in ten times the weight of aqua
regia , until a ſmall quantity only of the liquor
remained . The menftruum diffolved no more

than 12 , and the refiduum had undergone no
change . The folution being precipitated by
fixed alkali , yielded an earth fimilar to the terra
ponderofa , fome calcareous earth , and the reſt

magnefia . 313

� �?
EXP . 4. An hundred pounds , treated in the
fame way, with eight hundred of concentrated
vitriolic acid , four only were diffolved , and
which appeared to be calcareous earth andmag
nefia . }

M 4

f

+

EXP .

i
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1

EXP . v. As it was poffible too great an abun
dance of filiceous earth might prevent its being
more foluble , one hundred pounds , with four
hundred of vegetable fixed alkali , were kept in
a red heat for two hours , but were not brought

into fufion . After this operation , the vitriolic
acid extracted twelve , but the refiduum was not

in the leaft affected by it. It ſeemed , there
fore , to be owing to the prefence of the vitrio
lated terra ponderofa that it ftill refifted all at
tempts to decompound it. Accordingly the
following method was purfued , with a view to
feparate all the primitive earths it might con
tain .

EXP . 6. 100 lb. of afbeftos , well mixed with

100 of veg . alkali , and 100 of powdered char
coal , were ignited for two hours ; and then being
boiled for fome time in 1000 of aqua regia , af
forded a complete folution .
What remained undiffolved was tranſparent ,
like jelly ; and , being collected , and thoroughly
waſhed in diftilled water , and afterwards dried ,
weighed 64. It was now white and opaque ,
and not to be affected by any acid menftruum ,
except the fluorific ; but melted with effer
vefcence with half its weight of veg . alkali,
and exhibited a perfect glaſs.

The clear liquor being concentrated by eva
poration , the vitriolic acid was dropped into it ,

and occafioned a precipitate of 6 lb. of a white
powder ,
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powder , which proved to be the patheum pon

derofum .

The evaporation being carried ftill further,
12 of vitriolated lime were obtained , of which
6.9 were aerated chalk .

By means of the phlogiſtic alkali , 7 of Pruſ
fian blue were precipitated , which anſwers to
nearly 1.2 of calcined iron .

From the liquor yet remaining , the fixed al
kali produced 18.6 of aerated magnefia . It
ought to well obſerved , that the water poured

off from the precipitate fhould boil near an hour ,

as it always holds a portion of magneſia , and
fometimes of lime diffolved in the aerial acid .

This volatile menftruum being diffipated , the
aerated lime falls almoft immediately , but the
feparation ofthe magnefia is flow , and not com
pleted until the whole is evaporated to dry
nefs . The fediment , containing magnefia a
lone , diffolved in the vitriolic acid , being in
fpiffated , and afterwards ignited for a quarter of
an hour , is ſtill wholly foluble in water ; what
ever alum may be in it remains burnt and de
prived of its exceſs of acid ; if gypſum , that
alſo remains ; unleſs waſhed away by a large
quantity ofwater . To diſcover the argillaceous
earth , the aerated magneſia , as elſewhere ex
plained , is moſt fuccefsfully employed as a pre
cipitant of the ſolution already deprived of it

s

iron .
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iron* This method is very convenient : For,
fhould the magnefia be added in too large a

quantity , the excefs will fubfide to the bottom
whiter and heavier than before , ſo that the a
lum , which is neither fo heavy or fo light co
loured , may easily be feparated from it by

washing . In the experiment that was made in
this manner , we obtained 3.3 of argillaceous
earth .

In the analyſis ofthe following varieties this
method was continued .

$ 111. Of Afbeftas of Swartvik .

MANY remarkable varieties of this aſbeſtos

occur at Swartvik, in the parish of Swerdfio in
Dalecarlia ; two of which we fhall now proceed
to confider ,

The firft is white , and divifible into the fineſt
flexible fibres . Mixed with which are found lit

1 tle bundles harder and ferruginous , that were
however ſeparated from them, as more impure ,
and more charged with iron .

Cronstedt's Mineralogy, § 106. 2 .

Its character on being expoſed to the fire .

EXP . 7. By calcination it becomes rather
whiter in the crucible .-With a greater heat it
runs into a general mafs of a martial colour .

Expe

* Analyfis of Lithomarge .
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Exp . 8. In the flame of a blow-pipe , whe
ther alone or mixed with alkali , microcoſmic ſalt,

or borax , it exhibits the fame appearances as the
Tarentaifian; except that it diſcovers a greater

proportion of iron in its compofition .

Exp . 9. Purfuing the method o
f analyfis de

cribed before , Exp . 6 , the centenary produced ,

o
f

terra ponderofa nothing ; but 13.9 o
f

chalk ;

17.2 of aerated magnefia ; 27 of clay ; 64 of fi

liceous earth ; and 2,2 of calx ofiron .

§ IV . Of the Aſbeſtos of Swartvik refembling
Steatites .

WE arenow to give our attention to another va
riety of the Swartvik aſbeſtos , which forms as it

were a link between the aſbeſtos already defcrib
ed , and the fteatites which is found in the fame
place . It reſembles the fteatites in its green colour ,

but which is rather a little paler ; its furface is

ſmooth and ſhining ; can be ſcraped with the nail
into a white powder ; it differs however in the ar
rangement o

f
it
s parts ,being ftriated parallel and

longitudinally , and capable o
f

divifion into the
fineft white threads , which were before fo cloſe

ly united , that their joining was not percepti
ble .

15454 Exp .
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1

EXP . IO. In a violent heat , in a crucible , it
hardens and becomes white .

EXP . II . The flame of the blow-pipe produ
ces the fame effect upon it as on the foregoing .

EXP . 12. Treated in the fame manner as
the former experiments , we procured by ana .
lyfis , of terra ponderofa , o ; calcareous earth ,

7.7; aerated magnefia , 13.6 ; argillaceous earth ,
2.7; filiceous earth 74 ; and calx of iron , 2.

--

Sv. Ofthe Steatites ofSwartvik , z

As the fteatites of Swartvik reſembles in ma
ny circumſtances the afbefti found at the fame
place , we have thought it would be attend
ed with fome advantage to determine by
analyſis the extent of this fimilitude . 1
The fteatites is of a green colour , with a ſur
face fmooth and fhining ; forms a compact folid
mafs , here and there interfected with irregular

fiffures, that are frequently concealed . Its con
fiftence is ſuch , that it can be ſcraped with the
nail ; and it turns into a white powder .
Cronstedt's Mineralogy, § 81. 2 ß.

EXP . 13. A fmall thin lamella , weighing
355
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355 lb. being expofed to a white heat for two
hours in a crucible , was found , when thorough
ly cold , to weigh no more than 333 lb. fo that
in this operation a lofs was fuftained of 22 lb.
which accounted for ſeveral pounds of humidi
ty as well as aerial acid .
The whole of it became white , and though

fomewhat harder than before , yet could ſtill be
fcraped with the nail .
In a fevere fire of many hours , it changes a
little from yellow to a darkiſh colour , and ac
quires a degree of hardneſs capable of ſtriking
fparks of fire from a flint . If a ſolid piece of it
could be obtained free from chinks , of a proper

fize , nothing would excel it for the purpoſe of
fculpture, and eſpecially for the carving of heads
and ſmall figures . For it may be eaſily wrought
with a chizel ever fo blunt ; and when finiſhed ,

being properly hardened in the fire will defy the
keeneft tooth of time .

To melt it requires the ſtrongeſt poffible de
gree ofheat .

EXP . 14. The powder of fteatites roafted in

a pneumatic apparatus gives out about 6 lb. of
aerial acid in a centenary .

Exp . 15. In the flame of a blow-pipe it be
comes white , but is not melted ; -unites with

- effervefcence·
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effervefcence with the falt of foda ; -diffolves
with borax , but not with the microcofmic falt.

EXP . 16. 100 lb. of it being reduced to a
fine powder , were boiled in 1200 lb. of aqua re
gia . To the folution filtrated , and concentrat
ed by evaporation , vitriolic acid was added , but
no muddineſs appeared in it, nor was any gyp
fum depofited , although the evaporation was
carried farther . But that it might not eſcape
by being defended by the filicious earth , as
much vitriolic acid was poured into the folution
as would be more than fufficient to take up the

foluble earths ; and the whole was then evapo

rated to dryness .
Being afterwards thoroughly washed in wa
ter , there ftill remained a refiduum of filiceous
earth equal to 80 .

Phlogiſticated alkali diſturbed the liquor , and
produced 4 of Pruffian blue ; which anſwers to
0.9 of calx of iron .
The remainder , when filtrated was found to

contain magneſia . But that it might be afcer
tained whether it held any argillaceous earth , a
precipitation of 4 was obtained by means of the
aerated magnefia ; and it was obferved , that the
greateſt part of the precipitate fell before the ex
cefs ofacid was completely deftroyed . The fedi
inentwas faturated exactly with vitriolic acid ; and

the
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the proper excess ofwhich being reftored , a ge
nuine alum was produced .
It appears , therefore , that a centenary of
fteatites contains , of terra ponderofa , o ; of cal
careous earth , 6 ; aerated magneſia , 17.1 ; ar
gilaceous earth , 2 ; filiceous , 80 ; and calx of
iron, 0.9 .

S VI. Of the Aſbeſtos of Baftnæs .

In the mine called Baftnæs , at Riddarhyttan ,
is found an aſbeſtos of a greeniſh grey , with ve
ry fine , foft threads , eaſily broken ; mentioned
byCronstedt in hisMineralogy, § 105 , A. 2. and
which often ferves as a matrix of copper pyrites .

EXP . 17. Roafted in a crucible , in a fire it
exhibits the fame character as the aſbeſtos in
general .

EXP . 18. Nor does the blow-pipe occafion a
hy extraordinary phenomena .

Exp. 19. By the ufual analyfis , from the cen
tenary was obtained , of terra ponderofa , o;

chalk , 6 ; aerated magnefia , 16.8 ; argillaceous .
earth , 6 ; filiceous , 67 ; and calcined iron , 4.2 .

§ VII .

7
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§ VII . Ofthe Afbeftos ofCorias .

THIS kind is found at Corias in Auftria , re
fembling very much the aſbeſtos of Tarentaife ,

is white , foft , and divifible into the fineſt threads .

Cronstedt's Mineralog . § 105. I.

EXP . 20 and 21. In the crucible , and with
the blow-pipe has the fame qualities with the
other aſbeſti .

EXP . 22. By analyfis , the centenary produ
ces , of terra ponderofa , o ; aerated chalk , 10.5 ;

aerated magneſia , 12.9 ; clay , 3 : 3 ; filiceous
earth , 72 ; and calx of iron , 1.3 .

S VIII. Of the Afbeftos of Crete .

THIS fpecies of aſbeſtos , brought from Crete ,
is white , of a rough irregular texture , with
fhort broken threads , laid over each other like
tiles on the roof of a houſe .

Cronstedt's Mineral . § 106 .

EXP . 23 and 24. In the fire it exhibits no
thing different from the others .

Exp.
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EXP . 25. Its analyfis yielded , of terra pon
derofa , o ; aerated chalk , 14.3 ; aerated mag

nefia , 28.8 ; clay , 1 ; filiceous earth , 53.9 ; and
calx of iron , 2.

Six. The Afbeftos ofSahlberg , commonly called ,
Mountain Cork .

THIS is dug out of a filver mine at Sahlberg ;

it is white , compact , and elaſtic like cork , and
with its fibres variouſly interwoven .

EXP . 26 and 27. It has the ufual character in
the fire : But it is worthy of remark , that when
properly heated in the flame of a blow-pipe , it
affords a tranſparent globule , which feldom hap
pens to the other aſbeſti .

Cronstedt's Mineral . § 104. I. a.

EXP . 28. By analyfis the centenary produced ,

of terra ponderofa , o ; aerated chalk , 10 ; aera
ted magneſia , 22 ; clay , 2.8 ; filiceous earth ,

62 ; and calx of iron, 3.2.

§x . Of the Afbeftos of Sahlberg , known by the
Name ofMountain Leather .

Ir differs from the foregoing variation in its
N lamellated
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Famellated maſs only , and its confiftence , which
is not fo firm .

Cronstedt's Miner . § 103. 1 .

EXP . 29 and 30. It agrees perfectly with the
former aſbeſtos in its appearance in the fire .

EXP . 31. A centenary of it yielded by analy

fi
s , o
f

terra ponderofa , o ; aerated chalk , 12.7 ;

aerated magnefia , 26.1 ; clay , 2 ; filiceous earth ,

56.2 ; and calcined iron , 3 .

S X
I
. Ofthe fafciculated Afbeftos ofGrange .

THIS fpecies is found in the parish ofGrænge

in Dalecarlia , and confifts o
f grey parallel fibres ,

rather rigid , not very diftinct , and collected in

to little bundles , which are not parallel in rela
tion to each other , but croſs in various directi
ons .

Cronstedt's Mineralogy , § 106 .

Exp . 32 andand 33. In the fire it appears as uſual .

EXP . 34. Analyſis diſcovers in the centenary ,

of terra ponderofa , o ; aerated chalk , 12.8 ; aera
ted magnefia , 16 ; clay , 1.1 ; filiceous earth ,

63.9 ; and calx of iron , 6 .

S XII
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+

5 x11. Of the Afbeftos of Pehrberg :

Ar Pehrſberg in Vermeland , we meet with
an aſbeſtos of a dark colour , with rigid parallel
fibres , that can fcarce be feparated , or admit
of being further divided .
Cronstedt's Mineralogy , § 105 .

EXP . 35 and 36. In the flame of a blow-pipe
it becomes white , and leaves a white fcoria ;

which is rather extraordinary , as it contains a
bove of iron .

EXP . 37. By analyfis we obtain , of terra pon
derofa, o ; aerated chalk , 12 ; aerated magne

fia , 13.7 ; clay , 1.7 ; filiceous earth , 62 ; and
calcined iron , 10.6 .

S XIII. The fibrous Schorl of Grange .

As the fibrous Shorls very often bear fo ftrong
a reſemblance to the afbefti , that they are with
difficulty diſtinguiſhed from them by their exter
nal appearances , it may not be improper to ex
amine the compofition of both the one and the
other variety , which, from their outward cha
racter , ought naturally to be referred to the claſs

of fchorls . In the parish ofGrænge , ſuch a ſpe
N 2 cies
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cies occurs of a greenish white , with flender
parallel threads , tranfparent , and brittle like
glafs, and in other refpects very fimilar to the

afbeſtos of Baftnæs already deſcribed .
Cronstedt's Min . § 74. a.

EXP. 38. It is converted by fire , in a cruci
ble , into a white ſcoria .

EXP. 39. In the flame of a blow-pipe , it
melts with ebullition into a flag ; diffolves with
borax and with the microcofmic falt, but with

the latter more flowly ; and effervefces in its uni
on with themineral alkali .

EXP. 40. The analyſis of it produces in a
centenary , of terra ponderofa , o ; aerated chalk ,

6 ; aerated magnefia , 12.7 ; clay, 2 ; filiceous
earth , 72 ; and calx of iron 7.3 .

§ XIV . The fibrous Schorl ofZillerthal

AT Zillerthal in Tyrol is found a beautiful
fchorl of a green colour , with prifmatic fibres ,

´brittle , tranſparent , not quite parallel , but com
bined in feveral little bundles , diverging from a
centre . Small pieces of it cut glaſs .
Cronstedt's Min . § 74. b.

EXP .
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EXP . 41. and 42. Whether tried by fire in
the crucible , or by the blow-pipe , it diſcovers the
ufual qualities of fchorl .

1

EXP . 43. By analyfis , the centenary produ
ces of terra ponderofa , o ; aerated chalk, 9,3 ;
aerated magneſia , 20 ; clay , 2.7 ; filiceous earth

64 ; and calcined iron , 4.

Having proceeded thus far , it may perhaps
be not altogether uſeleſs to defcribe more par
ticularly the method by which the different a
nalyfes were conducted . The ftones intended

for examination being firſt reduced to the fineſt
powder , and exactly weighed , were thoroughly

mixed with fixed vegetable alkali and powder

ed charcoal , and then ignited for two hours in

a covered crucible ; at which period the cover
being removed , they were calcined until the

charcoal was completely dephlogiſticated . The
fteatites alone was not expoſed to this proceſs ,

as it
s folubility was fufficiently proved by other

experiments . The alkali employed was the
pure falt o

f

tartar . In all the trials , both the
quantity and quality o

f

the charcoal being the

fame , there was no reafon to apprehend the ad
mixture of any foreign fubftance . A centenary
of this coal yielded no more than 1 of afhes .

After the calcination , the powders became more

o
r

leſs blue o
r green , and communicated direct

ly to a fmall quantity of water poured upon

N 3 them
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them, a green , or bright red. If an acid was
poured upon the green liquor , it was changed to
a red ; ifupon the red liquor , the colour was at
firft much heightened , but afterwards affuming

a yellowish tint , became gradually fainter , and

at length wholly difappeared . To the fmall
portions of magnefia , which almoſt always ad
heres to the charcoal , we may attribue all theſe
phenomena , as will be found explained elfe
where *.
The powder thus prepared was boiled in aqua

regia , until all the foluble part of it was diffolv

ed . The filiceous part remaining was collected

in a filtre, and waſhed in warm water . To the
folution concentrated by evaporation , fome
drops of ftrong vitriolic acid were added ; and ,

if after a quarter of an hour there were no figns
of terra ponderofa in it , a quantity of the fame
acid fufficient to faturate the calcareous earth

was then poured in , and , by a gentle evapora
tion , almoft the whole of the gypfum was fepa

rated . This being collected , the folution was
again diſturbed by aerated alkali , and received
on a filtre : The precipitate was then washed ;

while yet moift , vitriolic acid was gradual
ly added to it , until none of it remained ex
cept perhaps a fmall portion of gypfum that
fometimes eluded the firft feparation . On boil
ing the water of the precipitation , it depofi

ted
Effays , 2 vol . page 220 .

and
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ted fome magnefia diffolved in the aerial acid ;

and , if there was ftill any quantity of aerated
chalk , it would be eafily feparated by means of
the vitriolic acid . The two precipitations a
bove related were found uſeful folutions in the

vitriolic acid , for the purpoſe of expelling the a
qua regia, and depofiting the alum in its turn .
"The new folution in the vitriolic acid is there
fore firſt to be precipitated by the phlogiſtic al
kali , and then , the Pruffian blue being collect

ed, the alum may be depofited in the remain
ing clear liquor , by means of the aerated mag
nefia .

S xv. Corollary .

In order to leffen the difficulty of comparing
together the ſeveral varieties examined , we
have exhibited here at one view the proportion

al contents of a centenary of each of them .

N 4
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Terrapond. Calcar. Magnefia. Clay. Siliceous Calx of'vitriolata. earth. earth. iron .

0,0 17.1 2.0 80.0

7.7 13.6 2.7

13.9 17.2 2.7

10.5 12.9 3.3 72.0

14.3 28.8

Steatites

Afbeft . Steatiform 0.0
Swartvik 0.0

Corias 0,0

Crete @,0

Corium 0.0 12.7 26.1

Cork -like 0.0 10,0 22.0

Baftnæs 0.0 6.0 16.8 6.0 67.0

Grænge 0.0 12.8 16.0 1.3 63.9
Pehrfberg 0.0 12.0 13.7 1.7
Tarentaife 6.0 6.9 18.6 3.3 64.0

Schorl Grænge 0.0 6.0 12.7 2.0 72.0

Zillerthal O.Q 9.3 20.0 2.7 64.0

62.0

74.0

64.0

1.0 53.9

2.0 56.2
2.8 62.0

0.9
2.0

2.2

1.3

2.0

3.0

3.2

4.2
6.0

10.6

1.2

7.3

4.0

Having well confidered thefe circumftances ,

it is plain,
That no fuch earth exifts as a peculiar fimple

afbeftine earth . For every one of thefe varieties
contains , befides a fmall portion of iron , other

known principles , four ofwhich are primitive , as
the calcareous , the magneſian , argillaceous , and

filiceous ; and , although the ſecond is by no means
infogreat aproportion as the laft , yet it ftill deter
mines the character and genus. As in the Scia
graphy of the Mineral Kingdom , digefted and
arranged according to proximate principles , the

genera of compounded fubftances are not defi
ned by the excefs in quantity of any one parti
cular ingredient ; fo , in the cafe now before us ,

certainly
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1

E

certainly no one , from the character of a ſtone ,

foft , fibrous , and flexible , would be led to ap
prehend fuch an abundance of filiceous matter .
In the compofition of the nine fpecies , reckon
ed , with the confent of all mineralogifts , under
the name of aſbeſti , which have hitherto been
chemically examined , the filiceous earth is found

to conftitute the greater part , making never leſs
than the half, and fometimes three fourths of
the whole . In relation to quantity , magnefia
holds the fecond place between the limits of
12.7 and 28.8 in the centenary . Then follows
the aerated chalk, fluctuating from 6.0 to 14.3.
Argillaceous earth is in the ſmall proportion of
1.6 in the centenary . Calcined iron is found
in all of them from 0.9 to 10.6. The ſpecific
difference therefore feems to be thus determin
ed :

Afbestos-compofed of filiceous , magnefian ,
calcareous , and argillaceous earth , with fome

admixture of ferruginous inatter . Metallic fub
ftances are indeed extraneous ; but , as earths

of the pureft kind are ſeldom entirely free from
iron , it muſt ſtill be confidered as a fpecies of
alloy. In this order the materials of the com
pofition being enumerated , according to their fe
veral proportions , illuftrate clearly the fpecific

differences .

As to what relates to thoſe ſubſtances that

bear different degrees of reſemblance to the af
befti ,
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befti , the Tarentaifian approaches fo near to the
genuine , that it is a queſtion whether it ſhould be
ſeparated from it . It has the fame principles ,
arranged in the fame order , with the addition of
vitriolated terra ponderofa only , and which does

not ſeem to have been combined by the hazard

of neighbouring fituation , but by a more inti
mate and perfect union with all the parts , as it
efcapes the penetration even of affifted vifion .
The aſbeſtos of Tarentaiſe , then , conftitutes the
ninth fpecies of the Magnefian genus ; to which
perhaps the infignificant name of amianthus ap
plies , that would otherwiſe be fuperfluous . But
we will now attend to a ſpecific difference .
The amianthus --compofed of filiceous , mag
nefian , and calcareous earth , 'terra ponderofa

vitriolata , argillaceous earth , and a portion of
iron . Whoever has had an opportunity of exa,
mining this fubftance in large quantities , on the
fpot where it is found , fhould have inveſtigated
whether the mixture of the terra ponderofa is
merely mechanical . For were it no otherwiſe
united , it would ſcarcely remit fo much the ac
tion of acid menftrua , as we find by experience

that it does . The progreffion from the ſteatites ,
through the fteatiform aſbeſtos , to the fofteft
variety of afbeftos , defcribed under the third
and fifth heads , is fomething remarkable .
The firft differs folely by it

s wanting the cal

careous earth ; which feems in fome meaſure

to imply a confiderable power in this earth to

form
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he form its fibrous texture . On the other hand ,
again , it not only diſcovers an obvious refem
blance to the fibrous ſchorl, but a ſpecific agree

ment even is demonftrated by analyfis . But
this cannot be affirmed of all the varieties of the
fibrous fchorl , as hitherto two only of them have
been examined ; though , with regard to the reſt ,
the probable conjecture is very great .
From the corroborating teftimony , therefore ,

of thefe experiments , we may correct the ſpeci
fic differences laid down in the Sciagraphia of !
the Mineral Kingdom . For , at the time that

this paper was written , no perfect analyſis of
the aſbeſtos had as yet been made , and two
only of its principles were known . We would ,

however , hope to flatter ourſelves , that we have

determined the ſpecific difference o
f

the aſbeſ
tos among eleven varieties , both a

s to their a

greement inexternal characters a
s well as inward

compofition .

8

The aſbeſti have been hitherto applied to lit
Etle or no ufe . Formerly , indeed , cloths made
of the fofteft kinds were employed to wrap up the
bodies o

f

the dead , that , by it
s qualities o
frefifting

fire , their afhes might be preſerved . But on
the abolition o

f

funeral piles , the utility o
f

the
aſbeſtos ceaſed . And as to its being calculated

for garments for the living , the continual and
intolerable irritation of its harſh and ſhort fibres

would render it certainly not very defirable .

Paper
765
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Paper made of aſbeſtos is both brittle and abfor
bent; and fo little adapted to the purpoſe of
writing, that as yet it has never been otherwiſe
confidered than as a curious phenomena in
phyfics .

Perpetual matches , or wicks for lamps not
confumable by fire , may indeed be formed with
the proper kind of afbeſtos ; but they require to
be occafionally cleaned , otherwiſe the oily mat
ter , that nouriſhes the flame , depofits a carbo
naceous refiduum on the top of the match , and
accumulates in fuch quantity as finally to ex
tinguish it. Befides , feveral of the varieties
whoſe fibres are fufficiently detached , to draw
up the oil or fatty ſubſtance , run ſo cloſely to
gether in the hotteft part ofthe flame , as to pre
vent the neceffary fupply .
Various ftories are related of ruffles made of

the aſbeſtos , by the Chineſe , and worn at the
end of their linen fleeves ; that they were finely
wrought , and , when dirty, were readily and
thoroughly cleaned by throwing them into the
fire . But the ſpecimen fent to the collection of
minerals in the academy, a few years fince , does
by no means anſwer this defcription : For on
examining it, it was found to be nothing elſe
than a flight open cloth made of ſome vegeta
ble fubftance , and therefore eafily deftructi
ble in the fire .

THOUGHTS
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NATURAL SYSTEM

FOSSIL S.

Res ardua , vetuftis novitatem dare , novis au&oritatem dubiis

fidem , omnibus vero naturam et natura fuæ omnia .

PART I.

C

PLINIUS .

ARRANGEMENT OF FOSSILS.

NATURAL BODIES IN GENERAL .

S1 . Principal Divifion ofNatural Bodies .

ALL bodies which nature fpontaneouſly pro
duces upon the furface of the earth may be
properly divided into organiſed and unorga
nifed.

§ 1
1
.

Organiſed
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§ 1
1
.

Organifed Bodies .

THESE are poffeffed o
f
a number of internal

veffels , by which , from the nouriſhment they

take in , the particles neceffary to the increaſe ,

fupport , and propagation o
f

fuch bodies , are ex
tracted , prepared , conveyed , and diſtributed .

§ 11. Claffes of organifed Bodies .

THESE bodies are diftinguiſhed by the epi
thet living ; and , whether they poffefs fenfibi
lity or not , they conftitute two immenfe claffes ,

the animal and the vegetable , which are com
monly confidered a

s two diftinct kingdoms in
nature .

giv . Unorganifed Bodies .

THOSE bodies are termed unorganiſed that
are entirely without any organic ftructure , and
feem to be formed by the accumulation of par
ticles united folely by the external force of at
traction .

§ v . Various
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§ . Various Confiftencies ofunorganised Bodies.

THESE differ in many reſpects , but we ſhall
here take notice of the degrees of denfity only,
which has commonly been deſigned by the nameof confiftence .

SVI. Solid Bodies .

par

CONSIDERING thefe , then, according to this
rule , we find ſome bodies fo folid, that their
ticles are fo firmly united as not to be feparated
but by a very confiderable force . Ofthis kind
are moft ofthe foffils .

§ VII. Liquid Bodies .

SOMEagain are liquid, whofe component parts
adhere fo looſely , that they may be ſeparated
by the finalleſt impulfe ; but being left undiſturb
ed, they, by the force ofgravity , arrange them
felves in fuch mutual equilibrium , as to prefent
a furface parallel always to the horizon .

§VIII. Fluid
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S viii. Fluid Bodies.

OTHER bodies are reckoned fluid , whofe par

ticles are not only eafily feparable , but feem in
fome degree to repel each other . It is true ,
they ſeek an equilibrium ; but , as they are not
lefs influenced by elafticity than by gravity,
they oftener appear with the unequal furfaces

we daily fee in clouds and vapours .

§ 1x. The Utility of this Diſtinction .

ALTHOUGH the fame body , as occafion re
quires, may undergo every variation of con

fiftence , yet this diftinction is not the lefs to be

regarded ; for peculiar qualities , with a confide
rable difference in their proportions belong to
each condition . But the plan we have propof

ed to follow , will not admit of a further explica
tion of this matter .

§ x. The continued Series of Natural Bodies .

THE great Leibnitz , by that law to which
he gave the name of continuity , denied formerly
that there could poffibly be any interruption be

tween
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tween phyfical caufes and effects ; and main

tained , with ſuch confidence , it
s

invariable ope

ration and influence , that he predicted , that
fome time o

r
other a fpecies o

f

animals ( as the
zoophyta )would be difcovered , partaking more
or lefs of the nature of vegetables . - The cele
brated Trembleyus , by the difcovery o

f

the Poly

p
i
, afterwards confirmed the truth o
f

this pre
fage . Daily experience alfo convinces us o

f

the
exiftence of fuch a connecting chain in the or
der o

f

natural bodies ; fo that , though we are
acquainted with feveral links fingly , yet it may
feem ſcarce poflible to afcertain thoſe that ſhould
be immediately united to them .

S X
I
. The Neceffity o
f
a Syftem in Natural

Hiftory .

As natural bodies may in various ways be
rendered uſeful to man , a thorough knowledge

of them becomes highly neceffary ; and it will ,

indeed , in general be found , that their utility

encreaſes in proportion to the extent of that
knowledge . Their great number and variety
require fyftematic arrangement ; without which

the neceſſary diftinctions could not be made ,

and which , in fome cafes , where the difference

is very minute , would be productive o
fgreat in

convenience .

§ XII . Criteria0
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S XII, Criteria of Natural Bodies .

In order to difcriminate with fafety and pre
cifion , even where bodies are united in the great

eft affinity , it is an object of the firſt importance
to eſtabliſh proper criteria."

1.

§ XIII . Conftant and perpetual Forms of Organic
Bodies .

1
In the egg , or in a fecundated germ , the
little body , the rudiment of the future fœtus ,

lies wholly concealed , until by proper heat and
nouriſhment it is gradually evolved , increaſes ,
and arrives at maturity . In all organic bodies ,
therefore , the form is predetermined from their
very origin , which the power of their internal and
peculiar ftructure is calculated to develope ; fo

that between thefe two qualities the relation is

invariable ; and therefore criteria are not impro
perly collected from that external figure which
is derived from , and rooted in the effential cha
racter of the fpecies .

§ XIV. Monftrous Productions .

AMONG thefe , indeed , we fometimes find de
viations from the general laws of nature , produc
ing monsters ; but fuch events which are rare ,

and
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and arifing from particular cauſes , are almoſt al
ways unlike each other .

Sxv . Fofils .

ALL unorganic bodies , as well folid as liquid ,
which are either altogether without any orga
nic ftructure , or difplay the ruins only of orga
nization , are denominated fofils , or more com
monly minerals .

SXVI . The Mineral Kingdom .

THE term fofil, or mineral kingdom , is gene
rally applied to an arrangement of fuch foffils
as are found in the earth.

§ XVII . Generation of Foffils .

In this third kingdom of nature , the proceſs
of generation is carried on in a manner widely
different from that of organized bodies . Here
is no egg, no feed , to cheriſh and ſupport the
future foffil , confined and reſtrained within the

narroweſt limits ; no fecundation ; no efta
bliſhed circulation of the nouriſhing fluids ; nor
any evolution . Molecules uniting , by the fole

Ò 2 power
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power of attraction , form at once the growth

and perfection of foffils .

S XVIII. Variable and inconftant Form of Foffils.

FORM , and other external qualities , ofwhich
the fenfes only can determine , depend upon

circumftances that are perpetually varying , but
which do not in the leaſt affect the intrinfic na

ture of the foffil .

The pofition may poffibly need the illuftra

tion ofan example . Let us take a quantity of
water , charged with aerated calcareous parti

cles, and we fhall fee arife various figures , tex
tures , and cohefions , according to the different
modes in which the concretion was performed .
By the fubfidence only of the atoms a cruft is
generated, parallel to the bottom , if the diftri
bution of them has been made equally through

out the whole mafs ; if otherwiſe , the greater
part forms tubercles farther from the furface of
the bottom , than in the fuppofition of equality .
Water impregnated with aerial acid acts like a

menftruum ; and , though it does not at all affect
the faturated particles in this hypothefis , yet it
nevertheleſs has confiderable influence in form
ing their concretions . Such water oozing
through fubterraneous vaults , generates calca

reous drops , hanging from the roof, while
pointed
2
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pointed cones are produced by the falling fluid
upon the floor , and both increaſing in length ,
meet at laſt , and form one continued column.
If the fame water purfues its trickling courfe
along the walls , we find them covered with a
ftalagmitic cruft ; which according to the diver
fity of the protuberances exhibits a great varie ..
ty of figures , that , with the affiftance of a warm
imagination , may be made to refemble com
plete animals , or their feveral members, and a
thouſand other forms and appearances .-From
thiswater fuffered to remain long at reft , fpata

ceous cryftals are feparated , that affume va

rious fhapes ; as the granatic , the ſchoerlaceous ,

hyacinthic , dodecaedric , and thofe pyramidal on
both fides , named fwines teeth , -and many o
thers .

The internal texture likewife admits of confi
derable variation . The moft fubtle particles

unite into a denfe and equal mafs : Thofe that
are granulous , and ofmany angles , form com
binations more rough and uneven ; fuch as are
produced by chryftallization appear fpataceous ;
and others that are alternately depofited in ftra
ta , or lamellæ , prefent a divided ftructure ,

The degrees of cohefion alfo vary according
to circumftances , Water charged with fine
particles of aerated chalk, and quickly evapora
ted , leayes a powder fcarcely cohering , and
which foils the fingers , like the mineral known

by03
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by the name of Agaric . Larger maffes however
of calcareous powder , expofed for many years
to the preffure of a confiderable weight , acquire

at length fuch a degree of confiftence , that di
ftinct lines can be drawn with fmall pieces of
them ; indeed this property is found in calca
reous chalk likewiſe .-Hitherto the greater de
gree of hardneſs has been produced by cry
ftallization , as we find that calcareous cryſtals

make no mark whatever , a circumſtance owing

to the firm union of their particles , by which
the friction on a painter's canvaſs has no effect
upon them , at leaſt fo as to be visible .

What has been thus briefly ftated may be
fufficient to fatisfy us , that , from the external
qualities of foflils , no proper judgement can be
formed of their internal compofition .

OF THE SEVERAL CRITERIA OF FOSSIES .

§ XIX . Oryctology .

ORYCTOLOGY , Or Mineralogy , are names giv
én to that ſcience , which fo arranges all the
known fofils, that they may be accurately di
finguished from each other .

~1 xx. Various
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xx. Various Syftems of Oryctology .

As zoologiſts , in their arrangement of animals ,
have chofen different parts ; fome the feet , o
thers the teeth , the becks , and other parts , ac- ;
cording to the agreement or diſagreement of
which their different fyftems were eſtabliſhed ;
and , as botanifts have differed in the principles of
their ſcience , one preferring a leaf, another the
petals , a third the ſtamina and peftillum , while a

fourth maintains the fuperiority of the fruit ;-e
ven fo is it with mineralogifts , who have often
purfued verydifferent paths, in their endeavour to
illuftrate and confirm the fame object . Such a

view of natural bodies , taken as it were from
many different points , has however its advanta
ges , as it increaſes the number of accurate com
pariſons . But , as every method cannot equally

anfwer the end propofed , it becomes neceffary

to ſelect that which is the moft perfect and con
venient .

XXI . The beft Arrangement .

As , in order to underſtand the nature of fof
fils , and apply them to purpoſes of utility , it is
neceſſary to arrange them in fome kind of fyfte

matic order , the preference is certainly due to

that method , by which both their internal cha

04 racter
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racter and compofition may be made equally e
vident . Effential properties depend on the qua

lity of the parts that enter into compofition ,

and their mutual proportion ; and , unleſs we
are well aquainted with thefe parts , we ſhall la

bour to little purpoſe , in our attempts to mould
them to our own defires : Nay , we often meet
with diſappointments , becauſe we have not con
fidered that our views are inconfiftent with the

very nature of the materials fubjected to experi
ments .

§ XX11 . In what manner the Compofition ofFoffils
maybe afcertained.

HAVING fettled theſe points , it remains yet to
be determined in what manner we are to judge

ofthe compofition of foffils : Whether the con
nexion between fuperficial marks , and the intrin
fic character , is fo intimate and confequent , that
the former cannot be known , without the other
being revealed ? whether it may be neceffary
to proceed by a chemical analyfis in the dry
way ? or, fhould this not be fufficient , are we to
have recourfe to the moift way ? We will con
fider thefe queftions feparately .

§ xx111 . External Criteria .

IF , through the means of criteria collected
-from
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:

from the external appearance , and obvious to all,

we were able to obtain the object of our re
ſearch , no method could certainly be more fim
ple ; for, with the affiftance of our fenfes only,

we might diſpenſe with the tedious proceffes of
experiments : But we have already difcovered

the fallacy of relying on many of theſe marks ,

even the moſt principal , as they are liable to be

affected by various circumftances of fituation ,
and diverfified without end , (§ xviii .) . It may
be proper , therefore , to enter a little more mi
nutely into the confideration of this queſtion .

§ XXIV. Uncertain and deceitful Size of Foffils .

In no criteria can we poffibly have leſs faith
than in that ofmagnitude ; and we cannot fuffi
ciently exprefs our aſtoniſhment at the violence

offered to nature , when a larger piece of ſtone ,

referred to it
s proper genus , if reduced to a pow

de , is not only exiled to fome other , but is not

even permitted to remain under the fame claſs .

XXV . And Colour .

THE Vulgar proverb , that cautions us again
belief in colour , is not inapplicable to orycto
logy . It is well known , that there are feven
primitive colours ; and , in order that a body
appear coloured , it is requifite that fome parti

cular
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cular kinds of rays be reflected ; would we en
quire into the cauſe of this phenomenon , we'
muſt ſeek it in the quality of the furface , which
is indeed often ſo tranfient , that the colour may

be changed , or entirely deftroyed by the heat
of boiling water , or even by the influence of fo
lar light.

A tranſparent colour arifes from tranfmitted
rays, and feems to indicate a ſpecies of attrac
tion ; while , on the other hand , an opaque co

lour implies repulfion . Both without doubt fug
geft the idea of fome relation between the light

and the given body ; but which is of fuch fub
tlety, that though it alone were varied , the cha

racter of the matter remains altogether unalter
ed ; at leaſt the difference is not obvious to the
fenfes . We have feen , that tranfparency de
pends upon the difpofition of the particles ; and

this once diſturbed , the tranfparency vanishes ,

and with it all the effect produced by tranfmit

ted rays . Theſe feveral appearances feem to a
rife from the phlogiſtic molecules , which vary ei
ther as to quantity , magnitude , or elaſticity . Ve
locity even determines the difference of colours .

S XXVI . Internal Texture and Form .

We have already touched on internal texture
and form in the foregoing divifions , (§ xviii .)

Determinate
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Determinate figures bear a refemblance to geo

metric bodies , and it is not without fome degree

of probability that they are faid to be derived
from the nature of the matter : An opinion that
has long influenced many to believe , that cer
tain figures were proper and effential to diffe
rent fubftances . The folly of this doctrine I
have elſewhere demonftrated at large * . If
therefore regular figures , and thoſe beſt defined ,

are fallacious , we are furely not to rely on any
fuperficial characters which are very often com
mon to fubftances of the moft oppofite qualities ,

and never uniformly conftant in the fame fpe
cies .

S XXVII . Phyfical Marks ofEarths.

NOR are we wholly to neglect the phyfical

marks , which , though they cannot be fully eſti
mated by the external ſenſes alone , yet may be
afcertained by eafy experiments , without the
trouble of decompofition . Such , in the firſt
place , are hardneſs and fpecific gravity ; to

which , indeed , we may add the relation to the
magnet .

S xxvIII . Hardness :

DEGREES of hardneſs may be determined in
various ways , by the nail , the knife , or by ſteel ;

and ,
Effays , vol . 2 .

1
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and when they are more intenſe , by a ſeries of
gems , cut exprefsly for this purpoſe . But this
property indicates lefs the matter , and its mix

ture , than the various exficcations arifing from

different circumftances , the ſubtlety and cohe
fion of particles , denfity , and fuch like . Soft
clay dried gradually , and afterwards expofed to
an encreafing fire for feveral hours , until it is
brought to a white heat , becomes harder and

harder , and is at length capable , like a flint of
ftriking fparks from fteel . In all this proceſs ,
however , the matter is no otherwife affected

than by a contraction of its bulk , which is di
miniſhed about one half.

§ XXIX. Specific Gravity.

SPECIFIC gravity is determined by the hydro
ftatic balance , which properly indicates nothing
elfe than the denfity or quantity of matter in a
given volume . A knowledge of this property
is of confiderable utility , eſpecially in the exa
mination ofmetals , whether pure , or of known
mixture ; but with refpect to other foffils , the
difference is fo very triffling , that their nature
and compofition can fcarcely ever be this way
afcertained .

{ xxx .
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5 xxx . Examination by the Magnet .

IRON , unless it is dephlogifticated below a
certain point , is ever obedient to the magnet ;

but this mark is particular . Various phenome

na likewife authoriſe a fufpicion that many o
ther fubftances are attracted by it ; therefore no
reliance can be had upon this as a diſtinguiſhing

character .

§ xxxI . Real Utility of external and phyfical
Marks .

ALTHOUGH fuperficial criteria contribute no

thing to the true knowledge of foffils , and that
the obſervation ofJuvenal , fronti nulla fides , may

be well applied to them , even though the phy
fical properties be at the fame time underſtood ,

(§ xxviii . xxx . ) yet we are not altogether to paſs
them over in contempt . By fuch accurate de
terminations as the celebrated Werner fo fuc
ceſsfully attempted , they are rendered very pro

per for diftinguiſhing varieties ; and when the
eye is once habituated to them , they often lead

it directly to diacritic experiments . Perhaps the
compofition being thoroughly aſcertained by a
nalyſis , an exact compariſon may affift confi
derably in drawing a juft inference .

§ XXXII .

I
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§ XXXII . Nature ofFoffils difcoverable by the Aid
of Chemistry .

In order to diſcover the proximate principles
of foffils , it is neceſſary to have recourſe to che
mical experiments . But will not the fimpler

kinds be fufficient , in which the foffils , whether

alone , or with the addition ofproper fluxes , are
melted in the fire and treated in various ways ?
This indeed is the path purfued with indefatiga

ble zeal by the celebrated Pott , and which no
one fince him has extended with more fuccefs

than the renowned Monfieur D'Arcet . How

far it is connected with our defign we fhall pre
fently have occafion to obferve .

XXXIII . Their Character in the Fire.

A THOROUGH Knowledge of the effects produ
cedby fire upon foffils is ofthe greateſt importance
in the cultivation ofmany arts . For if we re
collect that bricks , tiles , crucibles , glafs , a
maufa , earthen and china veffels , eliquation of
metals , and other works , can neither be carried

on nor completed without the affiſtance of fire ,
we fhall fee that this knowledge is equally
neceffary and extenfive .

§ XXXIV .

4
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$ XXXIV . Uſe ofthe Blow-Pipe in Oryctology .

NOR can we pafs over in filence the great u
tility of the blow-pipe in oryctology , by it

s ſpee
dy and concife mode o

f operating . With it a

few minutes are fufficient to examine the nature

o
f
a foffil , upon a piece o
f

coal , o
r in a ſpoon o
fgold ,

and to obferve all the changes from beginning to

end ; which for the most part is not poffible in a

crucible ; notwithſtanding in this way , it re
quires feveral hours before the refult o

f

the pro
cefs can be known * .

S xxxv . Most o
f

the Principles o
f

Fofils are

difcovered b
y

Fire .

Irmuft , however , be acknowledged , that ,

in many cafes , the principles o
f

foffils may be

aſcertained by the proper application o
f

fire ;

unleſs , by the number or delicacy of fuch prin
ciples , the compofition o

f

the foffil is rendered

too complex and intricate .

S XXXVI . But not every Principle .

THERE are many circumftances that will pre

vent us from confidering fire as the fupreme ar
biter o

f compofition , though fupported with all
the

Effays , 2d vol . page 455 .

#
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the affiftance of the dry way ; and it may be
fufficient to enumerate fome of the moſt confi
derable .

S XXXVII . Why Investigation by Fire is fometimes
fallacious .

FIRE tends to confound all principles toge
ther,except thoſe ofmetallic bodies whichare fe
parated from their matrices ; it is therefore not
at all calculated to extricate the ſeveral ingredi

ents ofcompofition .

S XXXVIII . The Efficacy of Fire cannot be de
fined with any certainty .

AN accurate and eafy meaſure of the power
of this element is yet wanting . A foffil refifts a
certain degree of heat , that will yield to one
more intenſe ; and there are perhaps a very few
that are deemed altogether refractory .

§ XXXIX . And it is variable alfo .

It is not uncommon for the fame degree of
fire to melt fome varieties of the ſame ſpecies ,

while upon others , it feems not to have the
fmalleſt influence . The petrofilices , feltfpat ,

and other foffils , afford examples of this kind .
§ XL .
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XL. Does not determine the Proportion of the
different Principles .

AND laftly, ifſometimes it is competent to dif
cover fingle principles , yet it always conceals
their mutual proportions . This imperfection is
ofthe greater moment , as it is evident , that the
proportions of the fame materials being varied ,

boththe appearence in the fire , and the other qua
lities of the foffil , are often confiderably altered .

XLI . Merit ofCronstedt .

THE celebrated Cronstedt , in his excellent fy
ftem of foffils , has eſtabliſhed the ſuperiority of
principles , and has therefore conceived the ge
nuine method ; and if, notwithſtanding , he has
occafionally fallen into errors , they must be at

tributed to the want of proper experiments .

XLII. The beft Method of examining Foffils in
the Humid Way.

THE illuftrious Margraf had no fooner difco
vered the true method ofdecompofition , the hu
mid and menftrual , than he endeavoured , by his
own exertions to render it eaſy and practicable .
The new road into which he ftruck , was befet
with thorns and briars ; but it is certainly the

onlyP
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only one that leads to a knowledge of princi
ples, both as to quality and quantity ; and there

fore indifpenfably neceffary in every enquiry in
to compofition .

§ XLIII . The Difficulty of founding a Syftem of
Fofils .

It was the opinion of the celebrated Lehman ,
whofe judgement in fuch matters was unquefti

onable , that a thouſand years would not be fuf
ficient for the conftruction of a fyftem of foffils ,
arranged according to proximate principles , on
account of the immenfe number of various foffils ,

and the daily augmentation it is receiving ; the
variety and expence of the neceffary expe

riments , and the want of a more general ſpirit
of adventure and induſtry requifite for fuch an
undertaking .

§ XLIV . Internal and external Characters.

A collection of thofe properties on which the
leading principles depend , is called the internat

character ; and the chief fuperficial marks ofa
ny foffil taken together , conftitute the external
character .

OF
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OF THE CLASSES OF FOSSILS .

§ XLV. Enumeration of the Claffes .

AVICENNA , an Arabian phyfician of the e
leventh century , divided foffils into the four

claffes , of falts , earths , metals , and phlogiſtic

bodies . In this divifion , all fubftances agreeing
either in external or internal character, are pro
perly enough combined ; and , as hitherto no
general arrangement has been propofed prefe

rable to this , it is no doubt worthy of being
continued .

XLVI . Order .

THE order of the claffes may in a great mea
fure be treated as a matter of indifference ; how
ever , I think it right to begin with Salts , as be
ing the only fubſtances ſoluble in water , and
which ought to be thoroughly understood , in
order to develope the nature of the other claffes ;

and perhaps , becauſe they are radically united
with each of them , though the moſt confidera
ble number of them have as yet in this ftate e
fcaped diſcovery .
Phlogiſtic bodies I place the laft in order ; for
theſe by their prevailing principle approach nea
rer than any of the other claffes to organiſed bo

P 2 dies ,
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dies , charged with inflammability , and towhich
principle foffils perhaps are indebted for their
exiſtence . Earths and metals , according to their

character , hold with propriety a middle fta
tion .

§ XLVII. Diftinguiſhing Marks of each Glass .

FOR the prefent it may be fufficient to men
tion the following criteria of the claffes , which
fhall afterwards be more fully explained .
Salts very finely pulverifed , and diffolved in
a thouſand times their weight of water , are more
or lefs fenfible to the tafte . With refpect to
diftilled water 2 is the common limit of their
fpecific gravity .
Earths have neither taſte nor folubility . They
are however taken up by proper fimple falts .
Though for the moft part heavier than falts ,
theyare not reducible to a metallic ftate . When
compared with water , their ſpecific gravity

fluctuates between 3 and 41 , which it has never
yet exceeded.
Metals are not foluble in water ; have a pecu

liar fplendour ; and furpafs all other known bo
dies in ſpecific gravity . They are at leaſt fix
times heavier than equal bulks of water , com
monly much more ; but never exceeding twen
ty times .
Phlogiſtic bodies are almoft always lighter

than
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than the falts ; but have this peculiar quality of
being combuftible .

SXLVIII . Tafte .

TASTE , depending upon the fenfibility of the
tongue , differs fo much in different perſons , that
what will excite powerful fenfations in one man
fhall not be at all perceptible to another . It
is evident , therefore , we are to place but little
dependance on this quality .

§ XLIX. Solubility in Water.

SOLUBILITY in water , confidered generally ,

is an unlimited property. In order to define it ,
it will be neceffary to attend to the ſtate of divi
fion of the body to be diffolved , and the quan
tity and temperature of the menftruum em
ployed .
Pulverization encreaſes the extent of furface ;

and in proportion as it does fo , the menftruum ,
by coming into contact in a greater number of
points , acts with more efficacy . For this reafon
large maffes immerfed in a menftruum , are
fometimes very little, if at all corroded : When
divided into ſmall pieces they offer lefs refiftance ;

and , if pulverized are entirely diffolved . It
happens occafionally , however , that mechani

cal divifion does not anſwer the end effectually ,

P 3 and
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and therefore recourfe is had to the more fubtile
powers of chemiſtry ; and the precipitation of a
folution made in a ſtronger menftruum , is taken
fuccefsfully for this purpoſe . For a precipitate
yet moiſt and recent is fo open and ſpongy , that
it far exceeds all mechanical divifion .

In like manner , though a folution cannot
be effected in an equal weight of water ; yet , if
that weight is doubled or tripled , or fufficiently

encreaſed, there would be no doubt of produc
ing it .- If water of a moderate temperature a
vail nothing , tepid or warmer water may fucceed ;

and ſhould this degree alfo of heat be ineffectual ,

it may yet be raiſed to fuch a height in a cloſe
veffel , as will generally overcome all refiftence ,

and even produce effects ſcarce to be expected .
Hence , then, I apprehend it is evident , that
the very nature of folubility will not admit ofa
ny certain or determinate criteria , but that it
may be faid rather to proceed in an infinite fe
ries : For if, on inftituting an experiment , no
thing is diffolved , a fufpicion will always ariſe
that if the refifting matter were either more
minutely divided or immersed in a greater quan
tity of water , or in water of a higher tempera
ture , it would neceffarily be diffolved . In this
manner , therefore , all certainty is deſtroyed , and
every conclufion rendered merely conjectural .

ST.
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S L. Artificial Limits ofSolubility .

IF folubility ever becomes an uſeful criterion ,
it muſt be by affigning to it certain neceſſary ar
tificial limits . Having duly confidered this idea ,

I have pronounced thoſe to be the beſt , that can
be found moſt eaſily every where . I have ſelected
therefore for this purpoſe mechanical pulveriz

ation , a weight of water a thouſand times hea
vier than the fubftance to be diffolved , and a
degree of heat equal to boiling , as boundaries
more proper than any others .

S LI. Great Extent of Solubility .

We are very far from believing that this li
mit is to interrupt one link in the great connect
ing chain of nature . Our ignorance and weak
neſs have rendered it neceffary ; and , whatever

fubftances beyond it a more improved ftate of
ſcience may diſcover , we ſhall refer them to the

claſs of earths , though we give them the appel
lation of faline , as an indication of their charac
ter . As examples of fuch faline fubftances , we
may take the filiceous earth , which is found ab
folutely diffolved at Geyfer in Iceland * ; and

the zeolithic , at Laugarnaes in the fame iſland +.
P 4 Vitriolated

* Effays , vol . 3d. p. 251 .
† Ibid. p. 255.
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Vitriolated ponderous earth , commonly called

Spatum ponderofum , aerated lime *, fluorated
lime , impregnated with the acid of the lapis pon

derofus , are all faline earths , by the force of
compofition , and are even without doubt folu
ble , though to what extent experience has not
yet determined .

SLII . Diftinguifbing Marks of Earths .

THE characters of earths are of the negative
kind . An earth is that fubftance , which is not
foluble ; not fo heavy as metallic bodies, nor is

capable of combuftion . Criteria fuch as thefe
betray our very limited and imperfect know
ledge . Cronstedt indeed mentions another

mark , the malleability of earths ; but this ob
fervation may be applied to falts , phlogistic fub
ftance , and the brittle metals . As to their

form not being changed by a red heat , the fame
can be faid of the vitriolated vegetable alkali, of
metals that require a much greater degree of
heat for their fufion , and of other foffils . Any
expanfion of their bulk is fcarce perceptible to
the eye , though a red heat is always fure to pro
duce it , unleſs counteracted by the diffipation of
fome volatile matter , as in clay , aerated lime ,
and other fubftances .

S LIII.

8

* Vol. i. 26.P.
Vol . iii . p . 228 .
1
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§LIII . Metals.

PERFECT metals are easily diftinguiſhed by

their opaque fhining furfaces and fpecific weight ,

Their malleability , which Cronstedt confiders as
theirpeculiar character , is nogeneral criterion ; for
we reckon almoft asmany brittle as ductile metals,

S LIV. Phlogistic Subftances .

A CERTAIN degree of levity , with as much
phlogifton , looſely combined , as will occafion in
flammation , is neceffary to the conftitution ofall
bodies denominated phlogistic . Solubility in oil
is not a diſtinguiſhing property of this claſs ; as
that menftruum , though producing no effect on
plumbago , yet acts violently on lead , copper ,
arfenic , and other metals ,

S LV. Mixed Foffils.

WHILE We are giving our attention to the di
ftinct arrangement of the ſeveral claffes , it will

be eaſily ſeen that we mean to confider fuch

foffils only as are in a ſtate of purity ; that is to
fay, free from every corruption by combina
tion with the ſubjects of other claffes , not necef
fary to their compofition . Sulphurated metals ,
for example , belong to two claffes ; and we are

to
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to determine from other data , to which they
ought in preference to be adjudged . In like
manner , aerated and fluorated lime, muriated

filver, and fome others are to be confidered .

S LVI. Affinity ofFoffils .

By the law of continuity , we may obſerve a
great affinity among the feveral claffes of fof
fils .

S LVII . Affinity ofSalts with Earths and Me
tals .

We have already taken notice ofthe connex
ion of falts with earths, and we may add further
to our remarks on this fubject , that burnt lime ,
by the intermedium of the matter of heat , ac
quires a folubility perfectly faline . The fame
thing happens to ponderous earth , but not to
magneſia . In all metals there lurks a certain
acid peculiar to each , the nature of which we
have as yet explored in arfenic only . Theſe
metallic acids differ from all others in this re
ſpect , that, when taken with proper proportions

ofphlogifton , they become metallic calces ; but
iffaturated with that principle they are reduced
to a perfect metallic ftate * , generating at the

fame

* Effays , vol. 3. p. 124.
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fame time fulphur and aeriform fluids *. Moft
phlogiſtic bodies likewife , perhaps indeed all,

contain an acid united in their very conftitu
tion.

S LVIII. Affinity ofEarths with Metals .

EARTHS refemble the calces of metals inma
ny of their properties ; but in reſpect to ſpecific
gravity , the faculty of colouring glaſs , and their
reduction to the metallic ftate , they are effential
ly different .

S LIX . Sulphureous Character of Metals.

METALS in their perfect ſtate are either me
tallic acids faturated with phlogiſton , or a ſpe
cies of metallic fulphur , which are fometimes
very evidently fufceptible of inflammation , as
zinc and arfenic . Gold and copper , when in
fufion , afford fome appearance of flame , though
faint, in a greeniſh vapour ; bright ſparks are emit
ted from iron in a white heat ; and tin alfo may

be inflamed by a proper manner of operating .

§ LX. Stones .

IN the claffes already enumerated , all foffils
are by no means included . Such as are compo

fed
Effays , Vol. ii. p . 352.
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fed of heterogeneous fubftances , mechanically
mixed , and united in a viſible manner , andwhich ,

for the moſt part , conftitute the entire fummits
of mountains , are comprehended under one
name of Petræ or Saxa . Cronstedt has , with
great propriety , treated theſe ſeparately in an
appendix . The knowledge of theſe fubftances
is doubtless highly neceffary , and tends much
to the illuſtration of phyfical geography ; but
they are not therefore to be confounded with

bodies more homogeneous , whofe combination

refting on chemical principles , is effected in the
wayoffolution.

S LXI. Organic Foffils.

ORGANIC foffils are confidered by Cronstedt
in another appendix . Theſe fubftances are to
be treated as ſtrangers from the animal or vege

table kingdom . They are diftinguiſhed by an
organic ftructure , more or lefs imperfect ; of
which , as long as they bear any marks , we are
to reckon them as foffils of a foreign fpecies.
The confideration of them is however in various
points ofview , highly ufeful . They reſemble a
ſeries of ancient coins in the teftimony they
bear to the convulfions and revolutions of our
globe , on which hiſtorical monuments are whol
ly filent. From them we may learn the wide
extended fovereignty of the fea ; the changes

that
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that fucceffive ages have wrought upon the fur
face ofthe earth ; and they difclofe to us what
animals inhabit the deep abyffes of the ocean,
and many other circumſtances moft worthy the
attention and enquiry of philofophy .

S LXII. Volcanic Productions .

THOSE burnt fubftances thrown out from the

mouths of volcanos , by a greater or lefs degree
of fubterraneous fire , Cronstedt has thought fit
to arrange in a third appendix . A general view
of them no doubt would be uſeful ; but there
are not wanting many reaſons why , in my opi
nion , volcanic productions will not admit of a
feparate claffification . We know there are ma
ny who ftrenuouſly ſupport the hypothefis , that

the whole foffil kingdom owes its origin to fire ;

for fuch as thefe , therefore , any diſtinction will
be unneceffary . We have learned alfo , that
marks burned by fire into foffils are gradually

.obliterated by the injuries of time ; becoming
firſt, obfcure , then equivocal , and at length be
ing wholly deftroyed . Whatever limits , there

fore may be drawn , they are in their very na
ture tranfient and perishable . It is , and muſt
be often exceeding difficult to determine whe
ther foffils havé derived their exiftence from fo
lution , or from the effects of fire . According
ly, to me it ſeems proper , to infert homogeneous

volcanic



238 ON A NATURAL SYSTEM

volcanic productions into claffes agreeable to
their principles ; and that all thoſe heterogene
ous fubftances , whofe combination is visibly me
chanical , fhould be the fubject of the firſt ap
pendix .

OF GENERA.

§ LXIII . Arrangement of Genera .

Bythe affiftance of claffes , all thofe foffils are
connected, whoſe compofition , character , and

properties are perfectly fimilar . Genera require

a nearer affinity ; fpecies a reſemblance ſtill clo

fer ; and varieties muſt correſpond in their inter
nal habitudes only.
Foffils entirely homogeneous are of very rare
occurrence ; as , for the moft part , two , three ,

or more principles , enter into their compofition .

The more fimple their compofition , it follows ,
they will be the eaſier reduced to their natural
genera .

Let A and B be the proximate principles of
any foffil , let A be heavier than B, the com
pound A B , will be then referred to the genus
of A ; but this admits of various exceptions .

2Suppoſe B poffeffed of a generic difference ,
and that it is no where found in a ſingle ſtate ,

(for we do not here fpeak of artificial feparati
on,)
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on); but always united to A, or fome other mat
ter , and ever inferior in weight in fuch combi

nations . According to the rule propofed above,

the genus B fhould diſappear entirely , and be
altogether wanting in the genera of its own
clafs , which is by no means conſiſtent with a
natural fyftem .
Again , let us fuppofe B excels A in the in
tenfity of its properties , fo that B is only equal

A

in weight to , yet notwithſtanding the quali
N

ties o
f
B are clearly predominant in the compo

fition A B , that is , are much more confpicuous
than thoſe o

f

the lefs ingredient A. Here again ,
unleſs I am deceived , we are to admit another
exception .

If the cafes propofed under B and C obtain at

the fame time , the exception receives a double
confirmation .

Sometimes it ſeems neceffary to give a prefe

rence to the price o
f particular fubftances . Sup

poſe A B C an ore , whofe metal C , though of

leſs weight than any other part o
f

the mixture ,

yet in value ſurpaffes both B and A , ſo that they
are entirely neglected , and C only thought wor
thy the expence of metallurgic operations . In
this cafe A B C is in fact the ore of C ; but if

the proportion o
f quantity were regarded , it

fhould belong to the genus o
f A , and with great

propriety , if a natural fyftem only is required .

We
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C

We are not here to have any reſpect to fictitious
valuation . But as the arrangement of foffils is
made with a view that our knowledge of them
may be eventually uſeful and advantageous , if
may ſeem to militate againſt this defign , if we
were to feek among the bafer kind for all thofe
noble minerals , whofe intrinfic value can defray

the labour and coft of eliquation .
The feveral cafes propofed ought not to be
confidered as imaginary , as they each of them
occafionally occur , and will be rendered more
clear and intelligible by application in the fol
lowing fections .

SLXIV. Genera ofSalts.

IN falts , we diſcover two genera , by no means
ambiguous ; the acid , and the alkali. Chemif

try has not yet been able to extract their proxi

mate principles ; but , that they are different

from , and oppofite to each other , there is not
the leaft room to doubt .

§ LXV. Acids.

AN acid is eafily diſcoverable by the tafte, by

it
s property o
f changing to red the blue vege

table colours , and o
f effervefcing with aerated

alkalis .

§ LXVI
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S LXVI . Alkalis .

ALKALIS are diftinguiſhed by a burning tafte,
by their converfion ofblue vegetable colours to a
green , and by their powerful attraction for acids .

LXVII . Salts not faturated .

UNSATURATED Combinations of acids and al
kalis , enter the genus of the prevailing fub
ftance , unleſs any one fhould chufe to refer

them rather to the imperfect neutral falts ;
which might be done not altogether without
reaſon , as the moſt of them betray an exceſs of
either the one or the other ingredient .

S LXVIII . Whether neutral Salts are to be refer
red to a diftinct Genus .

Irmay be queftioned whether an acid exact
ly faturated with an alkali ſhould conſtitute adi
ftinct and ſeparate genus ? Or ought rather fuch
a combination to be ranked under the acid , or

the alkaline falts ? If there is evidently an ex
ceſs of either of theſe principles , as in § 75 , then ,
without doubt , it may be properly affigned to
the genus of the exceeding principle ; but , in
all perfect neutral falts , the properties of acid
and alkali are blended fo intimately by fatura
tion , that all diftinction between them feems en

tirely
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tirely to have diſappeared . In this ftate of e
quilibrium, then , it becomes a matter of indiffe
rence whether the preference be given to the
acid or the alkali . To the latter however I
fhould rather incline , as the moſt convenient ;
but I would not violently oppoſe any one who
might think proper to refer them to the acid , or to

a diſtinct genus . Quantity may in this caſe , in
fome meaſure , affift our determination ; but not

without irregularity : For , as the pure fixed al
kali is faturated with aweight of acid leſs than its

own ; fo , on the other hand , the volatile alkali

requires the acid to be heavier than itſelf.

S LXIX. Mixed Neutral Salts .

Ir may happen , that the fame acid is partly
faturated with one alkali, partly with another ;
and yet nevertheless , theſe three are fo ftrongly

united by cryftallization , as to conftitute but

one peculiar falt. The falt of Seignette affords an
inftance of this fpecies of compofition ; the
cream of tartar likewife faturated with volatile
alkali . That the fame alkali may be combined
with two acids , the union of cream of tartar
with the acid of borax fufficiently demonftrates .
In the foffil kingdom , indeed , we find none of
thefe triple falts ; but they inform us what may
be done towards eſtabliſhing a general arrange
ment . The falt of Seignette , with the acid of

borax
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borax , produces a quadruple falt ; and it is not
unlikely,but that the induſtry of future ages wilk
diſcover combinations of five principles , and per
haps of ftill more ; the difpofition and order of
which may be determined by the character and
quantity ofthe feveral ingredients .

S LXX. Analogous Salts.

FOSSILS of the fecond and third clafs become
true faline fubftances , by combination with any
falt ; and in this condition they arebaniſhed from
their original claffes . Salts, fuch as thefe , are
called , analogous ; and according to the charac

ter of their baſes , are of two kinds , either earthly

- or metallic . Whatever imparts the faline na
ture ought to determine the genus .

EX

S LXXI . Other Combinations of Salts .

ALL earths almoft as well as metals are not
only taken up by acids , but feveral foffils befides,
of both claffes , are diffolved by alkaline falts ,
and fome even by neutral falts ; nay , it happens
occafionally , that two double falts will unite in

to one , and form a falt of four principles . From
fuch multiplied and various combinations pro
ceed , alkalis and acids charged with earths and
metals ; double neutral falts , or falts of more
principles , containing earths and metals ; double

earthy falts united with double metallic falts ,

Q2 which
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which, according as the faline matter is either
the fame or different in each, generate triple or
quadruple compounds .

S LXXII . Doubtful Genera ofSalts.

IN the clafs of falts it often happens , that
fome principles are never found in a ſingle and
independent ſtate , but united always with others .

Such are, for example , the nitrous , the muria
tic, and arfenical acid . It may be doubted ,
therefore , whether theſe fubftances are to be

confidered under their fimple genera . As, how
ever, it does not feem improbable , that they

were once free and uncombined , we are hardly

authorized to exclude them ; though it may be ,
at the ſame time , obſerved , that they have ne
veryetbeen found otherwiſe than in this ftate of
combination . At all events, the inveftigation
of fimple fubftances will throw light upon the
feveral compofitions .

S LXXIII . Genera of Earths .

SOME genera of earths have hitherto refifted
all attempts to reduce them into fimpler princi
ples ; while others , by a proper analyſis , have
diſcovered two or more . The former are called
primitive , the latter , derivative earths .

§. LXXIV .
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SLXXIV. Primitive Earths.

CRONSTEDT has eftabliſhed nine primitive

earths , but accurate experiments have fince
fhewn that the greater number of them were
compounded , fo that the account is reduced to

three only ; the calcareous , filiceous , and argilla
ceous. We have however to add new earths , with
which he was not acquainted , the terra ponde

rofa and magnefia . We reckon therefore five
primitive earths.

§ LXXV . Ofthe common Origin ofEarths .

ALTHOUGH the powers of chemiſtry have not
yet been able to decompoſe theſe five earths ,
the reduction of them all to one fpecies , or,
at leaft , to a ſmaller number than the prefent ,

may poffibly be the reward of future induſtry .
I acknowledge myſelf of this opinion , and I
think with fome foundation . Clay , for exam
ple , is nothing else than calcareous earth , fo
ftrictly combined with fome unknown acid , that
the ſeparation of them has hitherto been attempt

ed in vain . No one certainly could have fuf
pected the calcareous baſe in the lapis ponderofus
which has been demonftrated by analyfis . In
like manner , other fubftances may be inveftigat

ed. But until proper experiments ſhall have ful
ly developed the nature of fuch compofitions ,

Q3 they
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they muſt be , in refpect to our knowledge of
them , confidered as primitive fubftances : For it
is wholly inconfiftent with the caution and dif
fidence of natural philofophy to advance any
pofition upon a bare poffibility . Daily experi
ence fufficiently teaches , that thofe things

which at one time appear highly probable , may
at another be diſcovered to be entirely unfounded .

$ LXXVI . Reasons why the Terra Ponderofa
ought to be referred to a diftinct Genus .

•

THE ponderous earth , on account of its great
ſpecific gravity , is deferving o

f particular atten
tion , and leads us naturally to apprehend it to

be o
f

metallic origin . Other arguments alſo
fupport this hypothefis . It is admitted , with
the force of an axiom , that phlogiſticated alka

li precipitates metallic folutions only : But if
this alkali is dropped into a folution of acetated
ponderous earth , it is immediately diſturbed ,

and a white powder is precipitated ; which , on
examination , is found to conſiſt of that earth
vitriolated , from the vitriolic acid inherent in

the Pruffian blue . If the powder is feparated by
means o

f
a filtre , and a new portion o
f

acetated
ponderous earth added to the liquid , on expofing

it to the fire , the folution , though clear before ,

depofits another white powder , containing the

ponderous earth united with the phlogiſtic alka

. The refult is the fame if the ponderous
**

earth

1
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Pet

earth , faturated with the nitrous acid is treated
in a fimilar manner : Therefore it ſeems rather
to reſemble a metallic calx than an carth , by

thefe properties .
Among the metallic calces , that which ariſes

from lead correſponds with the ponderous earth
in its weight , its white colour , and peculiar at
traction for the vitriolic acid , by which that a
cid is torn away from alkaline falts ; but there

is notwithſtanding a remarkable difference be

tween them . Acetated lead is diſturbed wholly

in the cold by phlogiſticated alkali , and depofits
a fediment , which neither is foluble in water , nor
in the vitriolic acid ; but the acetated ponderous

earth yields its genuine precipitate by heat on
ly, and which is foluble both in the vitriolic a
cid and in boiling water . Befides, this earth
has hitherto refifted all efforts to reduce it to
a metallic ftate .

Therefore , although there may appear a con
fiderable affinity between the ponderous earth
and a metallic calx ; yet , as long as it is incapa
ble of reduction , its metallic nature is certainly

not fufficiently demonftrated , and it muft ftill
retain a place among the earths .

S LXXVII . Five Genera fhould be conftituted of
the five primitive Earths .

As we have enumerated already five primi

tive earths , they naturally become the heads of

Q4 five

1
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five diftinct genera . It is very rare , ifever, that
they are found in a fimple ftate, being either
combined with one or more of the other earths.

The moſt eaſy method , therefore ,would be tode
termine the genus of every fuch compofition ,

according to the heaviest principle ; but the

cafes before ſeparately ſtated , in § lxiii , are often
objections to this plan ."

S LXXVIII . Exceptions.

WERE this rule once admitted , we ſhould lofe

altogether the magnefian and argillaceous ge

nera ; for, in the compofitious hitherto examin
ed , into which thofe earths enter , the filiceous

has been always found to outweigh the others ,

although , from their character and properties ,

they had both the fuperiority . Common clay

contains above half it
s weight o
f

filiceous earth ,

fometimes above three fourths , and yet the ar
gillaceous qualities are fo diftinct , that theſe com
pofitions are unanimouſly denominated argilla

ceous . The fame richneſs and pre -eminence of
quality , with refpect to the filiceous earth , are

found in magneſia , and other fubftances .

All earthy compofitions , therefore , may be
determined by the genus o

f

that ingredient ,

which exceeds the others in weight , unleſs it be
filiceous , and not equal to ſeven -eights of the
whole . In fuch cafes , the genus ought to be

afcertained
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afcertained by whatever ingredient aproaches

neareft in weight to the filiceous .

S LXXIX . Compounded Earths are not unitedme
chanically only .

But perhaps , all earthy compofitions are no
thing elſe than many fubtle mechanical mix
tures ? At the very firft view indeed there feems
fome foundation for fuch an opinion ; but a
more minute inveſtigation furnifhes evidence of
a clofer union conftructed on other principles ,
The earth of alum immerfed in lime -water ,

and entering into fo ftrict a combination with

the lime as not to be feparable but by chemical
art , teaches us , that among primitive earthsmu
tual attraction has a real existence . Befides, as

almoſt all theſe mixtutes generally form cry
ftaline concretions , we have another proof , not
only of the minuteneſs of their particles , but of
an union perfectly homogeneous .

LXXX. Genera ofMetals.

IN the third clafs we are to conftitute asmany
genera , as we have known diſtinct metals.

§ LXXXI . Encreaſed within afew Years.

Ar the beginning of the prefent century ,
eleven
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eleven metals only were known ; butit had ſcarce
grown forty years older , before the diſcovery

was made of platina , a noble and ductile metal ,
and of three or four others, that were not mal
leable , as cobalt , niccolum , magneſium , and fi
derum , which laft has hitherto appeared to dif
fer from all the reft * . The fifth in molybde
na is not yet fufficiently explored , to determine
whether it ſhould be reckoned among thofe al
ready known , or conftitute a new fpecies ; and
to the fixth , in the acid of the lapis ponderofus ,
we may apply the fame obfervation . Of theſe
two, however , we are in hopes the character of
the firft will be foon difplayed by the induftry
ofMr Hielm . The genera ofmetals , therefore ,
of which we can be certain , amount to fixteen ,
or fifteen at leaft ; and it is not unlikely that
this number will be increaſed by future diſcove
ries .

§ LXXXII . Arrangement ofmixed Metals .

IN fection lxiii . we have a queſtion reſpecting
the genera of minerals containing two metals ,
the one of which is more valuable than the o
ther , but in lefs quantity . Examples of fuch
minerals we find in the golden pyrites , which

hold

* Meyer and Klaprothius have proved it to be iron joined
to the phoſphoric acid ; and our author , convinced by their

arguments, changed his opinion .
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hold a ſmall proportion of gold united with a
large proportion of iron ; among the galenæ,
that are far richer in lead than in filver ; among

the copper pyrites , always producing more iron
than copper ; and fo on of many others . Ac
cording to fyftematic rules , the more valuable
and ſcarcer metal , although it defray the ex
pence of eliquation , fhould yet be referred to
the genus of the more abundant , though of lefs
eftimation . But ifthe ufe and aim ofany fyftem
is confidered , there can be no doubt that the
preference ſhould be affigned to the metal of
the higheſt value . In fome degree , however ,
the determination of this point may be a mat
ter of indifference , provided no diftinct genus

is thereby deſtroyed ; a circumftance that would

probably affect the fiderite , in caſe it were de

cided in favour of fuperiority in weight , as that
metal has never yet been found feparate from

iron ores , to which it always bears the ſmalleſt
proportion ..

S LXXXIII . Genera of Phlogistic Bodies .

THE fourth clafs contains the fewest genera ,
fulphur, petroleum , amber , and perhaps dia
mond .

§ LXXXIV .
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SLXXXIV . Sulphur .

SULPHUR is an inftance of the moft fimple
compofition , confifting of two principles only,
acid faturated with phlogifton .

LXXXV . Petroleum .

In petroleum we diſcover an union more com,
plex ; a ſmall portion of water combined , by
means of an acid , with the principle of inflam
mability .

SLXXXVI. Amber .

THE origin of amber is evidently from the ve
getable kingdom , for , befides it

s peculiar acid

and oil . we obtain the acetous acid by diftilla
tion . The earthy refiduum may be confidered
as a matrix .

SLXXXVII . Diamond .

WITH regard to the diamond , I have hitherto
found no place fo proper for it as this claſs .

In a fufficient degree of fire , it is entirely con
fumed , and with an appearance of cloud or

flame ; and , in the focus of a burning lens it

difcovers figns of a footy matter .

§ LXXXVIII .
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S LXXXVIII . Pyrites and Molybdena do not con
ftitute peculiar Genera .

I HAVE referred pyrites , or fulphurated iron to
the genus of iron. In like manner , molybdena ,
which is nothing elſe than a metallic calx mi
neralized by fulphur , provided its genus were
known , ought to be aſcribed to the claſs ofme
tals . As to the foffil confidered by Cronstedt as

fixed phlogiſton , and which he calls brandertz ,

its compofition has not as yet been fufficiently

inveftigated .

SLXXXIX . Properlyspeaking, there is but one Ge

nus ofphlogistic Substances .

In the ftrictneſs of language , all the genera
of this claſs might be reduced to one , as the
fame principle of inflammability prevails in each
of them .

d

Sxc . First Appendix .

In the first appendix to the claffes , are treated
thofe foffils of various and mechanical combina

tion, and which for the moft part is obvious to
the fight .

$XCI.
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§ xc1 . Four Genera ofFoffils mixed mechanically .

ANSWERING this deſcription , we have four
genera only, which are denominated according
to the clafs of the moſt predominant ingredient
in their compofition .

XCII . First Genus .

THE firft genus in which the faline charac

ter prevails occurs fometimes in the neighbour

hood of volcanoes . In gypfum alfo other foffils
intimately mixed are occafionally found . The
fubftances likewife contained in natural waters'
may perhaps be referred to this genus . They

are indeed held by water in folution , but their

union is generally merely mechanical , of which
the fixed principles are collected in the refidua ,
after the evaporation of the liquor .

XCIII. Second Genus .

To the fecond genus we affign all thoſe foffils
in which the earthy principle abounds . Such
are thoſe placed by Cronstedt in his first appen

dix under the name of faxa . Under this ge
nus may be arranged feveral matrices ofmetals

as well as of inflammable ſubſtances ; for lithan
thrax ,

·
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thrax * , aluminous fchiftus , aluminous ore of

La Tolfa , and many others , contain fome extra
neous earthy matter , and in confiderable quan
tity .

}

XCIV . Third Genus .

In the third genus , the metallic nature is pre
dominant . It has been long obferved , that
fome metals affect a difpofition to affociate with
each other ; fo that if one is difcovered , it may
be properly conjectured that the other is not ve
ry far diftant . Relations fuch as theſe , as are ob
vious in this genus , are worthy attention and
enquiry , as they promiſe no fmall advantage to
the inhabitants ofmountainous countries .

;

§xcv. Fourth Genus.

IN the fourth genus we meet with various
mixtures of foffils , ofwhich this ruling principle
belongs to the laſt claſs.

XCVI . Diftinct and mixed Particles ofFoffils .

To this appendix likewiſe , the diſtinct and
mixed particles of foffils may conveniently be
referred , inferting them under their proper ge
nera , according to circumftances . Such , for

example
Pit coal .
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example are the marles , moſt of the common
clays , mixed fands , and ſeveral others .

§ xcvii . Four Genera of organic Fofils .

LASTLY, Organic foffils are divided into four

genera , as the diverfity of their nature fuggefts ,

whether they are found impregnated with and
compoſed of falts , earth , metals , or phlogiſton .

§ XCVIII. Fifth Genus ofCronstedt .

CRONSTEDT adds a fifth genus, and perhaps

with great propriety , in which are included all
the dead remains of once living fubftances ,

which , by gradual putrefaction , have loft their
original ſtructure , though they ftill retain fuch
ftrong marks of it as are not obliterated entirely
but by the lapfe of many years . To this genus
belongs the earth of deftroyed animals or vege
tables .

§ XCIX. Organic Bodies mineralized by Salts .

THIS operation muft vary according to the na
ture ofthe fubftance . Bodies immerfed in a falt
folution are fometimes penetrated by it, and in
durated . In this manner the entire bodies of
men , that had fallen by accident into the vitri
olated water of the mine ofFahlun were found

after
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after feveral years , fo little changed to the eye,

that the individual could be remembered by

his countenance : In other refpects however they
were rigid like a ftatue , formed of faline mat
ter. When expoſed to the free air they began
to crack. By a fimilar proceſs , no doubt , even
fofter fubftances may be fo hardened , as to pre
ſerve their ſtructure a long time , exempt from
putrefaction .

c. Bodies impregnated with Bitumen .

In like manner organic bodies, impregnated
with bituminous matter are enabled to preferve

themſelves from decay , and retain their figure

and ftructure .

§ ci . Petrifaction oforganic Bodies .

NEITHER the bodies of animals nor of vegeta

bles can be wholly penetrated by ftony particles .
The harder parts only , as the bones , ſhells , ex
ternal covering , roots, woods , fruit , and fimilar
fubftances , are liable to this change ; which , if I
miftake not , proceeds in the following manner :
At first , the parts of fofteft texture putrefy , and
leaving feveral empty spaces , through which
water loaded with earthy particles paffes , and
in its courſe depofiting them , the vacuities are
at length filled by their gradual accumulation .
Then follows the deftruction of the more firm

confiftence , to be penetrated in the fame order .

1

R If

#
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If the later depofitions differ in their colour and
properties from thoſe of an earlier date , yet the
original organic ftructure is beautifully diſplayed

by ſmooth and poliſhed ſections of the different
bodies . All the particles , however , of the bo
dies fo deftroyed are not always carried off; for
it often happens in diftillation , that ſuch are ex
pelled as fhew figns of an organic conftruction .

CII. Organic Bodies penetrated with metallic
Particles .

THE moſt ſubtle metallic molecules , that can
poffibly be carried along by water , may in the
fame manner penetrate and change the harder
organic parts .

S CIL . Nuclei.

FROM the ſubſtances already defcribed , nu
clei have , with great propriety , been confider
ed as quite diſtinct . They are produced by two
different proceffes . Any body poffeffing a ſhell
or firmer covering , and depofited in a ſoft ſtra
tum , is gradually attacked in its fleshy parts
and foft inteftines , which are either wholly de
ftroyed , or contracted by exficcation ; ſo that
room being made in this manner for the parti

cles flowing in , the ſhell is at length filled with
a nucleus , bearing the marks of its internal fur
face . If a body is involved in fediment , and
after the exficcation of the ftratum is any way

deftroyed
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CIV. Remaining Impreffions of organic Bodies .

3 IN any foft fubftance , impreffions are left by
cockles , fnails , infects , fishes , and other ſmall a
nimals of the firmer kind , either of their exter

nal furface , their bones, or ſkeletons .

Y

2

Beftroyed or carried off, a nucleus will be form
ed in the cavity , defcribing its external fea
tures .

7

cv. Ofteocolla .

In particular foils , living roots are by degrees
covered with ſo hard a cruft , as to prevent the
abforption of the neceffary juices . When a ve
getable attracts moiſture every where in the
neighbourhood of its root , the fubtile , calcare
ous , argillaceous , filiceous , and even ochreous

molecules , that accompany it, produce this ef
fect . The fluid in which they were borne being

abſorbed by the roots , they fix themſelves on

the furface , and there forming a covering imper

vious to water , the roots decay , putrefy , and
leave this cruft , which is commonly called ofte
colla .

§ cvI . Incruftated organic Bodies .

WATERS loaded with earthy particles fre
quently cover with a cruft , reeds , fmall bran

R 2 ches,
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ches , and other fubftances immerſed in them ,

without any alteration of their original form .

OF THE DIFFERENT SPECIES .

§ CVII . Specific Characters of Salts .

SPECIFIC characters are to be determined by

the difference in the nature of thoſe fimple falts ,

which art has not been able to compofe from

their principles . Of thefe , two diftinct genera
only are known ; the acid and the alkali alrea
dy mentioned .

§ CVIII. Species of Acids .

THE genus of acids is very extenfive . The
vitriolic, nitrous , and muriatic , have been ex
tracted from foffils for many ages paft ; but the
diſcovery of others differing evidently from theſe
has been made within amuch later period . The
acid of fluor , borax , arfenic , fiderite , molybde

na , and lapis ponderofus , are of this deſcrip
tion *.

§ CIX. Vegetable Acids,

We have the profpect as yet of amore exten
five field in the acids of the vegetable kingdom .

Befides ,

For metallic acids, fee Effays , v. i .
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Befides the acetous , which was the only one
formerly known , it has produced to us already
the acids of fugar , forrel , tartar , benzoin , citron ,
amber , and ſeveral others .

cx. Animal Acids .

THE animal kingdom is the pooreft of the
three ; for except the acid of ants , and of fat,

we know of none other proper to it , although ,
without doubt , it contains many highly defery
of notice . As for example , the acid which

the larva phalænæ vinulæ of Linnaeus throws
out in its defence , clear as water , and colour
lefs , which reſembles the concentrated acetous

acid in ſmell and tafte , coagulates blood , and
thickens ſpirit of wine ; reddens blue paper for
a fhort time ; but the original colour returning

afterwards , affords proof of its great volatility * .

The ſcarcity o
f

this very fingular liquor has per

haps delayed fo long its further inveſtigation .

S CXI . Acids common to feveral Kingdoms of
Nature .

OTHER acids are common to all the kingdoms

o
f

nature , a
s the phosphoric , which had been

falfely affigned to the animal kingdom alone ;

but which has been found , though rarely , in the
foffilt , and in great plenty in the vegetable

R 3 kingdom .

* Oeuvres de M. Bonnet , v . iii . 8vo , p . 28 .

Effays , vol . ii . page 426 .
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kingdom . Under this head we may arrange
the aerial acid .

S CXII . Great Number of Acids.

If we confider , that probably the exiſtence
of all metals depend upon their peculiar radical
acids ; that vegetables evidently contain a num
ber of unknown acids ; and that , perhaps , the
fame may be faid of animals alfo ; we have rea
fon to wonder at the abundance and variety of
this fubftance , and to fet a high value on its u
tility and importance in the economy ofna
ture ..

SCXIII . Species of Alkaline Salts .

THE extent of the other genus is confined
within very narrow limits . For a long time

polllyou three ſpecies only of alkaline falts were known ;
two of which could bear a flight ignition , and
were therefore denominated fixed ; while the

other was diſtinguiſhed by its volatility.

S CXIV . Fixed Alkalies .

Or the fixed alkalies the one ſeems to prevail
in the vegetable , and the other in the mineral
kingdom ; from which they both derive their
names .

§ CXV .
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Scxv. Neutral Salts .

'SALTS formed by the exact faturation ofacids
with alkalies amount to fixty double fpecies , on
the ſuppoſition that the acids do not exceed
twenty in number . A confiderable part , how
ever , of the combinations of theſe are as yet un
known , or at leaft but imperfectly examined .

S CXVI . Imperfect double Salts .

MANY imperfect double falts have been dif
covered . The acids of vitriol, arfenic , tartar ,

and forrel unite in exceſs with the vegetable al
kali ; and the acids of vitriol and tartar with the
mineral alkali . The labours of poſterity will
probably add a greater number . Borax retains

an exceſs of alkali ; and the arfenicated miner

al alkali likewiſe is capable of a fimilar combin
ation.

S CXVII . Triple Salts .

THE falt of Seignette , and tartar ſaturated
with volatile alkali , furniſh examples ofthe neu
tral triple falts .

R4 §.CXVIII .
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S CXVIII . Imperfect Triple Salts .

AMONG the triple imperfect falts , we know of
the union of tartar with the acid of borax .
Here is an excefs ofacid .

S CXIX. Quadruple Salts .

TARTAR and borax combined , are an in
ftance ofthe quadruple falts .

S cxx. Species of analogical Salts.

EARTHS and metals , although fingly they re
fufe every combination with water , yet by the

admixture of a falt they become for the moſt
part foluble , and are then called analogical
falts .

S CXXI . Species of double perfect earthy Salts .

FOUR primitive earths uniting with twentya
cids, produce eighty double perfect earthy falts ;

that is falts compleatly faturated . The fifth
earth , the filiceous , is foluble in the fluor acid
only.

4 CXXII .
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S CXXII . Double imperfect earthy Salts .

Of all the double imperfect earthy falts , with
an exceſs of acid , the falt of alum is the moſt
confpicuous .

S CXXIII . Triple earthy Salts .

THE principle triple compounds , are the vo
latile alkali , either vitriolated or muriated , and
magnefia , with which even nitrated lime readi
ly unites .-Vitriolated magnefia combines with
clay ; and both the vegetable and mineral alka
li faturated with the acid of fluor , admit anuni
on with filiceous earth .

S CXXIV . Earthy alkaline Salts .

FIXED cauftic alkalis , I know for certain af
fect no other earths than the argillaceous and
filiceous . No triple alkaline falts have as yet
been diſcovered .

"

§ cxxv . Species ofmetallic falts .

ANALOGICAL metallic falts are by far the
moft numerous . From a combination of the
fixteen metals with the twenty acids , we ob
main three hundred and twenty double falts ;

but
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but which can be ſcarcely fo perfectly ſaturated ,
as that there fhould not be fome ſmall exceſs of
acid .

§ CXXVI . Metallic Salts , with an Excess ofthe
metallic Bafe.

THERE are fome inftances alfo of the union

ofmetals and acids , highly deferving of notice ,

in which the exceſs is on the part of the metal .
To this head we refer the turpith mineral , and ·
red precipitate of Mercury , which though ever
fo well waſhed , yield a fmall quantity of a
cid on diftillation . The fame remark applies

equally well to the pulvis algarothi . Mercurius
dulcis retains it

s

metal partly calcined and part

ly perfect * ; and nitrated filver , in like manner
can take up a portion o

f

filver , without dephlo

gifticating it . Muriated copper , deficient in its

acid , conftitutes a peculiar falt hitherto undif
cribed .

+

f CXXVII . Triple metallic Salts .

We have long been acquainted with a con
fiderable number o

f

metallic triple falts , that
are not feparable but by decompofition . Of
this defcription are the combinations of tartar
with iron and antimony ; of the vitriolated ve

getable

Scheele in Actis Stockh ,
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getable alkali with iron ; of the muriated vegeta

ble alkali with platinum ; of the vitriolated vo
latile alkali with copper ; of the muriated vola
tile alkali with platinum , quickfilver , copper,
and iron ; of vitriolated and acetated quickfilver

with iron ; of vitriolated iron with magnefjum ,

with copper , and with zinc .

S CXXVIII . Quadruple metallic Salts .

THE quadruple metallic falts are formed by
the union of fal ammoniac with nitrated iron ,
with nitrated copper , and with boracic quick
filver ; of the vitriol of iron , likewiſe , with the
vitriols of copper and zinc together .

2

CXXIX. Alkaline metallic Salts .

MOST of the alkalis alfo combine readily with
metals, eſpecially the volatile alkali ; which

fometimes forms beautiful cryſtals , with a me
tallic baſe , as with filver and copper . The nu
merous family of theſe falts are deferving of
much greater attention than has ever yet been
paid to them .

§ cxxx. Synopfis of Salts .

FROM what has been faid , I am of opinion
there can be no doubt of the extenfive influence

and
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and variety of the claſs of falts , in which we
have here confidered all thofe prepared by art ,
as well as thoſe produced by nature . In fa
vour of the halurgic fyftem , I fhall fubjoin a
table , preſenting at one view all the chief varie

ties, with which I am acquainted . A greater
'number of proper experiments would certainly
add many more to the account .

Properly

fo called

Ana
logic

earthy

metallic

SALTS .

Simple

Double

Triple

{

with anacid

Acid
Alkali .

Quadruple {

Neutral
Imperfect .{

{S Neutral
Imperfect .

Neutral

2 Imperfect .

double ? Perfect
withan acid triple Imperfect

withan alkali double

double

triple

quadruple

with an alkali double

Imperf. with
excefs of acid

Imperf. by
defect of acid.

§ cxxxi .
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çxxxi . Species ofEarths ofa double Character .

In the claſs of earths different fpecies frequent
ly occur , poffefling two characters . To the firſt
belong the faline earths ; which , on account of
the limits before affigned to them , are not rec
koned in the clafs of falts , although they reſem
ble them in their nature , and conftitute but an
imperfect fpecies of earths . Of theſe ſubſtances ,
however , a few only are known , § 51 .

§ cxxxII . Mixed Species ofEarths.

GENUINE fpecies of mixed earths are produ
ced by the intimate union of two or more . Of
the exiſtence of fuch an union we have clear e
vidence , in § 90 .

CXXXIII . On what Arguments their Diverfity is

founded.

Not the quality and number only of the in
gredients , but even their relative weights im
ply a ſpecific diverſity .

§ cxxxiv . The Neceffity ofconfidering the Propor$

tion of every Part .

In the Sciagraphia Regni Mineralis , lately
publiſhed
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publiſhed , I have overlooked the mutual pro
portions ; but, on further reflection , I find the
confideration of them abfolutely neceffary .

§ cxxxv . Method of inveſtigating the ſeveral Spe
cies ofEarths.

In order to determine with accuracy the fpe
cies of earths , which hitherto ſeem to have reſt
ed on no very certain foundation , it will be re
quifite to explain carefully this doctrine . Let

the five primitive earths be indicated by five
initial letters , the ponderous by p , calcareous by

c, magneſian by m, argillaceous by a, and fili
ceous by s.

§ CXXXVI . Continuation.

Ar firſt we will attend to the character only
and number of principles ; and , by means of the
doctrine of combinations , it will be eaſy to aſ
certain how many ſpecific confociations can ariſe
from theſe five letters .

For example , p , c , m , a , and s, can produce no
more than ten double ſpecies

pc, pm, pa, ps,
cm , ca, CS ,

ma, ms,
as.

Of
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Of triple ſpecies we have as follows :
pcm, pca, pcs , pma, pms, pas,

cma , cms , cas ,

mas .

Quadruple :--
pcma , pcms , pcas , pmas

Laſtly , One quintuple only :
pcmas .

In this manner , from the whole clafs of

earths , befides the five fimple fpecies , contain
ing the primitives alone , we can obtain but

twenty-fix different combinations ; which , toge

ther with the five fimple , amount in all to thirty
⚫ne.

CXXXVII . Why this Method is imperfect .

In this plan , however , the number of the ſpe
cies is too much limited , and our conclufions

liable to error . It will eafily appear that pa , for
example , muſt be ſeparated ; for the character

of the mafs , with an excefs of ponderous earth ,
will be by nomeans the fame as with an excefs
of clay. In like manner pac fhould be referred
to three diſtinct genera, according as the first,

the ſecond , or the third principle bear the great

aft fhare in the compofition , ($ 78. ) . The fame ,
indeed
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indeed , will be obſerved in whatever formula is
employed . Therefore it is neceffary , together
with the number of the principles , to confider
the weight of each .

✔ CXXXVIII. In what Manner can this De
fect be fupplied or corrected .

THAT theymay be all fymbolically defigned ,
and rendered obvious to the fenfes , a certain lo
cal value muſt be affigned to every letter ; ſo
that whatever principle occurs firſt in combina
tion , that ſhould be underſtood to be the heavi
eft of the whole mafs : Every intermediate prin
ciple will yield to the preceding one , but ex
ceed thoſe that follow it , and the laſt ofall will
be of the leaſt importance ,

§ CXXXIX . Enumeration of double Species .

ACCORDING to this fyftem then we ſhall have
twenty double ſpecies :

pc, pm, pa, ps.
ср , cm, ca, Cs.

mp, mc, ma, ms.

ap , ac, am ,

Sp, sc, sm,

as .

fa .

$ GXL.
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E
$ CXL . Enumeration of triple Species .

EACH of the five letters in forming triple.
compofitions , may be arranged in twelve dif
ferent ways . Five multiplied by twelve , there
fore produce fixty fpecies as follows :

pcm , pca, pcf, pma, pmſ, pmc , paſ, pac , pam ,
pfc, pfm , pfa.

cpm , cpa , cpf, cmp, cma , cmf, cap, cam , caf,
cfp , cfm , cfa.

mpc, mpa , mpf, mcp, mca , mcf, map , mac , mas,
mfp, mfc , mfa.

арс , арт , арг, acp , acm , acf , amp , amc , amf ,
afp, afc, afm .

Spc, fpm, fpa , Scp, fcm, fca , fmp, fmc , fma,
fap, fac, fam.

§ CXLI. Quadruple Species .

As the double fpecies amount to twenty ; and
thefe , with the remaining three letters can be
combined in fix different ways , in the quadru
ple ſpecies, it will be eafily feen , that fix times
twenty , or one hundred and twenty, will ex
prefs the amount of this divifion .

S pcma ,
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pema , pcam, pemf, pcfm , pcfa , pcaf, pmac,

pmca , pmaf, pmfa , pmcf, pmfc , pacm , pamc ,
pacf, pafc, pamf, paſm , pfcm, pfmc , pfac ,
pfca , pfam , pfma.:

cpma, cpam , cpmf, cpfin, cpaf, cpfa, cmpa ,
cmap , cmpf, cmfp , cmaf, cmfa , capm , camp ,

capf, cafp, cams, cafm , cfpm, cfmp , cfpa,

cfap, cfma , cfam.

mpca , mpac, mpaſ, mpſa, mpcf, mpfc mcpa ,

mcap , mcpf, mcfp , mcaf, mcfa , macp, mapc ,

macf, mafc, wapf, wasp , mfcp, mfpc, mfap ,
mfpa, mfac, mfca.

apcm , apmc , apmf, apfm , apcſ, apſe, acpm,
acmp, acmf, acfm , acpf, acfp , ampc, amcp ,
ampf, amfp, amcf, amfe , afpc, afcp, afpm,
afmp, afcm, afmc.

1

Spem , fpmc, Spam , Spma , fpca, Spac , fcpm,

femp, fcam, fema , fepa, fcap, fmca , Jmac ,
fmpa, fmap , fmcp, Smpc , Sape , Sacp , facm,
Jamc, famp , fapm .

§ CXLII. Quintuple Species .

THE triple fpecies being fixty in number ,
($ 140 .) and each of theſe admitting of two
changes only with the other two letters , it fol

lows
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lows , that, under this head , we may reckon one
hundred and twenty fpecies .

}

pcmaf, pcmfa, pcams, pcafm , pcfam, pcfma ,

pmcfa , pmcaf, pmafc , pmacf, pmfca, pmfac ,

pamfc , pamcf, pafmc , pafcm , pacfm , pacmf,

pfema , pfcam, pfmca, pfmac, pfamc , pfacm;

cpmaf, cpmfa, cpafm , cpamf, cpfam , cpfma ,

empaf, cmpfa , cmapf, cmafp , cmfpa , cmfap ,

camfp , campf, capmf, capfm , cafpm , cafmp ,

cfmpa , cfmap , cfpma , cfpam , cfapm , cfamp :

mpcfa , mpcaf, mpacf, mpafc , mpfca , mpfac ,

mcpaf, mcpfa, mcapf, mcafp , mcfpa , mcfap ,

mapcf, mapfc , macpf, macfp , mafcp , mafpc ,

mfpca , mfpac, mfcap , mfcpa , mfacp , mfapc ,

apcmf, apcfm , apmcf, apmfc , apfem , apfme ,

acpmf, acpfm , acmpf, acmfp , acſpm , acſmp ,

ampcf , ampfc , amcpf, amcfp , amfpc , amfcp ,

afpem, afpmc , afcpm , afcmp , afmpc , afmcp ,

Spema, fpcam, fpmca , fpmac , Spacm , Spame;

fcpma , fcpam , fcmpa , fcmap , fcamp , fcapm ,
Smpca , fmpac , fmcpa , fmcap , fmacp , Smapc ,

fapcm , fapmc, facpm , facmp , fampe , famcp .
$ 2 CXLIII
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§ CXLIII . Amount of the Species .

If the primitive earths are five in number,
then the preceding paragraphs exhibit the
formulæ ofall thofe fpecies that can poffibly a
rife from their various combination ; and to
which, adding the five fimple earths , we fhall
find the amount to be thus , 5+20+60+ 120
+ 120=325, the amount of the whole .

CXLIV . Further Explanation of the Formula.

I HAVE fo Contrived thefe formulæ as to make
it evident to what genus every combination is to
be referred . The first letter determines the
character of that genus , s only excepted ; as,
though it exceeds in weight , yet its other qua
lities do not always prevail , ( § 89. )

If at any time the number of the primitive
earths is diminiſhed , whether by decompofing
them into others more fimple , o

r by difcovering
them to be o

f
a metallic nature , yet the fame

formulæ may be preferved after makingthe ne
ceffary correction .

-

For example , Suppoſe p were referred to the
third clafs , the quintuple formulæ , ( § 142. )

would then become quadruple , that feries being
deſtroyed entirely where p begins , and from all
the others would it be taken away . In this cafe ,

We
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we loſe the whole of the firft genus , and the
fame formulæ are repeated four times in each of

the remaining genera, and conſtitute one ſpecies
only ; fo that 6 fpecies is of each genus and
4× 6=24 the number of all the quadruple fpe
cies .

Let us take another example , and remove al
together a , the formule of that genus are imme
diately annihilated , and the eighteen in the
three other genera are reduced to 2 × 3=6.
In the fame manner , that the corrections are
made in the formula of the laft order , can they
be applied to thofe preceding . For it is evident
that in reducing quadruple to triple fpecies , it
is impoffible when pis deftroyed , that the re
maining feries fhould be quadruple , and are
therefore to be removed entirely .
Let n repreſent the number ofprimitive earths ,

and the number of the double fpecies be expref
fed by n. n.-I. of triple fpecies by n. n- 1 .
n-2, of quadruple fpecies by n. n— 1 . n— 2 .
n- 3 , and that of the laft order by n . n- 1.
n-2.-n- n- 2.

CXLV . Species of Metals.

HAVING determined thefe points , we now
proceed to the third claſs , in which , on account
of the greater number of genera , we fhall find
the fpecies also to be far more numerous .

S3 Metals
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Metals occur generally either complete , mi
neralized , or deprived of their phlogiſton .

$ CXLVI. Native Metals.

WHATEVER poffeffes a complete metallic form,
is denominated native .

Into this ftate no heterogeneous fubftances are
admitted , unless they are perfectly metallic .

Hence arife various fpecies ;-the metal native
and fimple -combined with fome other ;-or
with feveral together . Native fimple metals

are very rare, and , as far as I know , have
never yet been difcovered perfectly pure .
Moft metals are occafionally found native , as
gold , platinum , filver , quick - filver , copper ,

bismuth , niccolum , arfenic , cobalt , and anti
mony ; but fcarce any one of them occurs quite
pure . Gold is mixed with filver or copper ; fil
ver with gold or copper ; platinum with iron ;
niccolum and cobalt with arfenic aswell as iron ;
antimony with iron or zinc ; and further expe
riments will without doubt difcover other com
binations .

The exiſtence of native lead , iron tin , and
zinc has been always much queſtioned by ma
ny. .CT
Magnefium and fiderite have never yet been
found in a native ſtate .

§ CVLVIL
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§ CXLVII . Mineralifed Metals .

A MINERALISED metal appears to me to be
ametal intimately united with fome foreign fub
ftance that deftroys more or lefs the genuine
metallic form .

*A
CXLVIII . Mineralifing Subftances

SUCH are fulpher and acids .

CXLIX . Metals mineralifed by Sulphur .

SULPHUR can be directly united with all the

metals , except gold , platinum , and zinc ; and
thefe mineralifations are found in the bowels of

the earth . Sulphurated tin alfo occurs in Si
beria *.

Some mineralizations are affected , both as to

character and appearance , according to the
quantity offulphur . Tin, combined with twen
ty hundred parts of fulphur, forms a minerali
fation , white and fibrous ; but, with twice that
proportion , the compound is micaceous , and of
the colour of gold .
Sulphur acting on perfect metals ſeparates a
p̀ortion of their phlogifton ; and is even capable
of uniting with many calcès likewife .

S
!

* Effays , vol . iii . p . 158 .
4 The
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The combination of gold with fulphur, by the
intermedium of iron ; is not yet made fufficient
ly evident ; for that which is found in pyrites
feems to be rather mixed than diffolved ; as in a

folution of pyrites , in the nitrous acid , the
gold is depofited in molecules , not in powder ,
but differing from each other both in fize and fi
gure *.

:

As to zinc , that metal appears in the pfeudo
galena to be joined † with fulphur by means of
iron .

§ CL.Mineralifing Acids.

OF mineralifing acids there are ſeveral , as the
vitriolic , muriatic , phofphoric , aerial , and pro
bably the arfenical .

§ CLI. Vitriols .

VITRIOLS of copper , iron , and zinc , are the
fpontaneous productions of nature . Combina

tions of the fame acid with lead , niccolum , and
cobalt , are likewife fometimes found ; and they

feem generally to be the refult of decompofed
mineraliſations ,

Effays , vol. ii. p . 412.
Ibid. p . 329, and 336 .

§ CLII .
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CLII . Metals mineralifed by the Muriatic Acid.

THE muriatic acid is more rarely found unit
ed with metals . As yet it has not been difco
vered in any other than filver , quickfilver , and
copper . The two firft contain with it the vitri
olic acid likewife * .

CLIII. Metals mineralifed by the Aerial Acid.

THE aerial acid is often prefent in calciform
metals . We meet with it in lead , copper , iron ,
and zinc . Of its connexion with other metals
we have no certain intelligence .

CLIV . Metals mineralifed by thePhosphoric Acid .

Of all the acids , that of phofphorus is the
fcarceft , and has hitherto been found with a
fpataceous kind of lead only.

§ CLV . Metals mineralifed by the Arfenical Acid.

THE arfenical acid , if I miſtake not , is the
true menftruum of the red cobalt , that is fome
times beautifully cryftallifed . It is certain , that
a red colour is owing to an acid , and that , from
all the experiments as yet made , no other has
been diſcovered .

§ CLVI.
Woulfe, Philof . Tranf .
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CLVI. The different Species of Metals admit of
almoſt numberless Variations .

31 .

}

10

WHOEVER Gonfiders , that we are acquainted

already with fixteen metals , and that of theſe
the greater number of the perfect can be in fe- :
veral ways combined together , as well as thofe
mineraliſed by fulphur and various acids , will
naturally expect that , by means of accurate ana
lyfes , many more fpecies might be diſcovered ,

which have as yet probably eſcaped the re
fearches of the laborious philofopher . Were we
to purfue the plan applied to the earths , ( cxliii .)
the number would be really aftonifhing ; but I
am almoſt of Pliny's opinion , who fomewhere
confeffes: Mihi contuenti fefe perfuafit re
" rum natura nihil incredibile exiftimare de ea ."
Formulæ , indeed , point out to us what may be
done ; butwhether , and where , they are employ
ed , must be learned from a faithful analyſis ;
which affifts us , befides , better to underſtand
thofe of them that prefcribe the true limits to
our inveſtigations .

}

#

fa Mindham atMATY I
CLVII . Spiecies of Phlogistic Substances .201Vi

?

dr ..

THE fourth clafs is exceedingly poor both in
genera and fpecies. !!{~

§ CLVIII:
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CLVIII . Species of the Diamond .

WE are acquainted with many differences of
the diamond , but with none that are ſpecific .

CLIX. Species of Sulphur .

THE fpecies of fulphur are diftinguiſhed by
the diverfity of their acids , and we know of two
only ; the common formed by the vitriolic acid,
and plumbago , containing the aerial acid fatura

ted with phlogifton .

S CLX . Species ofPetroleum ,

į
THE varieties of petroleum , in colour and te
nuity , depend for the moſt part on the degree

of exficcation , and on the matrix or heteroge

neous fubftances mechanically mixed with it; fo
that they can be confidered but ſeldom as fpe
cific . Exficcation produces a maſs thick and
tough , or folid and dry.

S CLXI . Amber .

THE fame obfervations nearly will apply to

amber . In refpect of tranfparency and colour ,
we meet with many varieties in the European
fpecies .

The
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The Indian ſpecies agrees in all thing with
the European , except its being fofter , and want
ing the volatile falt *, which laft circumftance
feems to eſtabliſh a ſpecific difference . Copal ,

commonly fo called , is to be diſtinguiſhed from

the gum refin of that name fold by the apothe
caries .

$ CLXII . Origin of Phlogistic Subftances .

DIFFERENT opinions are maintained by phi
lofophers , refpecting the origin of phlogiſtic fub
ftances . Some contend , that theſe bodies are

proper to the foflil kingdom ; while others , pro
bably with more reafon , afcribe them to thoſe
organic fubftances which abound in various oi
ly and fat juices , and are not fo much affected
by time , as they are gradually changed in the
bowels of the earth by neighbouring pyrites and
other foffils , until they acquire a bituminous
quality , Heterogeneous fubftances encloſed
within them are evident proofs of original flui
dity . The different degrees of purity of naptha ,
coagulation performed by time , acids , or other
media , and various circumftances befides in the
great laboratory of nature , all influence the den
fity , colour , clearnefs and other properties .
As to ambergrife , Aublet infifts , that it is the
juice of a tree growing in Guiana , and there

called

Lehman , Chem . Schrift .
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called Cuina . He fays, that after heavy rains ,
large maffes of it are waſhed into the rivers .
The fpecimens examined by Roffelle are faid to

reſemble ambergrife in their odor and prin
ciple qualities *. Long ago , Rumphus makes
mention of a tree called nanarius , containing a
juice fimilar to ambergrife . Lately , however , in
England an opinion has obtained , that this fub
ftance is theexcrement of a cetaceous fish . Ob
fervations made on the phyfeter macrocepha

lus ,(the fpermaceti whale ) have given riſe to this
Idea, as the excrement in the inteſtines of that

animal , is found on diffection perfectly harden
ed, and containing the beak of the repia octo
podia , on which it feeds , and in every reſpect
reſembling the ambergrife of commerce .

S CLXIII . Species ofFofils mixedmechanically .

Or foffils mechanically mixed , that fall un
der confideration in the firft appendix , we have
conftituted four genera only, (§ 91. ) their fpecies,
however , are numerous .

§ CLXIV. The feveral Species expreſſed by the
Formula of Letters .

LET S denote falt , t earth , m metals , and i
phlogiſtic fubftances ; and let the fame local

value

* Hift. des plantes de la Guyane , 1774.
1
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value be affigned to thefe letters as in the fore
going examples , (§ 138. ) and we fhall obtain the
following double fpecies ..

st, sm, si.

ts, tm, ti,
ms, mt, mi.

is, it, im.

Triple ſpecies .

stm, sti, smt, sit , smi , sim ,

tsm , tsi, tms , tis , tmi, tim ,

mst, msi, mts , mis , mti, mit,

ism, ist, ims, its , itm, imt .

Quadruple fpecies.

stmi, stim, smti, smit , sitm, simt,

tsmi, tsim, tmsi, tmis, tims , tism,
msti, msit, mtis , mtsi , mits , mist ,

istm, ismt, itsm , itms , imst, imts.

S CLXV . Continuation .

WE are , however , not rafhly to conclude that
all the fpecies are exhaufted in theſe formula ;
for every letter may be varied in many ways,
according to the diverfity of the ſeveral ſpecies .
For example , t can be multiplied more than
325 times, ( 131 , 143 ) . I, indeed , prefents

but
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1

but few variations , and s likewife ; as the num
ber of the falts proper for thefe mixtures , is ex
ceedingly limited ; but t furpaffes even m ,

( 156) ; fo that we have here another occafion
of admiring the exhauſtible ſtories of nature .

SCLXVI . The Pofition and fituation of mixed
Fofils .

It is bynomeans to be expected ; that every
fpecies of thefe mixed foffils , which to me appear

to be petra, fhould be equal to the production

of huge mountains . The greateft number of
them have hitherto been found in veins or ſmall

ftrata only ; many ofwhich , though of different

characters, when combined , give birth to rocks .

The fame may be faid of the feparate particles ,

which, in the aggregate , form large and conti
nued ridges of hills . But theſe almoſt always

fpring from the ruins and decompofitions of
mountains .

SCLXVII . Species oforganic Fofils .
1911 ***

ORGANIC foffils conftitute four genera , ($97 .) ;

but the feveral fpecies of fofils , whether poffeff
ing an organic form only, or with it an organic

ftructure , are diftinguished by fpecific marks .

§ CLXVIIL

1
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S CLXVIII . Species of organic Fofils mineralif
ed by Salts .
1

ORGANIC foffils , penetrated with faline mat
ter , are but feldom found . Gypfum , indeed ,

fometimes contains the lefs periſhable remains

of animals and vegetables ; but theſe fubftances
are ſcarce ever found quite gypfecus . Entire
animals are occafionaly to be met , filled with vi
triol , ($ 99.) and ſtill oftener the harder parts of
vegetables , or their roots , feem to reſiſt putrifac

tion by the means of this falt .

CLXIX. Earths.

THE fecond genus , comprehending earthy

foffils , is by far the richest . Innumerable cal
careous nuclei of fhell fish and marine infects
daily occur in calcareous ftrata . Sometimes , an
animal covering , or fhell, which was before cal
careous, being changed in its internal texture
only, become ſpataceous .
Argillaceous nuclei ofmarine animals are com
món in aluminous fchiftus , but very rare in any

other bed . Frequently the covering of the a
nimalcule ftill remains .

Marine exuvia are obvious in marle alfo . If
lime predominates , often the ſkeletons alone of
the fiſh are ſeen . Of Ofteocolla we have alrea
dy ſpoken fufficiently , § 105 .

Siliceous
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Siliceous nuclei frequently fill entirely the in
ternal cavity of organic foffils , and fometimes
even the fame matter furrounds their external

furface . I am in poffeffion of an echnites , the
fhell ofwhich is filled with common flint , and
fhews upon the furface of the nucleus all its na

tural inequalities ; the fhell itſelf, however is
calcareous and fpataceous, although it was im
beded in filiceous earth on both fides . Small

fhells occur fometimes in jafper , but very rarely *,

and are not more frequent in petrofilex .
Organic bodies , themſelves . alfo are found

penetrated with filiceous matter . Siliceous pe
trefactions of the trunks of trees are often dif
tinctly marked with the growth of every year .
Siliceous muſcles and cockles alfo frequently

occur , and ſmall corals even are fometimes clear
ly to be diſtinguiſhed in common flints .
I have feen the marks of leaves accurately
expreffèd in quartz , and the epitomium of Blan
kenburg is often quartofe .
Nuclei of fand are fometimes to be met with ;
but the figure of their ſurface is generally fo ob
fcure , that it is very difficult to determine from
what organic body they were produced .
In the fand pit at Maeftricht was found not
long ago the ſkeleton of a crocodile , fome teeth
ofwhich were ſent to me.

T
Ferber in Epift . de Italia .

§ CLXX .
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S CLXX . Species of organic Foffils impregnated
with metallic Particles .

VERY few metals affume an organic form .
The calx of iron , but flightly cohering , or con
creted like a ſtone , penetrates roots , wood , and
even whole trees , preferving ftill the fibrous
texture , which may fometimes be ſcraped with
the nail.
Pyrotaceous iron , indeed , now and then forms

nuclei ; but it commonly adorns the organic
ftructure with lines or little fpots , and feldom
occupies it entirely .
Copper , in the form of a calx is fuppofed fre
quently to enter into bones and teeth , giving

them a blue colour , efpecially after they are
calcined . This colour , however , is often ow
ing to iron.
Pyritaceous copper alfo reſembles the anomia

in the magnet of Iarlſberg in Norway , and fishes
in feveral places .
Spots of native gold or filver are fometimes
feen on the furface of foffil fhells .

The grey ore of filver at Frankenthal in Heffe
is found in the form of ears of corn , and com
monly called kobrn -ahren ; and under the ap
pearance of leaves and ftalks of fome granife

rous vegetable .

Cinnabarine fhells are exceedingly rare . I
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I have in my poffeffion fome pfeudogalena of
a blackiſh yellow, united to millepores .

CLXXI . Species of Phlogisticated organic Foffils .

Wood impregnated with petroleum frequent
ly occurs . There is a trunk of a tree in the col
lection of the academy at Upfal , indurated with
petroleum , black and ſmooth , and yet eafily
diſtinguiſhed to be of abeech . The Icelandic fof
fil wood alſo comes under this head , of which
I have ſpokenmore fully in another place * .
Bones penetrated with afphaltus are fome
times found .

As is foffil wood likewife , whofe pores are fil
led with amber , and even with infects and other

fmall animals ; which this fubftance does not on
ly penetrate , but even furrounds , as a fplendid
monument covering their remains .
Turf and mould contain organic bodies , efpe
cially of vegetables reduced in the greateſt part
by putrefaction to duft ; but which difplay figns

of their original ſtructure and character , more
or lefs obfcure . The firft fcarce differs from the

latter but in the greater decompofition and den
fity of its mafs .

I 2

* Effays , v . iii . p . 239

VARIETIES .
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VARIETIES .

S CLXXII . Ordinary Confufion ofVarieties with
Species .

THAT many varieties have been obferved in
fpecies properly determined is the more evident ,

as they have , for the moſt part , been confidered

as different fpecies . A miſtake to which the
practice of the mineralogiſts in determining ſpe
cific differences from external marks undoubted

ly gave rife.

SCLXXIII . Criteria ofVarieties to be taken from
external Appearances .

In the foregoing , we have fhewn that ſpecific
marks were tobe taken from the particular com
pofition ; but although ſuperficial criteria do not
affect the intimate nature of thefe bodies , yet

they are not by any means to be neglected ;
they are well calculated to determine varieties ,

and are even uſeful , not only in leading often a

ſkillful eye to proper diacritic experiments , but
in throwing light upon the mode of production ,

and other interefting circumftances .

§ CLXXIV .
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S CLXXIV . Illuftration of external Marks .

THE chief external marks are thofe taken

from the form of the outward furface ; the tex
ture , in the appearance of its particles by a re
cent fracture ; the colour , hardneſs , and gravi
ty .

S CLXXV . Amorphous Fofils .
FOSSILS that have no determined fhape are

denominated amorphous ,

S CLXXVI . Chryftalline Fofils .

BUT thoſe whofe circumference is included

within plain fides meeting each other at various
angles are called cryftalline .

In the foffil kingdom , we have five regular geo
metric figures , o

f plain , equal , and fimilar
fides ; a

s the tetraedra , cubes , octaedra , dode

caedra , and icofaedra ; befides many others dif
tinguiſhed by their prifmatic columns and py
ramidal terminations . Inwhat manner the great
number of derivatives arife from a few prima

tives , and differing from each other a
t the first

view , I have related elfewhere * .

Salts , indeed , on account of their folubility

T3 in

Effays , vol . ii . p . I.

F



294 ON A NATURAL SYSTEM

inwater ,morereadily acquire a fubtilety and free
dom oftheir particles , which , through the means
of attraction , is neceffary to form them into cry
ftalline concretions ; but this property is not limit
ed to them , as cryftalline foffils are found in al
moſt every genus of earths ,metallic , and phlogiſ
tic fubftances .

§ CLXXVII . External Marks taken from the
Texture of Foffils .

THE texture of foffils is not eafily determined
by the form of the particles ; as when they are
intimately combined with each other they are
always mutilated by fractures ; we may , how
ever , diftinguiſh many varieties . The moft fub
tileſhapeleſs molecules ufually called impalpable ,

give rife to an equal texture : while others larg
er, and more difcernable produce a granous , fi
lamentous , fcaly, and fpataceous compofition .

S CLXXVIII . From the Colour .

COLOURS , eſpecially the gradual ſhades of
them , can fcarce be fo defcribed by language ,

as to convey any clear idea , Hardly any other
method , therefore , than that of compariſon can
be uſed by always referring to thoſe colours fuf
ficiently underſtood .

§ CLXXIX .
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S CLXXIX . Phyfical Marks .

PHYSICAL marks alfo, as hardneſs and gravi
ty, are to be employed for afcertaining varieties ,

whenever they are found to throw any light .

$ CLXXX. Varieties of organic Fofils .

THE varieties of organic foffils are to be deter
mined from the fpecies of vegetables or animals ,

which ferve as guides to our judgement . And
all living bodies being defined by their external

appearance, the ſame rule may be obſerved in

this as in the other claffes .

SCLXXXI . Epilogue .

A SYSTEM offoffils , arranged according to the
foregoing method , I think is to be recommend
ed for it

s variety , order , and utility ; for the
number o

f fpecies and varieties , the manyfold
combinations o

f principles , the feries o
f agree

ment and difcrepancy ,the harmony and oppofi
tion of internal and external characters , and many

other important reafons : And I hope it will be
found to anſwer better , not only on account of
its extenſive view , but alſo becauſe the riches

and phenomena o
f

the organic kingdoms are in

itmore properly diſplayed than in any other .

T 4 § . CLXXXI .
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LATTER PART .

OF GIVING NAMES TO FOSSILS .

§ CLXXXII . The Utility ofNames properly adapt
ed inMineralogy .

Ir foffils are rightly and juftly arranged and
denominated , agreeably to the nature of things ,

we find a harmony in them not lefs grateful
than advantageous .

SCLXXXIII . Hiftory of Names in Natural Phi
lofophy.

1
THE fciences cultivated during the early a
ges , as chemiſtry , and all thofe depending on it,

had unhappily adopted certain fchemes and

modes of ſpeech , ofwhich the greater part were
not only puerile and abfurd , but often altoge

ther falſe , and leading to erroneous conclufions .
Many circumſtances contributed to the ſupport

of this mummery . At firſt , in thoſe days of
darkeſt ignorance , names were required to de
fcribe new diſcoveries and phenomena , adapted

to the unfkilfulneſs of their authors . By de
grees the knowledge of natural bodies , as well
as of artificial , being extended , the profeffors of
chemiſtry began to entertain fuch lofty ideas of

their
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their ſkill, that they did not heſitate to promiſe
themſelves the miracles of an univerfal medi
cine , and the making of gold . Hence arofe
the ridiculous ftruggle betwixt the immoderate
boaftings , through which they were endeavour
ing to difpofe advantageoufly of their difcove
ries , and the moſt folicitous attention with
which they wished to keep them concealed .
What the names they. employed could be,
when depending on the moft abfurd theories ,
the flighteſt appearances , and moſt abftrufe me
taphors , we are at no lofs to apprehend . To
theſe were added afterwards others produced by
any fortuitous flight occurrence ; and we per
eive in fome meaſure a language peculiar to
the early operations of chemiſtry .
*..

$ CLXXXIV . Of reforming the Names ofFoffils .

THE inftitution of academies of ſcience gave
rife to the gradual introduction of a founder
theory , founded upon more accurate experi

ment , which tended confiderably to limit the
barbarous and myſtical affectation of ſecrets ; and
occafioned a more rational denomination ofnew
diſcoveries , though as yet not built upon gene

ral principles . Befides , the rude and indigefted

mafs of antiquity was ftill preſerved for the
greatest part , and chiefly for the following rea
fons . From the 'reformation of names and
3 phraſes
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phrafes, it was apprehended that the whole
fcience would be involved in great confufion ,

and that their number would create confidera

ble difficulties ; and it was likewife alledged ,

that the moſt ancient writings would , by this

means , be rendered unintelligible , and all the
fcience they contained condemned to oblivion .

But fuch evils , at leaſt not all of them , feem not

to be a neceffary confequence . The oldeft
writings , eſpecially thofe on alchemy , are almoſt

all of them incomprehenfible : Whatever there
fore will anſwer to probable conjecture , or will
admit of a certain and determinate explication ,
might be more eafily underftood , if tranfpofed
according to the nature of the fubject ,-and the
fenſe of this or that denomination being once
extracted , it might be preferved in a book ap
propriated to the purpofe . As to what relates
to the dread of the introduction of new names ,

it would undoubtedly be well grounded were
not all writers to fuffer them to be regulated in
the fame manner . In this cafe the new names
adapted to the nature of things would readily
infinuate themſelves , and be univerfally receiv
ed.

Surely , it is highly improper that the nobleft.
fcience , which conftitutes , as it were , the very
effence of natural philofophy , fhould deliver
truths of the greateſt importance in the moft
abfurd of al

l

languages . Every country in Eu
rope
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rope has thought the cultivation and perfection

of its peculiar language an object highly worthy
of attention ; and fhall the fciences alone be dif
tinguiſhed for rudeness and barbarity of file ,

while they are daily requiring new names to ex
prefs new diſcoveries conftructed upon rational
principles ; and which , if they are not all wifely
and methodically ordered , would fometimes by
their number occafion the deftruction of thoſe

very diſcoveries they were intended to preferve .

In botany , fuch a reformation has long taken
place ; and what is there that ſhould prevent

fo falutary a plan from being extended to the
other ſciences ?

But notwithſtanding the obvious neceflity of
reform , as well as of fome fixed ftandard , accord
ing to which all the new names ſhould be regu

lated , there are ftill many difficulties that op
poſe their free introduction into the republic of
letters . From the very nature of the propofal
it is expoſed to the influence of particular opi
nions ; and every one , partial to his own , and
chufing different data , it will be impoffible in
the beginning at leaſt , to unite , in one common
confent , fentiments fo adverfe and contradicto
ry. We are not however to defpair ; for , if the
voices of all do not combine , perhaps the grea
ter number will , to ftiffle the clamour of per
fifting cavillers . Every real friend to chemif
try , therefore , ſhould wiſh for a happy iffue to

the
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the plan of Monf . Morveau , to be attempted in
the new Encyclopædia . In the mean time , it
may be permitted me to offer a few curfory re
marks , which I think are relating particularly
to mineralogy , and fubmit them to the judge

ment of the public . The end of the whole fyf
tem is doubtless to exprefs with truth , perfpicu
ity, preciſion , and brevity , every thing of which
an idea can be conveyed by words . New names ,

therefore , become neceffary to new things ; and
to render theſe the moſt convenient is the chief.

aim and object of this undertaking ,

S CLXXXV. Names that are evidently abfurd , and
ought to be expunged .

I AM of opinion , that all abfurd names , and
fuch as betray oftentatious vanity , are to be en
tirely ſet aſide . Of theſe we have examples in
the fal mirabile Glauberi , fal fecretum Glaube

ri, fal polychreftum Glaferi , arcanum corralinum ,

arcanum duplicatum , fal de duobus , and feve
ral others .

S CLXXXVI . And falfe Names likewife .

In like manner , names that are falſe ought to
be removed . Of this defcription are the follow
ing, fuggefting ideas that are erroneous :

Oleum
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Oleum vitrioli

Spiritus vitrioli

Oleum tartari

Sal tartari

Terra foliata tarta
ri

Butyrum antimonii

Semi-metallum

Fo
r

<

Concentrated vitrio
lic acid .

Diluted vitriolic a
cid . Spirit indicates
properly a

n inflam
mable liquormifcible
with water .

Vegetable alkali dif
folved by deliquef
cence .

Alkali of tartar .

Acetous acid fatura
ted with the vegeta
ble alkali .

Muriatic acid fatura
ted with antimony .
Fragile metal .

CLXXXVII . What then are the names to be a

dopted ? *

THOSE names which indicate fome effential
property o

r compofition are o
f

all others the
best .

CLXXXVIII .What are the Names to be tolerated ?

THOSE which admit a more extenfive fignifi

cation may be fuffered , if others evidently bet
ter cannot be fubftituted . And theſe indeed

are

1
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are true names ; for although , from the power
of the words , they will apply to many fubftan
ces , nothing prevents them from being xar x
applied to the one or the other . In this way
acidum aerium was uſed in the year 1772 , for
aer fixum ; which is not abfolutely advancing a

falfehood , as it poffeffes a proper acid , and in
an aerial form ; but it is objectionable , becauſe

thefe qualities are diſcoverable in other fubftan
ces . Let therefore fome other denomination be

fubftituted more exact and determinate , as, gas ,

or acidum mephiticum , or elſe there will be no

end to the various changes . But if it be impoffi
ble to find one more accurate , it will be attend
ed but with little inconvenience , to apply it to
that fubftance which we know for certain to be
the acidum aerium of the antients .

CLXXXIX . Names fignifying less than the Thing

defined ought to be abolished .

WHATEVER names exprefs too limited a ſenſe
fhould certainly be expunged , ifa choice can be
made among thofe that are fynonimous , efpeci
ally thofe recommended by long time ; as they
convey falfe and inadequate ideas . Thus mine

ral indicates properly an ore ; but in the vul
gar fenſe it fignifies every inorganic body found
in the bofom of the earth ; although this idea is
more accurately expreffed by the word fofil .

In
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In like manner , oryctologia implies a more exact
denomination of the fcience of foffils than mine
ralogia . Petrefactum or petrificatum , falls near
ly under the fame criticiſm . But as here we
have no better fynonimous word to fubftitute ,

we muſt be contented with fuch as cuſtom has

eſtabliſhed . Words , like coin , owe their cur
rency to preſcription .

§ cxc . How we are toproceed without proper em
phatic Names.

As it is not eafy to apply names exactly
expreffive of the thing defined , we are to
adopt fuch as having no determinate meaning

may have their fenfe afcertained by definition ,

SCXCI . Names derived from the Authors ofnew
Difcoveries .

AMONG botanifts and anatomifts the memo
ry of diſcoverers is perpetuated in particular de
nominations ; it may , therefore , be a queſtion ,

whether among chemifts , where the reward of
new facts is attended with greater inconveni
ence , it would be proper in the fame manner to
teſtify a grateful ſenſe of obligation ? To me ,
indeed , it ſeems to be practicable , and without
any impropriety ; but as it often happens , that
the fame diſcovery has been made by different

individuals
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individuals at the fame time , it might , upon the
whole , be better to truft the fame of all , to the
impartial records of the hiftoric page . This ex
ception , however , need not extend to names of
little importance in chemiſtry .

S CXCII . By what Means are the Claffes of Fof
fils to be defined ?

EACH claſs of foffils fhould , if poffible , be de
fined by one fingle word . Such as ,-Salts ,

Earths , Metals , and Phlogiſtica . True , indeed ,

the laſt is an adjective ; but on this account fole
ly it is not to be rejected, as we fhall preſently
fhew : Nor , indeed , have we reaſon to appre
hend ambiguity from the uſe of it , as the con
text will always determine whenever it refers
to foffils . If any one fhould think the word
bitumina preferable , I can have no objections ;
although it may appear extraordinary to many
to confider diamonds under this definition .

For want of a more proper appellation , I dif
tinguiſh foffils mixed mechanically under the
name of Petræ . My reafons for this diſtinction
I have given already in § 166. Thofe , however ,
that form the fubject of the other appendix , as
organic foffils , can ſcarce be defined under one

title , and we must therefore either employ two,
or call them in general Petre factions , § 189 .

§ CXCIII .



OF FOSSILS. 365

CXCIII . Denomination ofGenera .

EACH genus fhould be expreffed in one word ,
for the fake of brevity and convenience .
Among the falts there are, ftrictly speaking ,

but two genera ; the acid and the alkali . And

we ſhall fee by and bye the great advantage this
produces , that the combinations of every acid
conftitute proper genera . An acid may be con
fidered fubftantively without the neceffity of
having the word Salt prefixed to it, as every a
cid is a falt .

In the fecond clafs we have found five gene
fa . One of which , but lately diſcovered , has ,

on account of it
s ſpecific gravity , obtained the

name of Terra Ponderofa . But in order to ren
der it more concife and convenient , the firſt
word might be eaſily omitted , though always

underſtood , and the laft employed alone a
s a

fubftantive ; o
r

we would , with Monf . d
e Mor

veau , adopt Barites from apuswith great advan
tage . The remaining earths are all expreffed

with fubftantive names ; but for the fake of per

fpicuity , I would yet recommend fome alterati
on in them : As for example , Calx ,Magnefia ,Ar
gilla , and Silex , are defcriptive of foffils , fuch as

they occur on the furface o
f

the earth , blended

more o
r

leſs with heterogeneous matter ; and
therefore the words Calcareum , Magneſium ,

Argillaceum ,U

7
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•

Argillaceum and Siliceum , might be properly u
fed to fignify theſe fubftances pure and unmix
ed .

The names of the fixteen metals are all fub
ftantives , and except one , are of the neuter
gender . The papupos of the Greeks was tranf
lated into Latin by Pliny hydrargyrum , and why
may not the platina of the Spaniards be adopted

into the ſame language , with a neutral termina
tion ? According to this propofal , we ſhall have the
following generic names , aurum , platinum , argen

tum ,hydrargyrum , plumbum , cuprum ,ferrum ,ftan
neum, viſmutum , niccolum , arfenicum , cobaltum , zin

cum , antimonium , magneſium , and fiderum , ifthis
laft differs at all from iron . Each of them are to
indicate the metal in its complete ſtate . De
phlogiſticated metals , commonly called calcin
ed , or metallic calces , refemble indeed , in

fome meaſure , burned chalk , from their attrac
tion of the aerial acid , from their becoming cau
ftic with the volatile alkali , their fufceptibility of
pulverifation , and other properties .
Of phlogistic bodies , the generic names are fo
well conftructed that we have no remarks to of
fer upon them : Adamas ,fulphur, petroleum , and
fuccinum, are received with propriety .
The four genera ofpetræ I define by the fol
lowing names . The firft , abounding in faline

matter , I call falfamentum ; the fecond , loaded
with earthy matter , appears to me to be proper

ly
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ly faxum ; the third , containing metals in their
matrices , I denominate minera ; and the fourth ,
from themixture of petroleum , or other phlogi
ftic bodies more plentifully found in it, takes
the name ofbitumen ; or , if this name be given to
a claſs , picarium may be fubftituted .
Of the organic foffils , that which is penetrat

ed with any falt may be called falitura ; with
earthy particles , lapidofum ; with metallic , me
talliferum ;andwith phlogistic ,pollinctum . Should
names more proper than thefe occur to any per

fon I fhall have no objection to withdraw them .

S cxciv . Of applying Names to the fimpler Foffils,
and especially to the Salts .

ALL bodies , whofe proximate principles have
never yet been aſcertained by art , require fim
pler names ; the primitives eſpecially fhould be
expreffed by one word ; and thofe of a known
compofition fhould be defined by derivatives
having a reference to their principles ; if not of
one or two words , confifting at the most of
three . To denote each body by a peculiar fim
ple name would be productive of great incon
venience , and be an uſeleſs burden to the me
mory . It might however be of confiderable
advantage to the fyftem of nomenclature , in the

clafs of falts , if every one of the fimple falts
could be indicated by a fingle word . Would it

U 2 not

•
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not therefore be admiffible , by fuppofing the
acid to conftruct the names as fubftantives ? As

for example , vitriolicum , nitrofum, muriaticum ,

regalinum , fluoratum , arfenicale, boracinum , fac
charinum, oxyalinum , (inherent in the acid of the
wood forrel ) tartarum , benzoinum , citrinum , fuc
cineum , galacticum , formicale , febaceum , phospho

reum , and aereum . Phlogiſticated vitriolic acid

might be named fulphureum , and phlogiſticated

nitrous acid nitreum . In like manner , in the
genus of alkalies , the vegetable will be potaſſi

num ; the mineral natrum , a name by which it
has fometime been already known ; and the vo
latile will be ammoniacum . The great advan
tage of this fimplicity , as we fhall fee preſently ,

will be obvious in giving names to compounded
fubftances ; which , if they conſiſt of more than
two or three words , will give riſe to a diffuſe and

circuitous ftile , both in fpeaking and writing.

All names certainly proceeding from the defi
nition of ſeveral words are by far the moſt im
proper ..

S cxcv . Names of Species demonftrated in the
Cafe ofSalts .

SPECIFIC differences , that can ferve as di
ftinct names , are ufed with confiderable advan
tage . Admitting what has been already pro
pofed in the preceding paragraph , this very ea

4

fily
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•

fily obtains in the claſs of falts , as to all the fpe
cies perfectly faturated . That earthy and me
tallic falts ought to be arranged under the head
of their menftrua , we have feen in § 70 .; but ,
with reſpect to the perfect neutral ſalts , it is not
fo clear , § 68. It ſeems indeed more conveni
ent to refer them to the genera of their feveral
baſes ; and in this way alfo I have proceeded ,
But we ſhall have more agreement with the a
nalogical falts , moſt of which are properly af
figned to the acid , if the neutral falts are fub
jected to the fame arrangement . According to
this method we ſhall have names fufficiently apt

by combining the acid with the adjective of the
bafis . As for example ,

Vitriolicum potaſſinatum
, fo

r

Tartarus vitrio
latum .

Nitrum cubi
Nitrofum natratum , cum .

Muriaticum ammoniacum ,

Acetum potaffinatum ,

Vitriolicum calcareatum ,

magnefiatum ,

argillatum ,

Nitrofum barytatum ,

argillatum ,

Muriaticum barytatum , & c .

U 3

--

Sal ammonia
cus .

Terra foliata
tartari .

Gypfum .

Sal catharticus
amarus .

Alumen .

Barytes nitra
tus .

Calcareum ni
tratum .

Barytes muri
aticus .

Metallic
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Metallic
double falts

allo may be treated in

the fame manner
; as,

+

310

Vitriolicum auratum, &c.

Nitrofum argentatum , & c.

Muriaticum plumbatum , &c.
Arfenicale cobaltatum , &c.

andmany others
.

No one can object to thofe adjectives derived

from the names of the metals , as Pliny uſes the

word ferratum ; and it is according to this plan
that they are here applied .
Analogical falts , containing an alkali , may be

eafily arranged in the fame manner .
Thus ,

Potaffinum
Argillatum ,
Silicatum , &c.
Argentatum .
Cupratum ,
Zincatum , & c.

Ammoniacum

Double falts , in which either principle pre
vails can alſo be denominated in fuch a manner
as to exprefs an imperfect faturation , § 127 .
For example ,-Tartar , with an excefs of acid,
can be defined by a combination of its generic
name with the genitive o

f
it
s

bafe , a
s

tartareum

potaffini ; but , when perfectly faturated , may be

called tartareum potaffinatum . In like manner
we fhall have oxalinum potaffini , but , when ex

actly faturated , it will be oxalinumpotaſſinatum ;

vitriolicum natri , and vitriolicum natratum ; na
trum boracini , and boracinum natratum ; and fo

on ofothers .

This
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This method , however , is not applicable in o
ther claffes , not even to the double

fpecies. Sa

line earths , with fuch an exceſs of earthy matter

as nearly to obliterate their faline character
,

ought thus to be expreffed .

Barytes vitriolatus , for Spatum ponderofum .

Calcareum fluoratum , Fluor mineralis .

Calcareum aeratum , Calcareum vulgare ,

The character of the remaining foffils differs

more confiderably from the falts
, and requires

auxiliary illuſtration .

-
-

§ cxcvi. Trivial Names of Salts .

FOSSILS , containing three or more
principles

appear capable of the cleareft
definition by

The celebrat
means of the trivial names .

ed Linnæus firſt made ufe of fuch
, in his Spe

cies Plantarum of 1753 , by which every
fpecies

could be conveniently expreffed
, without a repe

tition of the ſpecific differences . The
language

of botany became thus remarkably
eafy and in

telligible ; and zooligifts and mineralogifts
have

to thank the ſame author for the
happy intro

duction of them into their ſciences.- But
, al

though theſe names may be affumed
from the

inventor , ſome virtue , ancient
appellation , pro

perty , or accidental circumſtance
reſpecting the

fpecies ; yet fhould they be generally
limited to

one word , and very feldom
indeed extend to

two. They may be confidered
as furnames dif

U 4 tinguiſhing
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tinguishing the individuals contained in the
fame genus .

The triple falts are , by means of theſe trivial
names , denominated with great facility . Of
which we have the following examples :

Vitriolicum fallax

epilepticum ,

Muriaticum anti -epilep- .
ticum ,

alembrot ,
dulce ,

Galacticum Bartoleti ,

Tartarum Seignetti ,

Lafonii ,

folubile ,

Mynfichti * ,
martiale

Phoſphorum microfmi
cum ,

* Effays , vol . i. p. 349.

M

Epfom falt united to
the volatile alkali ;
eafily producing
an apparent ine
quality of attract .
Epileptic falt of
Weifman .
Anti -epilepticum
puerorum ofBoer
haave .
Sal alembrot .
Mercurius dulcis .
Sugar of milk , firſt
defcribed by Bar
toletus .

Sal polychreftum
Seignetti .
Tartar joined to the
fedative falt.
Tartar faturatedwith
volatile alkali
,

commonly called
tartarus folubilis .
Tartarus emeticus .
Globuli martiales .

Sal microcofmicus .

f

Compound

7
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Compound falts , produced by regalinum (a
qua regis) never become triple , at least not all
of them . The nitrous acid feems to be neceffa
ry for the purpoſe ofdephlogiſtication only ; and
themuriatic generally exhibits the fame combi
nations as the regaline , by which , if the muria
tic is not in fufficient quantity , a double falt is
obtained , charged with the nitrous acid,

The fame obfervation is equally applicable to
the quadruple falts .

Tartarum Fevri , Tartar united to bo
rax ,

Nitrofum Kunckelii , Rubini Kunckelii .

fympathicum , {
Sal ammoniac with
nitrated copper .

This falt exhibits cryſtals , that affume a yel
low colour when heated , but become blue in a
moderate temperature . If a folution of them
fufficiently diluted is uſed for writing , the let
ters will be found to diſappear entirely , by the
application of heat ; and , if expoſed to the va
pour of cauftic volatile alkali , to change to a
beautiful blue colour .

Thus , then, I have pointed out a method , as
I apprehend , both eafy and fimple , by which all
the known falts , about fifty in number , may
be each denominated in one or at moſt in two
words . According to the first divifion , we have
the genus only. Of the fecond , the double falts
completely faturated are indicated by the ad
jective of their baſe ending in atus . In the

third , the imperfect falts are known by the
genitive

-
-
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genitive of their baſe.-The fourth contains the
triple falts and thoſe of ſeveral principles , which
are expreffed by the trivial names ; and as in
them we neither find the adjective of the baſe
atus , nor the genitive , it is not poffible that any
ambiguity can arife .-The whole compofition of
the triple falts could not be fignified in two
words , unleſs the double falts were defined in
one only ; and if the fame brevity were expect
ed of the quadruple , the triple muſt have necef
farily been denominated by one . But itmay be
a queftion , whether it is more difficult to invent
fuch a number of new and fimple names , or , if
invented , whether they could poffibly be retain
ed by the memory .

SCXCVII . Of the specific Names of Earths , Me
tals , and Phlogistic Subftances .

If we confider every thing that has been faid
in the foregoing fections on the ſubject of the
falts hitherto known and inveſtigated , we ſhall

find , that we have in fome meafure laid the

foundation of a general fyftem of mineralogy .
With regard to the earths , and the following
claffes , the denomination of the double and
more compounded fpecies may be conveniently

expreffed by the trivial names in two words .

Thus , for example , under the genus magnefia ,

a fpecies occur , in the formula , fmca , compofed
of

1
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1

of filiceous , calcareous , and argillaceous earth ,
with fome admixture of iron * , which in fyfte,
matic authors is denominated aſbeſtos , and treat

ed as a peculiar genus. To this , indeed , the
trivial name of aſbeſtos may be properly applied ,
as it ſeems to be fo well underſtood , that the
youngeſt mineralogift is in no danger of being

mifled by it. The fame may be ſaid of ſchoerl ,
granate , zeolite , and many others , that are dif- ·

tinguiſhed by names known to every body , and
highly proper . In the compofition of earths ,
iron is by no means a neceffary ingredient , al
though it is generally found in them ; and we
therefore confider it as an alloy , or heterogene
ousfubftance .

§ CXCVIII . Conclufion .

I CANNOT finiſh my remarks on the denomi
nation of foffils more to my own fatisfaction ,

than by pointing out what is yet wanting to the
improvement of fcience . I would wiſh that in
the eſtabliſhing of new names , a preference
fhould be given to the Latin language . This is,
or at leaſt was formerly the mother tongue of
the learned ; and being now not the living lan
guage of any nation , it is no longer liable to
innovation or change . If therefore , the reform
we propofe is made firft in Latin ; it may be eaſily

carried

* Differtation on the afbeftos .
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carried into execution afterwards upon the fame
model in the modern languages , as far as their pe
culiar genius and conftruction willadmit .-In this
manner , the language of chemiſtry will become
every where uniform and confiftent , and confi
derable advantage will be derived not from the
reading only of foreign publications , but the
facility alfo with which they can be tranflated .
I have ſeen an excellent effay of Monf. de Mor
veau on the reform of the French names* , and
I am not a little flattered by the agreement I
find between many of the alterations he pro
pofes and thofe that I have offered on that fub
ject . From this , perhaps ,we may venture to hope,

that by making it an object of further atten
tion on both fides, the differences yet fubfifting

may be removed , to the great benefit of fcience ;

and to the permanent cftabliſhing and advance

mentofwhich all our views fhould be directed .

* Diary ofMonf . Rozier.

OF
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COMBINATION

MERCUR
WITH THE

MARINE ACID *.

Rejectis vanis fpeculationibus , et quicquid inane et fterile e
ft , con

fervetur quicquid folidum e
ft

a
c fru &uofum .

BACO .

§ 1. Introduction .

ATREATISE O
n

the preparation o
f

corrofive mer
curial fublimate in the humid way , and fent to

me by the celebrated Monf . Monnet , and which

I delivered to the Swediſh academy of ſciences ,

firft fuggefted to me the idea o
f giving the hifto

ry o
f

the mercurial , falts , arifing from the mu
tual

This differtation was read in the Swediſh Academy of
Sciences , and publiſhed in the Acts o

f

the faid academy , 1769 ,

in the Swedish language .
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tual combination of mercury and the marine
acid .

The relation betwixt menftrua and the bodies
they diffolve , is eſtabliſhed by a conftant and
univerfal law of nature , in ſuch a manner , that
they reciprocally faturate each other ; that is ,

are mutually diminiſhed in their efficacy and a
crid properties . From this combination , a new
form of each mixt body ariſes ; whofe qualities ,
although they are generally to be attributed to

the character of the conftituent parts , and the
confufion of the properties of each, yet they
fometimes differ entirely from the character of the

menftruum , and of the body diffolved . An ex
cefs of either principle gives birth to another
genus ofmixture , under which the true nature
of the combined fubftance is often concealed .
By taking away this exceſs of the one, or fup
plying the deficiency of the other principle , the
obfcurity is removed and the mixt body affumes

it
s proper character . This is commonly the cafe

in the union of acids with lixivial falts , earths ,

o
r

metals . But fuch is the peculiar nature and
condition ofmercury combined with the marine
acid , that it ſometimes unites with a lefs , fome
times a greater proportion o

f

acid ; and can

with great difficulty be forced from the mixture
into which it has once entered , to make part of
another . There are three forms under which

thefe
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theſe mixtures or combinations prefent themſelves ,

and which deferve to be feparately confidered .

S 11. Corrofive Mercurial Sublimate .

WHEN mercury is completely faturated with
the marine acid , the falt refulting from fuch an

union is generally fignified by the nameof corro

five mercurial fublimate . This name it derived

from it
s corroding power ; and it was called like

wife the malleus metallorum , from its fingular

efficacy in the ſolution ofmetals .

Ofthe first inventor of this metallic falt we
are entirely ignorant . The antients , however ,
ſeem to have had fome knowledge of it . Avi
cenna , (who died , as it is faid , an . 1036 , p . L

.

N. ) makes mention of it ; and , even a century
before his time , it was known to Abubeker -al
Rhafi , commonly called Rhafes * . That the

Chineſe were acquainted with the preparation
of corrofive fublimate , appears evident from a

Chineſe manufcript on the medical art , a tranf
lation of which by C. A. Vandermonde into
French is preferved in the library o

f
B
.

Juffieut .

But whether the Chineſe and the Europeans
derived their knowledge on this fubject from the

fame fource , o
r

whether it was invented by fe
veral

A

Memoire pour fervir a l'hiftoire d
e l'ufage interne du

mercure fublimé corrofif , par M. Le Begue d
e Preſle .

Chemie medic . d
e

Malouin , 1756 .

1
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1

veral in different parts of the world , is a quef
tion I dare not venture to determine . It is well
known , that the profeffors of alchemiſtry fought

for the bafis and fupport of their art in mercu
ry, which , with that view, they made the fub
ject of every poffible experiment . While they

were thus employed , therefore , it is not unlikely
that chance made them acquainted with corro
five mercurial fublimate ; the preparation of
which they feem , from the beginning , to have
long reckoned among their ſecrets ; or , at leaſt ,
to have diſcovered it in vague and enigmatical
language . According to Junker , this metallic

falt was called by the ancients Mercurium , and
quickfilver was fignified under the name ofAr
gentum vivum.

III . Whether Corrofive Mercurial Sublimate can
be prepared by the fole Mixture of the Marine
Acid and Mercury ?

THE marine acid poured upon Mercury does
not diffolve it without the affiftance of heat.

Until the preſent day , therefore , corrofive mer
curial fublimate has always been prepared by
the means of fire , in a tedious procefs of fepa
rations and compofitions . It is not abſolutely
certain , that J. C. Barchufen poffeffed the art
of combining mercury with the muriatic acid ,

without employing fuch complicated proceffes .
The
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The following words of the celebrated author
feem to have fome reference to this particular
art : " Tandem fieri poteft idem (mercurius )
" corrofivus , fi fpiritu falis diffolutus iterumque
coagulatus , cucurbitæ inditus fublimatur ."
Margraaf has demonftrated , that many metallic
precipitates are foluble in thoſe acids , which
have no effect upon perfect metals * . And
long ago it was afferted by Stahl , that Mercu
ry precipitated from aqua fortis , by a lixivial
falt, could be diffolved in the muriatic acid . On

the credit of Junker , Stahl is faid likewife to
have declared , that this laſt folution was not in
the leaſt diſturbed by the addition of an alka
line falt ; which if added to a folution of corro
five fublimate would have produced confidera
ble effect . I am at a lofs to conceive by what
accident a circumftance fo unuſual fhould occur

in the experiments of Stahl . As often as I have
repeated them myſelf, I have always obferved
a very different refult ; even when the acid was

in excefs ; although a paler powder was then
precipitated . From thefe accounts , however , it is
manifeft , that it has not been hitherto doubted
whether corrofive mercurial fublimate could be

prepared without fire ; the faith of experience ,

however , was wanting to eſtabliſh the truth of
what as yet refted only on conjecture . Great
praife , therefore , is due to the diligence ofMoX net ,

* Mem. de l'Acad . de Berlin , 1476.

66
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1

net , which has thrown light upon a ſubject by
no means certain , at leaſt not attempted by any

one .

S IV . The various Proceſſes by which Corro
five Mercurial Sublimate is prepared . I. '
The Mixture ofBodies containingMercury and
Muriatic Acid .

CHEMISTS have preferved various meaſures in

the preparation of corrofive fublimate . Thefe

can , however , be referred to four kinds only ,

and ofwhich we ſhall now proceed to give ſome
explanation .
I. The admixture of bodies containing mer
cury and muriatic acid . Lemery , Senior , was
the first who followed this method , and ofwhich
he has given an account to the Parifian academy *.
He mixed together by friction four ounces of
mercury , and as many of dried falt , and after
he had expofed the maſs tothe fire for four hours ,

he obtained four ounces of a falt in all reſpects
fimilar to corrofive fublimate ; at leaſt all the
difference that was found between them was,

that this preparation was of a darker colour , a
texture lefs cryftalline , and of amilder nature .
I cannot help obferving in this place , rft ,
That the proceſs of extinguiſhing mercury com
pletely by trituration with common falt, is ex

ceedingly

* Mem. de l'Acad . R. des Sc. de Paris . a. 1709 .
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1

Š

T

1

ceedingly difficult and tedious . 2d , That , by
the method of Lemery , lefs corrofive fublimate
is procured thanby the ordinary method , 3dly,
It is neceffary to employ the common white falt
which always contains fome muriatic magnefia
and lime . If the experiment were made with
common falt freed from thefe earthy falts , not
a particle of corrofive fublimate would be pro
duced ; as appears evidently from the attention

Baume has paid to this queſtion * , as well as
from the experiments made by Lemery. The
latter , when he had diffolved in water , the mat
ter remaining after his operation , had filtrated
it , and formed it into cryftals , obtained the
pureft common falt ; but which , when triturated

again with mercury , and expofed to the fire af
forded no corrofive fublimate . In this cafe the
acid of the common falt was not expelled by
fire as, it would have been from the earthy falts .
Nor , indeed , does the experiment fucceed bet
ter, if, inſtead of falt, its acid only is taken ; as
it does not act upon mercury , unleſs that metal
has been previouſly divided minutely by precipi

tation or refolved into vapours . Befides , before

the fubliming veffel is penetrated with a degree
of heat fufficient to raiſe the mercury to a ftate
ofvapour , the acid of the falt has already affumed
that form , as it poffeffes a greater proportion of
volatility . It is therefore required , that the acid

X 2 fhould

Di&t. de Chemie de Macquer .
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fhould be able to refift the action of the fire un
'til they can be both converted at the fame time
into vapours . We are told that mercury and fal
ammoniac being mixed , and expoſed to the fire ,

will yield a fmall quantity of corrofive fublimate .

The property of feparating acids from the vola
tile alkali , is common to mercury with other
-metals . On this principle are founded the ex
periments and modes of preparation ſuggeſted
by the Count de la Garaye *.
Stahl has another experiment , in which he pro
duces mercurial fublimate by fubliming together

luna cornea and cinnabar . For , as by the aid of
fire , the muriatic acid feparates from the filver to
combine with the mercury of the cinnabar , the
fulphur likewife , being expelled from the mercu
ry, diffolves the filver , and formswith it fulphurat
ed filver, or artificial minera vitrea . This experi

ment deferves to be repeated frequently and
with attention ; efpecially as it is affirmed by Pott ,
that when mercurial corrofive fublimate and fil
ver filings are put into a retort , and expoſed to the

fire , mercury will be found metallized in the re
ceiver , and luna cornea remaining at the bottom
of the retort . If this refult is uniform and con
ftant , it is a remarkable inftance ofthe great af
finity between filver and the muriatic acid . It
will admit of explanation upon the principles of
double elective attraction , by which the parts

are

Macquer in Mem. de l'Acad . des Sc. a . 1.75.2
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are interchanged , which conftitute cinnabar and
luna cornea .

S v. II. What is the Importance of the nitrous
Acid in the Preparations of mercurial Sub
limate ?

+As it is exceedingly difficult fo to fubdue
mercury by trituration with common falt , as to
deftroy its fluidity ; and as even when this la
bour is moſt fuccefsful , the metal is ftill raiſed

too quickly by the heat ; the nitrous acid has

been employed by feveral chemifts to restrain
the volatility of the mercury , and to render it
more divifible, and eafier to be mixed . But this

is not the fole reafon for adding the nitrous acid .

Some people pour it upon the mercury while it -
is triturating with the falt , in order to corrode
the metal , and contribute to its extinction . O
thers again , following the ſteps of J. H. Cardi
luccio , ufe the nitrous folution of mercury ; in
to three pounds of which he orders a few hand
fuls of falts to be thrown , the fluid mixture to
be gradually exficcated , and the refiduum to

be diſtilled in a retort * . In this proceſs , a white
precipitate ofmercury , (ofwhich we ſhall pre
fently give a fuller account , ) is produced , which
is raiſed by the fire in the form of a milder fub
limate . Some alfo pour the muriatic acid upon

X3 the

R. Minderers Kriegfartzney .
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the nitrated mercury ; but this method is but
little profitable . On the other hand , there are
ſeveral , who taking Barchufen for their leader ,

infpiffate the ſolution by heat , to perfect dry
nefs , and afterwards rub the refiduum with an
equal portion of falt deprived of its water o

f

cryftalliſation . The authors o
f

the Edinburgh

Pharmacopoeia have adopted this method . G.
Roth directs nitrated mercury to be triturated

with a fourth part o
f

common falt , the refidu
um of the folution to be poured into a retort ,

the fluid part o
f

the mixture to be ſeparated by
diſtillation , and what remains dry in the veffel

to be fublimed by a ftrong fire . If a milder
preparation of corrofive mercury is defired , he
orders as much muriatic acid to be added , as

will equal the quantity o
f

the nitrous feparated
by the diftillation * . The fame end may be ob
tained , and not lefs certain , a

t
a fmallér expence ,

if a greater proportion of common falt is added

a
t

the beginning .

SvI . III . How far is the Vitriolic Acid fervice
able in this Preparation .

THIS acid may be employed in ſuch a man
ner , that any fubftance in which it is contain
ed , as for example , the vitriol of Mars , can be

mixed with mercury and common falt .

Anleitung zur Chemie , 1717 .

In or
der

�
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der to forward the extinction of the mercury ,
which would be otherwiſe tedious and difficult ,

it is ufual to add a fmall quantity of dried clay.
Daily practice has fanctioned this procefs ; and
we find it recommended by N. Le Fevre , who
directs four repeated fublimations * . Alſo , in the
Brandenburg Difpenfatory , by Blancard † ; by

J. F. Cartheufert ; H. F. Teichmeyer§ ; R. A.
Vogel ; Wallerius T, and others . We are
told by Tachenius , that the Venetians prepare
great quantities of the mercurial fublimate ac
cording to this method . They mix together

280 pounds of crude mercury , with 20 pounds
ofcorrofive fublimate , and then , with great care ,
and variety of apparatus , they add 400 pounds

of common falt , 200 pounds of vitriol , and 50
pounds of colcothar . Fifteen veffels are employ

ed in this operation , and the fire being conti
nued for fifteen days , they obtain at laſt 360
pounds of corrofive mercury ** ., Junker met with
a Portugueſe Jew at Amfterdam , ufing the fame
procefs ; the theory ofwhich may be very ea
fily underſtood . The action of heat , and the
mutual affinity between the vitriolic acid and

X 4 the

* Cours de Chemie , 1660 .
+ Chemia .

!

Pharmacologia , 1745 .
Inft . Chem , 1729.
Inft . Chem . 1755
¶ Chem . Phyf. vol iii .

** Tachenius in Hippoc . Chem .
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the mineral alkali , feparate the muriatic acid
from the common falt , with which the mercu
ry , raiſed into vapours , readily combines . The
addition of the corrofive fublimate affifts in the
extinction of the crude mercury . Instead ofvi
triol , the Chineſe ſometimes make uſe of alum *.
The pure vitriolic acid may be employed in
different ways in a fluid form . If turpith mi
neral is preferred , (which is a mercurial calx
according to Baume † , deprived of all acid by
ablution in water) , it is not fufficient to have
added the common falt, but it becomes neceffa
ry to add befides the vitriolic acid , in order to
expel the acid of the falt . The method invent
ed by Kunkel , has confiderable merit . E
qual weights of crude mercury and ftrong vi
triolic acid are diftilled together ; an exceeding

volatile and fetid ſpirit paffes over into the re
ceiver , leaving behind in the retort a white fa
line matter , commonly named Turpethum al
bum , but which would be more properly cal
led , vitriolated mercury . This falt combined
with the common falt exficcated , and put into

a fubliming veffel , produces mercurial fubli
mate. Ifthe operation is rightly conducted , it
is not requifite , as Kunkel would perfuade us,

to diffolve and fublime repeatedly this falt in the
muriatic

* Malouin , Chemie medic.
Dictionnaire de Chemie .

Laborat. Chem . 1716 .
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muriatic acid . Boulduc junior recommended
this process to the Royal Academy of Sciences
at Paris in the year 1730 ; not knowing , as it
ſeems , that it had been already employed and
made public by Kunkel .

§ IV. IV .What are the Effects ofthe Vitriolic and
Nitrous Acids used together to this Purpoſe ?

THE united powers of the vitriolic and ni
trous acids may be variouſly directed to the pre
paration of the corrofive mercurial fublimate .
And , in the first place , the proceſs may be in
ſtituted with any acid united to it

s

baſe ; and

mercury , vitriol , common falt , and nitre , may

be triturated together , and the fublimation pro

ceed afterwards very fuccefsfully . The object

of this method is the expulfion o
f

the nitrous
acid from its baſe by the vitriolic ; ſo that bemg

thus free , it may immediately corrode the mer
cury ; and that the muriatic acid , unequal in

force to the other two , may unite with the mer
cury , after the corrofion with the nitrous acid

is complete . Tachenius * , Junker † , and others ,

recommend this preparation o
f

corrofive mer
cury . For the fake of promoting the extincti
on o

f

the mercury , Zwelfer ‡ , Jac . le Mort § , and
the

* Hippocr Chem .

+ Confp . Chem .

Pharm . Reg 1675 .

Chem . Med . Phyf . 1688 .
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the authors of the London Pharmacopoeia direct
an addition to be made of one twelfth of corro
five fublimate .

The pure and uncombined nitrous acid , with

which Junkenius orders the mixture of mercu
ry, vitriol , and common falt , to be moiſtened , is
applicable to the fame purpofe . But he pro
pofed likewiſe another proceſs , viz . equal weights
of common falt and vitriol are to be calcined
together , fome of the mixture to be ſpread on
the bottom of a veffel , and then mercury filter
ed through leather ; and thus alternately to be
placed layers ofmercury and of the mixed falts .

As much nitrous acid then , as is fufficient to
moiſten the maſs , is poured upon it ; the liquid

is expelled by diftillation , and the dry matter
remaining is fublimed *.
When vitriolated tartar is added to a nitrous

folution of mercury , a powder is precipitated ,
which , when expofed to the fire with common

falt, very eafily produces corrofive fublimate .
Stahl feems to have mentioned this mode of
proceeding , but in obfcure language +. Pott

has explained it with more preciſion ‡ ; and has
proved with the perfeverence of Baume , that
vitriolic acid can be feparated , by means of the
nitrous , from the falts to which it adheres . Ace

cordingly ,

!

* Lex Pharm . Chem . 1699 .
+ Von Salzen , 1738.
Mifcell . Berolin . t . v.

>
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cordingly, although the affinity of the nitrous
acid is weaker than that of the vitriolic , there is
nothing fo wonderful in the circumftance juft
now related . We are to confider the propen
fity of mercury towards the vitriolic acid , as o
perating to increaſe the influence of the nitrous ,

and from hence it proceeds that we obtain
a vitriolated mercury but little foluble in
water , and , on account of the ſmall quanti
ty of the menftruum , falling to the bottom of
the veffel in the form of cryftals ; while , on
the other hand , the nitrous acid uniting

with the lixivial falt produces a perfect nitre .
Further , if this vitriolated mercury is

mixed with common falt , and ſubmitted to the

fire , a new exchange of parts takes place : for

the mercury combining with the muriatic falt
is fublimed under the form of corrofive mercu
ry, the matter remaining at the bottom of the
veffel being a Glauber's falt , generated by the
acceffion of the vitriolic acid to the mineral al
kali .
The refult is nearly the fame , if you employ
nitrated mercury , common falt , and vitriol . The
uſe of this preparation is preferred by Begui
nus *, Boerhaave † , Senac ‡ , A. C. Ernfting §,

J. H.
* Tirocin . chem. 1615.
Elem. chem. tom . ii .
Cours de chem . fuivant les principes de Newton et de

Stahl, tom ii. 1623.
§ Lex . chem . 1765 .

4
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J. H. Schulze , Malouin † , H. Ludolf ‡ , A.
Rudiger , Macquer , J. R. Spielmann t†,
Baume I, L. J. D. Suckow §§ , and ſeveral o
thers .

S VIII . What Mode ofPreparation is the beſt.

WE have thus enumerated almoſt all the chief

methods of preparing corrofive fublimate ; but,

ifwe compare them with each other , in reſpect
of profit and expence , we fhall find them not all
of equal merit and importance . We fhall take
no notice of the late boafted difcoveries of a Pa
rifian apothecary , in the preparation of this me
tallic falt with the acid of milk , as their incon
fiftency with known principles in nature is their
ftrongeft condemnation . In Sweden , but a
fmall quantity of corrofive fublimate is prepar
ed , which is a circumftance much to our diſad
vantage , as we are not only obliged to purchaſe

it from abroad , but alfo expofed to the risk of re
ceiving it adulterated with arfenic , the moſt
dangerous of poiſons , than which nothing can

be

* Chem . Verfuche .
+ Chem . medic .

Einleit . in die chem . 1752 .
Syftemat . Anl . zur allgem . chem. 1756.
| Elemens de chemie pratique , tom . i . .
++ Elem. chem. 1763.
Manuel de chemie, 1763.
66 Phyfifche Scheidenkunft , 1769 .
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be more fatal , whenever , for the purpoſes of me
dicine , corrofive fublimate is diffolved in fpirit

-of wine , or a portion of crude mercury is add
ed to moderate its corrofive quality . Of this

cruel and diabolical fraud mention was made by

the writers of the laft century ; and we are
therefore furpriſed at the ill -judged and much
too late delicacy of Doffie , who thought him
felf not permitted to reveal exprefly the poi
fonous fubftance with which corrofive fublimate

might be adulterated . We fhall have occafion ,

a little futher on , to fay more upon this fub
ject ; a

t prefent we have it in view to fhew , as
far as we are able , in what manner corrofive
mercurial fublimate ought to be prepared in

our laboratories . It must be acknowledged ,

however , that the greater number of methods
for this purpoſe are exceedingly tedious and ex
penfive , and replete with danger . The labour
required to mix three or four fubftances is ex

ceedingly great , and does not fucceed properly ,

except in very large veffels , which , during the
progrefs o

f

the operation , are very often broken .

And add to this confideration , that the vapours

o
f

the nitrous acid are exceedingly noxious , and
frequently produce hemoptyfis , and other dif
orders , in thoſe who infpire them . The danger

is however not of fuch a nature , as that it muft
always attend the preparation o

f

mercurial fub
limate . That method which requires the leaft

labour

"
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labour is no doubt the best . Mercury diffolved
in the nitrous acid precipitates all thoſe falts
containing vitriolic acid . Therefore turpeth

mineral , or vitriolated mercury , can be prepared

at'a very ſmall expence , if vitriol is added to a
nitrous folution ofmercury , or if even the ar
canum duplicatum is employed , which is ob
tained from the diftillers of aquafortis at a very

low rate . In this proceſs there is little ground
for apprehenfion from the vapours of the nitrous
acid , which may be entirely avoided by fepa
rating the vitriolic acid from the mercury by
means of diftillation , (vide § 8. ) . When tur
peth mineral is triturated with common falt, it
throws off afh-coloured vapours , highly offenfive
to the lungs ; but thefe may be borne much

more eaſily than the nitrous vapours , and eſpe
cially if the mixture is made quickly and in
fmall quantity . If the maſs is now expoſed to
the fire , corrofive fublimate of the moſt perfect
kind will be collected in the head of the fublim
ing veffel : The refiduum at the bottom is a
Glauber's falt , which , for the purpoſes ofmedi
cine , muſt ſuffer again the action of fire , in or
der to expel any portion ofmercury that may
be yet adhering to it. It is not neceffary for
this operation to purify the common falt of all
the earthy falts that are combined with it, of
which we have already ſpoken above , (§ 6 ).
Hence it is only required to dry the mixture , fo

as
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as to carry off all the fuperfluous water ; the a
cid is carefully to be preferved and retained .

L

Six. The external Appearance of corrofive mer
curial Sublimate .

CORROSIVE mercurial fublimate is collected

either in the form of elaftic ſmall needles , or a
cryſtalline mafs . On being diffolved again , and

the water afterwards evaporated , it accretes in
to various kinds of cryftals , according to the
difference of particular circumftances . If boil
ing water is faturated with it , and the ſolution
expofed immediately to the cold air , needle- like
cryſtals are produced . If the evaporation is con
ducted gradually , we perceive cryſtals in the
ſhape of cubes or oblique parallelepipeds * . Mo
net defcribes cryftals under yet other appear

ances . But fuch is the nature of falts that each

affects a certain form peculiar to itſelf, as an
architype , unless it

s

courfe is interrupted by the
accidental impulſe o

f

external things * . Cor
rofive mercurial fublimate is governed by the
the fame law . In general , if fufficient fpace is

allowed it , it affumes the form o
f

quadrangular

priſms , with alternate narrower fides , and with
uniform terminations of two inclined planes .

§X.

* Mem . de l'acad . des fciences , 1753 .

* See Differtation on the forms of crystals , Effays , v . ii .
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S X. Its Charater in respect ofAir and Water:

CORROSIVE mercury does not attract moiſture

from the air . For the purpoſe of diffolving it ,
more or lefs water is requifite , according to the
increaſe ofthe temperature ofthe water . Speil
man afferts , that an ounce of water , of the
temperature of 30 degrees of Fahrenheit's ther
mometer can diffolve thirty grains of it * ; hence ,
half an ounce of water at 10 degrees of the
Swediſh thermometer , will take up a fixteenth
part of its own weight . The experiments of
Macquer are fomewhat different from this ; for ,

ifwe follow him in his conclufions , we thall be
lieve , that half an ounce of water , at the tem
perature of 16º , will diffolve a twentieth part ;

and , at the boiling point , even more than a
half of its own weight .
It is , however , to be obſerved , that on mix
ing this falt with warm water , the heat of the
mixture is raiſed beyond the 100th degree of
the Swediſh thermometer , but at the very time
of the folution no change of temperature is ob
ferved . If fal ammoniac is added likewife , we
have no inconfiderable degree of a folution ; al
though Doffie is of a different opinion t . Mac
quer knew by experiment , that three ounces of
water impregnated with fal ammoniac , were ca

pable

* Inft . chem .
+ Laboratory laid open, 1758 .

1
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pable of diffolving five ounces of corrofive mer
cury ; and that , during the folution , the heat
was increafed fix or feven degrees . When the

folution becomes cold , a part of the falt is formed

into crystals ; to prevent which the corrofive
mercury ſhould be added very gradually , and as

each particle diffolves ; and thus all increaſe of
heat will be avoided . Thefe falts once combin
ed in this manner are infeparable by any art ,
and conſtitute a particular compoſition known
by the name of fal alembroth , highly extolled by

the alchemifts ; if we believe Kunkel , Dip
pel, and others, on account of its wonderful

power to diffolve gold and other metals .

$ XI. Corrofive Mercurial Sublimate diffolved
in Spirit of Wine .

AMONG the ancient profeffors of the chemi
cal art, by whom the mixture of corrofive mer
cury and ſpirit of wine had been made , wereck
on R. Lullius , Bafil Valentinus , Salomon Trif
mofinus , and many others . Pott alfo obferved

that this falt was altogether * deliquefcent in
that menftruum ; but a fuller illuftration of it
has been given by Macquer . Half an ounce of
fpirit ofwine , of the temperature of 20 degrees ,
diffolved three -eights of it

s weight o
f

corrofive
mercury , o

r

when o
f
a boiling heat it took up
Y 195

* Diff . de fpirtu falis vinofo , in Obf . Chem . Coll . I.

1

1
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195 lb. Troy, the greateſt part of which concret
ed into cryſtals on the cooling of the ſolution .
Spirit ofwine , ſaturated with fal ammoniac ,

of 20 degrees of temperature , will diffolve dou
ble the quantity of corrofive mercury , or three
fourths of its own weight . Being fet on fire , it
burns at firſt with a flame of the ordinary colour ;

but changes afterwards gradually to a yellow ,
throws off blue ftarry fparks , and at length ex
ploding is extinguiſhed * .

S XII . Diffolved in Mineral Acids.

NEITHER are the mineral acids averfe to an

union with corrofive mercury . The muriatic a
cid diffolves it the moſt readily ; and , if it is em
ployed in confiderable quantity , no cryſtals are
formed ,butwhen ſparingly ufed , needle-like cry
ftals are produced .

The nitrous acid occafions vapours fuch as a
rife from aqua regiat . It is therefore to be con
cluded , that this acid has feized upon fome part

of the mercury . By the means of heat the
whole falt is diffolved ; and , on the evaporation

of the fluid , is formed into cryftals , and fuffers
no alteration either in weight or character .

With

* Macquer in Mem . de l'Acad . de Turin . 1766 .
+ Pott , de Sale communi .
Macquer . 1. c.

"
-
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With the affiftance of heat , the vitriolic acid
is capable of diffolving corrofive mercury ; but
cannot retain it after the folution is become

cold . It is an obfervation of Pott , that the vi
triolic acid occafions a precipitate in the form
of powder from a folution of corrofive mercury ,
which is afterwards re-diffolved on being heated .
Allowing this to be fact , it implies neither a de
compofition of the falt, nor a greater affinity to
mercury in the vitriolic than in the muriatic acid ,

which P. A. Marherr apprehended to be the
cafe . When warm water was poured upon the
precipitate , it was immediately diffolved , leay
ing behind no turpeth mineral . There is no
precipitation therefore of vitriolated mercury ,
but of corrofive or muriated , which had been
deprived of part of it

s

water by the vitriolic acid .

But Pott himſelf found , that common falt occa

fioned a precipitate from the vitriolic folution o
f

mercury , which could not happen unleſs from

a combination of the metal and the muriatic
acid .

-1

Corrofive mercury , prepared in the ordinary

way with vitriol and nitre , gives a yellow colour

to diſtilled vinegar . A red powder is obtained
from the folution by evaporation , which is con

ceived by many to be a mercurial fulphur .

The opinion o
f

Junker , however , that it is a

martial earth fublimed by the violence o
f

the
Y 2 fire .

* Diff . de affinitate corporum Vienn . 1762 .
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fire , is certainly the most probable . For the

fame red powder clearly appears , although the
corrofive mercury be repeatedly fublimed with

the ſame matter , or caput mortuum that remain
ed after it

s

former fublimation , o
r

even though

the proceſs is renewed with vitriol and nitre * .

We are told by Becher , that corrofive mer
curial fublimate diffolved in water , precipitated

'by an alkali , digefted with diftilled vinegar , then

exficcated , and afterwards macerated again and

again by a long digeftion in fpirit o
f

wine , is

refolved after all this labour into a milky liquor

which depofits a fediment , and affumes a
t

laft the
form of a fweet flavoured oil . The truth of this

relation , and the principles on which it refts re
quire the inveſtigation o

f repeated experiments

before they can be eftabliſhed . Pott + howe
ver afferts that corrofive mercury mixed with
triple the quantity o

f

fal ammoniac , expofed to

deliquefcence in the air , and afterwards exficcat

e
d on bibulous paper , yielded by diftillation a

water , which being again diftilled , contracted a

fweet ſmell , and was wonderfully calculated to

diffolve various bodies .

SXIII . Unitedwith alkaline Salts and cauftic Lime .

On the addition of fixed alkali to a folution
of

Confp .Chem .

+ De Sulphure Metallorum . 1716 .
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of corrofive mercury , a red powder is precipi
tated . If the acid is in confiderable quantity ,
the colour of the precipitate will be proportio
nally paler , and will become perfectly white if
the excefs of acid is very great . The ſmalleſt
particle of lixivial falt , although the acid be in a
large proportion , will precipitate fome of the
corrofive mercury , which is however in a fhort

time again diffolved . Peterman is of opinion ,

that the red colour is owing to martial vitriol ;

but Teichmeyer conceives it fhould be attribut
ed to the fulphureous parts of the falts . It is
certain indeed that a red powder can be prepa
red without any vitriol .
Volatile alkali alfo decompofes the ſolution of
corrofive mercury , If it is pure , it precipitates
a white powder ; but , if it is charged with any
fatty fubftance , (as in the vinous fpirit of fal
ammoniac , ) the precipitate is of an aſh-colour t.
From the plogifton in the volatile alkali , it
fometimes happens , that a dark afh-coloured
or black powder is precipitated .
According to Meyer , an ounce of lime -wa
ter is capable of precipitating two grains of cor
rofive mercury of a yellow colour , which , on
being dried , changes gradually to black. This

Y 3 is

* Chemia , 1708 .
+ Zimmerman in Zufatzen zu Neumans Chemifchen Vor
lefungen .

Abhandlung vom ungelöſchten Kalch ,
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is a mild phagedænic water , with two grains
only of corrofive mercury to the ounce . The
fixed alkali produces no effect on it ; but the vo
latile feparates a very fmall portion of a white
powder . The pharmacopoeia of Paris and Straf
burg have both this formula of the aqua pha
gedænica ; but it may be more efficaciouſly pre
pared , if neceffary , when it is exactly known
what quantity of corrofive mercury can be ei
ther diffolved or precipitated by lime -water .

For the purpoſe of determining whether an
alkali is preſent in any fluid , and of what kind
it is , the corrofive mercury may be convenient
ly employed . As foon as a ſmall portion of this
falt is thrown into it , it is tinged according to
the nature of the alkali with a yellow or red co
lour , or is clouded with a white powder ; if it
contains no alkali , it remains unchanged .
An infufion of galls mixed in a folution of
corrofive fublimate renders it thick and black .
The precipitate on being dried affumes the co
lour of umber .

XIV. With Metals .

MOST metals decompofe corrofive mercury .
Stahl has obferved that it deliquefces , ifpow
dered tin or iron are ſprinkled on it, and that
theſe metals are corroded with the muriatic a
cid *. Junker alfo informs us , that if a folution

of
* Spec . Bech . 1703 , 1720.
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of corrofive mercury is boiled in an iron veffel,
the veffel will be affected with its acrimony , and
quickfilver will be collected at the bottom of it.
If copper or brafs is immerſed in the ſolution ,
they are covered with a fhining pellicle of quick

filver . Zinc alfo detaches mercury from the
muriatic acid , and forms with it an amalgam *.
From the combination of various metals with

corrofive mercury , and fubfequent diftillation ,

arife the butters commonly fo called , or thick
fluids , the greateſt part of which is more or leſs
impregnated with metallic matter . Ofthis kind
are the butters produced by the diſtillation of
the ores of lead , tin , biſmuth , zinc † , or regulus of
antimony , with corrofive fublimate . Silver ,

lead ‡ , and copper , effect a ſeparation of the mer
cury from the muriatic acid . The red powder ,

occafioned by expofing equal quantities of cor
rofive mercury and iron to the fire , infpiffating ,

and afterwards fubliming them , as ſeen by Car
diluccius , has been fince demonftrated from the

repeated experiments of Pott ; who however
adds , that he was lefs fuccefsful in his attempt

to aſcertain what had been befides remarked by

Cardiluccius in this procefs , that the refiduum
being expofed to the air, and again fublimed ,

yielded a talcy fubftance ; and that from what
Y4 ftill

* Pott de zinco , in Obff. Coll . II .
+ Pott de fale , & c .
Brand inA& Acad , Succ . 1753 .
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ftill remained , a fnowy -like falt could be extract

ed , by pouring upon it the diftilled acetous a
cid * . I am unwilling to relate any more ex
periments reſpecting the various combinations of
metals with corrofive fublimate , left I ſhould feem
to have forgot the juft limits of this differtation ,

§ xv . The Quantity ofAcid and Mercury in cor
rofive Sublimate , and it

s specific Weight .

CORROSIVE fublimate was held by the ancient

chemifts in great eftimation , chiefly becauſe
they believed that in it were united all the mi
neral acids . Barchufen was very properly o

f o

pinion , that it contained the acid of ſalt only :

The arguments on which he founds this idea
will be related a

s we proceed . Among the
more modern chemifts , Gellert apprehended
that the nitrous , as well as the muriatic acid , en
tered into the compofition o

f

corrofive fubli
mate + . But although , from the different

modes o
f preparing this falt , we do not deny

that it may fometimes be corrupted with the
vitriolic , o

r with the nitrous acid , yet theſe acids
are neither always prefent o

r abfolutely requi
fite , and corrofive fublimate can b

e very well
prepared without the affiftance o

f

either , (§3.4 . )

It appears , therefore , that mercury can be alto
gether

* Pott de fale communi .

+ Metallurgifche chymic , 1755 .
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gether united with the acid of falt alone , of
which the metal can take only a limited quan
tity . From the experiments of Rouelle , it is ma
nifeft , that , neither by a greater proportion of
common falt, re -iterated fublimations with it , or
repeated folution of corrofive mercury in the
muriatic acid , it is poffible to combine an ex
traordinary quantity of the acid with the metal *.

As to the account given by Homberg , of the
liquefaction of corrofive fublimate , charged with
a fuperabundance of acid , and its refemblance
in confiftence to the butter of antimony , we
conceive it is to be explained by the ſolution of
the falt in the excefs of acid .

The acid in corrofive mercury is fo faturated
as to become quite taftelefs . Monf. Rouelle
writes , that a folution of corrofive mercury
changes the ſyrup of violets to a green , but that,
it does not in the leaft affect the tincture of tur
nefol . As often however as I have made the
experiment , either with the falt that I purchaſ
ed , or with fome of it prepared by myſelf, waſh
ed even in the pureft water , I have always feen
it redden the tincture of the turnefol , but it
produces no figns of an acid with the blue ve
getable colours + .

It is not yet fufficiently afcertained what is the
proportion of acid and mercury in the compo

fition ,

* Mem. de l'Acad . des Sc . de Paris , 1754.
Baume afferts the contrary in his Manuel de Chymie .
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fition of corrofive fublimate . Tachenius , whom
I mentioned above with fome commendation ,
afferts , that 280 pounds of mercury will produce

360 pounds of corrofive fublimate ; from which,

if it is true , it follows , that the metal will be
in the proportion of 3 to 1 of the acid . On
the other hand , if we are to believe Lemery ,
who obtained .19 ounces of corrofive fublimate

from 16 ounces ofmercury , the parts of the mix
ture will give a ratio of 5 to 1. Macquer , how
ever, rightly obſerves , that more mercury is loft

if the proceſs is inſtituted with a ſmall than with
a large quantity . Le Mort errs confiderably in
ftating the weight of the acid to be triple that

of the mercury *. The proper weight of this
falt is yet undetermined , as it is variouſly de
fined by different authors . According to Cote
far , the ſpecific gravity of corrofive ſublimate is
to the ſpecific gravity of rain water as 6.325 to
1000 ; while , on the contrary , Mufchenbroek

eſtimates their weights in the proportion of
8000 to I. Hence , then , it appears , that the
bulk of the two ingredients , and especially of
the mercury , is greater when combined toge

ther , than when taken feparately .

S XVI .

* Facies Chem . purif. On a more accurate inveſ
tigation , our author afterwards found , that the proportions

of acid and quickfilver in a centenary were as 24,5 : 75,5 . See
Differt. de miner . docimafia humida , Opufc. v. ii. p . 423 .
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S XVI . Corrofive Sublimate adulterated with Ar
fenic .

I HAVE formerly mentioned the adulteration
of corrofive fublimate with arfenic . Some che

mifts , however , have denied that theſe two ſub
ſtances can be united by fublimation * . Indeed , if
we are to believe Glafer + and Sperling ‡ , we ſhall

be perfuaded , that when arfenic is mixed with

corrofive fublimate , and expofed to the fire , the
acid of the arfenic is expelled , and a butter is
formed ; the mercury , at the fame time freed

from bondage , being reftored to its metallic

ftate . The experiments of Pott §, Gmelin || , and
Spielman ¶, are in direct oppofition to this opi
nion ; in which the combination of mercury and
true arſenic was effected . But in order to re
move all doubts on this fubject , I took three
parts of corrofive fublimate , and two of arfenic ,
and triturating them both together , put themix
ture into a retort , and ſubjected it to a violent
heat . At the end of the process there was no
appearance of any butter ; but all the matter

was

+ Neuman in prælect .
+ Cours de Chemie , 1663 .
Diff. de Arfenico .
§ De Sale comm .
Diff. de fpecif . can . fanandi methodis , Tubing . 1757
Inft Chem .
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was collected in the neck of the veffel . After
breaking the retort , a portion of arfenic and cor
rofive fublimate was found , but fo far feparate

from each other , that they could be diſtinguiſh

ed by the form of their cryſtals . The reft of
the maſs was in powder , and uniform . From
this experiment , therefore , unleſs I am deceiv
ed , it may be concluded , that arfenic and cor
rofive fublimate , in the proportions I have di
rected , can be united by ſublimation , and con
nected in the greateſt part into a folid mafs .
Du Monſtier * , Doffie , and many others af
firm , that the preſence of arfenic is indicated
in the black colour produced by pouring an al
kaline lixivium into a folution of corrofive fub
limate . But ,Barchufen † , and Boulduc , fenior ,

have long afferted , that this experiment is fal
lacious and ill -founded . Gmelin contends , that

a folution of corrofive fublimate adulterated

with arfenic yields , on the addition of the vo
latile alkali , a black precipitate . To me , how
ever , when making this trial , the event did not

ſeem to anſwer my expectation . For in thoſe
particles which were abfolutely under the form
of arfenic and corrofive fublimate , no change of
colour was produced by the ſpirit o

f

fal ammo
niac prepared with quicklime . The remaining

folid

* In annotat . ad Chemiam Glaferi & Le Fevre .

Pyrofophia , 1698 .

Mem . de l'Acad . des Sc . a . 1699 .
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1

folid and uniform mafs affumed a dark and ra
ther an afh colour , but not in the leaſt a black .

But further , I diffolved fophifticated corrofive
fublimate in diftilled water of a boiling heat ;

which folution , when I added to it the cauftic
fpirit of fal ammoniac , depofited thin flakes , and
in a ſhort time afterwards feemed here and there

to become of a green colour . The change of
colour was ſtill leſs when I employed the ſpirit
of hartfhorn . The trial with the volatile alka
li is therefore uncertain ; but we can determine
much more eaſily , and with greater precifion ,

the preſence of arfenic , if a ſmell of garlic is e
mitted from corrofive fublimate ſprinkled upon

burning coals .

Sxvii . White Mercurial Precipitate .

THE white powder depofited in the nitrous
folution ofmercury , on the admixture of com
mon falt or muriatic acid, is named white mer
curial precipitate . By fome it is called cofme
tic mercury , or milk of mercury ; and Potter
gives it the appellation of the calcinatum majus .
Its colour , and the method of ufing and prepa
ring it have given rife to various names , which
were for the moſt part very indiſtinct , and have
been transferred to fubftances of a very different

nature . The preparation of it ſeems to have
been

1
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been known for fome centuries paſt , but we have

no information reſpecting the perſon by whom
it is invented .

XVIII . Modes of Preparation .

THE moft common method is to pour a quan
tityoffalt-water into a nitrous folution ofmercu
ry after which the mixture becomes ftreaked and
cloudy , and a white mucilaginous matter gra

dually fubfides to the bottom of the veffel .
The water is added as long as any thing is pre

cipitated ; afterwards when the white maſs is

collected , the clear liquor is poured off, the re
fiduum is well waſhed in pure water , and being

then incloſed in bibulous paper is dried either

in the air *, or over the fire . The fire employ
ed ſhould however be very moderate , leaft by

too great heat the powder acquire a yellow co
lour +
In this proceſs a double feparation or decom
pofition of the ingredients takes place . The
mercury is ſeparated from the nitrous acid , and
unites with the acid of the common falt , form
ing a falt but little foluble in water ; and the ni
trous acid quits the mercury , and with the mine
ral alkali of the common falt , produces cubic

nitre .

* Barchufen Elem . Chem . 1712 .
+ Maets in Collect . Chem . Leydenf.
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nitre . As the menftruum , however , in which
this mercurial falt is diffolved is not in fufficient
quantity , the falt is tumultuouſly coagulated

and precipitated in the form of a mucilage . In
ftead of common falt , ammoniacal or other falts
containing the muriatic acid may be employed

for this purpofe ; the acid itſelf uncombined

with any fubftance might be uſed with advan
tage , if it were not too expenfive . It is , howe
ver , to be obſerved , that according to Junker ,
Geoffrey , and Pott , the muriatic acid in its ftate

of feparation , precipitates a falt from the nitrous
folution of mercury , poffeffing more folubility
in water *. Freſh urine added to this folution

occafions a mercurial precipitate of a fleſh co
lour ; for which appearance we can readily ac
count , if we confider , that befides common
falt , it contains digeftive and ammoniacal falts .
The red colour is owing to the admixture of
fome extraneous matter . Lemery is of opinion.
that this mercurial precipitate is milder than the

white +.

1

If on the addition of common falt , a faturated
folution of mercury is decompofed , it follows ,
that the nitrous acid feparated from the mercu
ry muſt be either capable of faturating the alka
line falt , or incapable , or in excefs . Which
ever of theſe cafes occurs , may be eafily afcer

tained
1

Macquer diet . de Chemie .

+ Cours de Chemie , 1675 .
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tained by the means of reagents , unleſs nitrated
mercury fhould be rendered turbid by the acid
poured upon it . As I fufpected that this ap
pearance might be owing to a quantity of hete
rogeneous matter mixed with the folution, I en
deavoured to ſeparate it by adding diffolved al
kali , but to little purpoſe ; the cloudy ſtate of
the acid was in no way to be removed , until all

the mercury was firft precipitated .

When a confiderable quantity ofmuriatic a
cid is poured fuddenly upon a nitrous folution of
mercury , inſtead of a white mercurial precipitate
we obtain a corrofive mercury eaſily foluble in
water . Monnet , therefore , very prudently ad
viſes in the preparation ofwhite mercurial pre
cipitate , that both the folution of the mercury ,
and the muriatic acid to be employed , fhould be
well diluted , and the mixture of them ma de
gradually and with caution *.
The precipitate ought to be washed in asmuch
water as will be fufficient to diffolve all the cu
bic nitre combined with it . On the other hand,
if too much water is poured upon the precipi
tate , and fuffered to remain any length of time ,

it is again eaſily diffolved +. White mercurial
precipitate waſhed in warm water , is called by
Mayern manna mercurialis ‡ .

Plummer

Acta Acad . R. Suec. a. 1770 .
Effay for a reformation of the London Pharm .
Malouin Chymie medicinale.
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S

Plummerhas aſcertained by experiments , that
the weight of the white mercurial precipitate ,
when thoroughly exficcated , is fomewhat great

er than that of the mercury employed in the
proceſs *.

7

When no more precipitate is occafioned by
the addition of the folution of common falt, the
liquor poured off does not altogether lofe it

s

cauftic property ; hence , therefore , it is fuppof

ed to poffefs the virtue o
f removing ſpots and

freckles on the face . If it ismixed with the wa
ter ofroſes , lillies , and beans , & c . it becomes mil
ky , and is reckoned among the remedies for af
fections ofthe face ; and has on that accountob
tained the name o

f

cofmetic mercury t . Its a
crid quality ariſes from the mercury diffolved in

it , which may be collected in a copious fediment
by pouring into it fixed o

r

volatile alkali . This

circumſtance has been already obferved by

Barchufen ; and if we are to give credit to

Junker , ſcarce one -fourth is precipitated , when
equal weights o

f

common falt and mercury are

taken for this preparation § . The fact has been
frequently remarked , and the feveral pharma

copoeias have , in confequence o
f
it , adopted the

practice o
f mixing the fpirit of fal ammoniad

Z with

* Obfervations ofthe Society at Edinburgh , Vol . I¿

I. T. Cartheufer in Pharmacia .

Elem . Chym .

Confp . Chemia .
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with the liquor , whenever it is no longer affected
by the folution of common falt . In this man
ner a white powder is precipitated , which ac
cording to Junker * is equal to half the quantity

of the mercury employed in the folution . The

authors of the Edinburgh pharmacopoeia direct
the white mercurial precipitate to be prepared
by diffolving corrofive fublimate in water and
adding fpirit of fal ammoniac to the folution.
The London pharmacopoeia , following the ex
ample of Lemery +, order corrofive mercury
and nitre to be feparately diffolved in four times

their quantity ofwater , the folution to be fil
tered , and fixed alkali to be afterwards added
to it . By this method , a white powder is pro
cured equal to three-fourths of the weight of the
corrofive mercury § . Sal ammoniac does not
render corrofive mercury milder only, but it
gives a whiter colour likewiſe to the precipi

tate . If the precipitation is made with urine ,
and the ſpirit of fal ammoniac is afterwards
poured upon it, the black mercurial precipitate

of Lemery is the produce of that mixture .
From what we have already ſaid it muſt be e

vident ,

* L. c.
Cours de Chemie .

Which however cannot be done, unleſs ſal ammoniac i
added .

Doffie ,Laboratory laid open .
Hiaerne Tent . Chym. T. II .
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vident , that things of a different nature have been
expreffed under the fame name ; an error by

no means unattended with danger . For it may
happen , that inſtead of the white mercurial pre
cipitate which a phyfician fhall have ordered
for his patient , mercurial calx , mercurial falt ,

or a mixture of both may be adminftered . Thefe

fubftances , though they agree in form and ex
ternal appearance , yet in their properties and ef
ficacy they are in no way fimilar .- For , if we
add the muriatic acid or common falt to a ni
trous folution ofmercury , we fhall obtain a ge
nuine mercurial falt ; but , if we take the volatile
alkali , a mercurial calx will be precipitated , from
which all the acid can be washed away by wa
ter . Some writers have diſtinguiſhed this calx
by particular names . Teichmeyer calls it, tur
pethum album * , and in the first editions of the

London pharmacopoeia it is deſcribed under the
appellation of mercurius precipitatus dulcis . It is
altogether milder than the white precipitate ,

and lefs volatile . Doffie contends , that white

mercurial precipitate fhould be prepared by
mixing fixed alkali with a folution of corrofive
mercury . There is no doubt , that in this way

a white matter is often precipitated ; but Doffie
did not know that it never happened unleſs old
alkali , and fuch as had abſorbed the aerial acid ,,

was employed .

* Inftit . Chym .

Za As
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As water diffolves fometimes more , fometimes
lefs, of the white precipitate , it may be yet a
queſtion , whether the muriatic or the nitrous
acid is united with the mercury in the compofi
tion ofmercurium cofmeticum . Although , in
deed , I do not deny that fome portion ofmuria
tie acid exiſts in it , as the mode of preparing it
feems to indicate , yet I cannot help thinking ,
that the nitrous acid has the greater influence

on its character , and is chiefly inftrumental to its

production . For ifwe add a few drops of nitrat
edmercury to a folution ofgum arabic , the liquor
becomes immediately milky , and very ſeldom
recovers its tranſparency though ſtill more ni
trated mercury fhould be added . This milky
colour , however , I have never feen when the
experiment was made with corrofive mercury .
Having fhewn above , that coſmetic mercury af
fumes the appearance ofmilk when mixed with
diftilled water , we infer , that this change of co
lour is occafioned by the nitrated mercury , fome
part ofwhich is deſtroyed by the acceffion ofthe
mucilaginous matter .

We have now only further to obferve on this
part of our fubject , that the method of prepar
ing white mercurial precipitate , as propoſed by

an anonymous writer , is yet to be noticed .
He afferts , that from the mixture of corrofive
mercury with a certain weight of crude mer
eury, a falt is obtained by the application of

heat
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heat in al
l

refpects fimilar to white precipitate * .

Whether the experiment has been made by a

ny other perſon , I am altogether ignorant .

S XIX . White mercurial Precipitate diffolved in

Water .
Ir is not yet fufficiently afcertained what
weight ofwhite mercurial precipitate can be dif
folved in a given quantity o

f
water . The quef

tion is even difficult to be determined ; as from

the various proportion of the acid in this falt ,

its folution in water is either affifted or impeded .

The time and manner alfo of the folution are
principle objects o

f

confideration . For in that
moment when the acid first acts upon the mer
cury , the falt fo produced is eafily foluble in wa
ter ; but , ifthe precipitate is collected in the
form of a coagulum , its affinity with that fluid

is much diminiſhed . Sal ammoniac affords con
fiderable affiftance to the folution , whether it

be made in water or in ſpirit o
f

wine .

The difficulty o
f

the folution prevents the
white precipitate from forming into larger cry
ftals , with the true form o

f

which we are there
fore yet unacquainted .

Z3

* Eſſay for a reformation ofthe London Pharm

6 XX .

�
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S xx . The Quantity of Acid contained in
white Mercurial Precipitate .

MANY circumftances tend to prove that the
white mercurial precipitate contains lefs acid

than the corrofive . It is , in the firſt place , of
more difficult folution , of a milder nature , and

receives a darker colour from lime water and ſpi
rit of fal ammoniac . According to their ſeveral
conditions it is varioufly affected by acids and by

mercury ; which is by no means furpriſing , as all
mercurial falts , differing from corrofive fubli
mate and ſweet mercury , and holding a place

between them, are commonly expreffed under
the name ofwhite mercurial precipitate ,

S XXI . Adulteration of white Mercurial Pre
cipitate.

It is not uncommon to meet with this falt in
a ftateof adulteration . This is fometimes effected
by a mixture of white lead ; for the diſcovery of
which fraud Doffie has inftituted an experiment * ,
He directs a fourth part of a lixivial falt to bemix
ed with the mercurial precipitate , the whole to be
expoſed to the fire , until the mercury riſes un
der the appearance of fmoke . If lead is found
in the crucible , the fraud is beyond a doubt ; if

not,

* Laboratory laid open .
1
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not, the matter remaining will be a digeftive falt
ſoluble in water ; and ſhould no part of the re
fiduum admit of folution , the adulteration is
made with white clay . White precipitate is a
dulterated with ftarch alſo . The marks of this

kind of fophiftication confift in the levity of the
fubftance remaining , and the carbonaceous maſs

left after ignition .

S XXII . Sweet Mercury.

MERCURY prefents itſelf under another form
of combination , with the muriatic acid , ' to
which the name ofmercurius dulcis has been
generally applied . This falt was formerly in pof
feffion of various appellations , as fublimatum dul
ce, aquila alba, aquila mitigata , manna metal

lorum , Panchymogogum minerale , and ſeveral

others . The art of preparing it was , ſo late as
the beginning ofthe feventeenth century reckon
ed a myſtery . Ofwald Croll feems fufficiently

cautious when ſpeaking on this ſubject . He fays
" Sunt duo fecretiffimi modi tractandi mercuri
46 um pro medicina corporis . In fecundo
" mortificantur corrofivi fpiritus vitrioli et falis
“ in mercurio fublimato , e quo miro et fimplici
" artificio homogeneo fit pulvis cryftallinus plane
infipidus * . " That mercurius dulcis is meant

in this paffage I have not the leaſt difficulty to

24 believe .

66

Bafilica Chem . 1608 .
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believe . But it was to little purpoſe to have obfer
ved fo obftinate a filence ; for in the fame year in
whichCrollwrote this , J. Beguin publiſhed awork
at Paris , entited Tirocinium Chemicum , where the
whole compofition of this medicine (Draco mitiga
tus) is defcribed in plain terms . Soon afterwards
its fame encreaſed more and more , and it was call
ed at that time by the name of Panchymagogus
Quercetanus *.- Neumann condemns the nameof
mercurius fublimatus dulcis as liable to occafion
dangerous errors , and prefers the appellation of
mercurius dulcis fimply . At London , however , the
name of mercurius dulcis fublimatus ftill obtains.

1

§ XXIII . Methods of preparing it.

THE ancient chemifts , in all the pomp and
metaphor of language in which they ſo much
delighted , boafted , " that they had tamed the
" fierce ferpent and reduced the dragon to fuch
fubjection as to oblige him to devour his own
" tail ;" while they were doing that only, which
we , in lefs affected terms, call foftening and a
bating the acrimony of corrofive mercury . All
however , are agreed that this change is produc

ed by the further mixture of crude with corro
five mercury ; but different fentiments are held
with refpect to the method of doing it . Some
triturate as much crude mercury as the corrofive

mercury

66

* In honour of Jof. du Chefne , a celebrated chemiſt ,*
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mercury is capable to extinguiſh , and others de
fine accurately the weight of mercury to be em
ployed . Were the form and quantity ofcorro
five mercury always the fame , and equal pains

beſtowed , it would be of little confequence
which of themethods was preferred ; but as this
is by no means the cafe , more circumfpection
becomes abfolutely neceffary . Lemery , indeed ,

in other reſpects moſt attentive to determine
weights and proportions , contends , that corro
five cannot enter into combination with more

crude mercury than three-fourths of it
s weight .

The authors ofthe London and Edinburgh Phar
macopoeias deliver the fame opinion . Imuft own ,
however , that for the reaſons already adduced ,

I confider it much fafer to employ crude mercu

ry in exceſs than in too fmall proportion ; efpe
cially as the fuperabundant mercury may be
faved with very little additional trouble . If
white mercurial precipitate is taken , a ſmall , and
fometimes no addition o

f

crude mercury is requir

ed . According to Lemery , fublimation alone

will be fufficient ; and Neumann had fo little
doubt that white mercurial precipitate ftood in

no need of crude mercury , that he pronounces it

to be already perfectly fimilar to mercurius dul
cis . This opinion is not without fome appear

ance of truth , efpecially a
s J. F. Cartheufer *

has obſerved , that white mercurial precipitate ,

Elem . Chem .

not
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not fubdued by fublimation , is the fame in effica
cy and folubility with the fweet mercury pre
pared in the common manner .

rator .

The mixture on which we are now treating ,
ought neither to be made in metallic nor marble

mortars , as they are corroded by the mercurial

fublimate ; but mortars of glafs are to be em
ployed for this purpoſe . Great care is at the
fame time to be taken that the dry powder does
not enter into the throat and lungs of the ope

In order to diminiſh the danger ofwhich ,

the maſs ought generally to be moiſtened , and
the mouth and noftrils of the perfon engaged in
the trituration covered with a cloth . When the

mercury is thoroughly extinguiſhed or divided

into the ſmalleſt globules , the mixture affumes
an obfcure or afh-like colour . This mechanical
proceſs is not a little forwarded by digeſtion ;

but it is not altogether adequate to fubdue the
acrimony of the corrofive mercury .-An inti
mate combination of the two ſubſtances is requir

ed , and which is generally produced by the
means offire .
Sublimation is performed in an alembic , or (as
Stahl adviſes ) , in a retort large enough to con
tain a fufficient quantity ofmercury , that none
of it may be wafted . Following G. Rothius ,
J. F. Cartheufer properly directs , that the alem
bic fhould be covered with fand up to the very

neck , in order that the mercury , and more a
erid

1
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crid particles of the fublimate , rifing with a lefs
degree of heat , may be collected in the fummit
of the veffel ; from which circumftance a va
cant ſpace of fome inches in length is left in
the neck for the pure mercurius dulcis , when
it is raifed with an encreaſed degree of heat . If
a coated veffel is expofed to an open fire , the
upper portion ofthe neck muſt be left uncover
ed for feveral inches .

The fire is to be gradually augmented , until
it be ſomewhat more powerful than in the pre
paration of corrofive fublimate . If it is too
ftrong , Wilfon tells us , the ſweet mercury turns
black , and retains this appearance with fuch
obftinacy , that fublimation alone repeated can
fcarce remove it , unless it is feveral times rub
bed with common falt *.
The veffels being broken and opened , befides

the ſweet mercury , a yellow or afh-coloured
powder is found in the receiver ; a fewgrains of
which we are told by Vogel are fufficient to kill
a dog . This is the corrofive mercury not ren
dered mild by fublimation . At the bottom of
the veffel is found a dry and inert maſs , ſome
times of a reddifh colour , which I apprehend
to be the refiduum only of the extraneous mat
teradherent in the corrofive mercury ; although

Junker confiders it as fomething of a peculiar na
ture .

*Wilfon's courſe of chemiſtry , 1699,
+ Inftit . Chem .
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ture . The yellow or afh-coloured powder men
tioned above , ifmixed with a fufficient quantity
of crude mercury , and again fublimed , can be
converted into ſweet mercury ; it is therefore by
no means to be thrown afide as ufelefs , as is com
monly done , on the authority of pharmaceuti

cal writings .

The firſt proceſs being ended , many chemiſts
direct the afh -coloured powder to be feparated ,

and the ſolid faline mafs , either alone , or mixed
with asmuch crude mercury as it can extinguiſh ,

to be again and even feveral times fublimed . In .
this way they at laft judge it to be properly called

mercurius dulcis . In our laboratories , however,
the fublimation is feldom repeated more than
twice . The French reckon frequent fublima
tions of great importance ; and after three are
made with addition of crude mercury and three
without it , they name that calomel or calomelas
which is obtained by the laſt fublimation . This
appellation is however fufficiently abfurd , and

criticiſed by many +; with us it is commonly giv
en to the mercurius dulcis , which is produced
by the firſt fublimation . La Brune has gone
yet further , and added greatly to the labour of
this preparation , in fubliming fweet mercury

nine

* Confp . Chem .
See Lewis's notes upon Wilfon's Courſe of Chemiſtry ,

$735 . and the author of the book : Eſſay for a reformation
of the London Pharmacopoeia.



WITH THE MARINE ACID . 365

nine times, and then digefting it with fpirit of
wine impregnated with aromatics .—Mercurius
dulcis prepared in this manner is commonly

known by the name ofpanacea mercurialis * .

•

SXXIV . In what Way the ancient Chemifis
proceeded in respect to fweet Mercury.

SWEET mercury is prepared in the preſent
age by a proceſs far more ready and fimple than
it was formerly . Beguin mixed corrofive mercury
with crude mercury , and vitriol of Mars calcined

to rednefs , and then proceeded to fublimation .

The vitriol could not affift in fubduing the acri
mony of the corrofive mercury , but would ra
ther tend to adulterate the fweet mercury with
martial earth and vitriolic acid . How Croll con

ducted this operation we know not ; he probably

employed a fimpler method , as he calls it artifi
cium homogeneum . Compofitions of fweet mercu
ry with various metals , which are now obſolete ,

were in high eftimation among the ancient
chemiſts. I do not chufe to difpute that fome
uſeful medicines may be produced by fuch a
mixture ; but it is incontrovertible that the ſweet

mercury is more or lefs changed by it . Schroeder
fays , that having fublimed ſweet mercury which
had been mixed and triturated with laminated

filver , he found no veftige of filver in the refi
duum

Malouin Chemie medicinale .
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duum ; and that therefore what was fublimed
might properly be called lunar fweet mercu
ry *.- It is well known that volatile fubftances
often lend wings , even to fuch as otherwife are
very fixed , and bear a great degree of heat ;
therefore even this is not to be wondered at ,

that ſweet mercury fhould raiſe along with it
cupels of glafs , and even large ones † .

§ xxv. Phyfical Qualities offweet Mercury .

THE fweet mercury commonly fold in the
fhops is folid , cryftalline , and of a white colour ;

which however forthe most part is yellowiſh in
wardly and in its fractures . It is fimilar to the
flowers ofbenzoin which are brought from China .
Its proper weight is diminiſhed by every fubli
mation . According to Muſchenbroek ‡ , on it

s
fecond fublimation , it is as 12.353 ; on its third ,

a
s 8.82 ; on its fourth , as 8.236 . Hence it ap

pears , that our falt , having often borne the force

of the fire , by degrees encreaſes in volume , and
approaches to the weight of corrofive mercury ;

to which otherwife it is very diffimilar . It may
be fufpected by fome , that the acid is diminiſh
ed , and that the refiduum enters into a more in
timate combination by repeated fublimations ;

* Scroeder Pharmacia . 1641 .

+ Baume Manuel de Chemie .

Introd . in Philof . Natur .

◄

but

{
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but when , by thefe alone , corrofive cannot be
converted into fweet mercury , it is very plain ,
that the addition of quick -filver is neceffary ;
unleſs it is contended , that , by fublimations
in a greater number than what have hitherto

been attempted , corrofive may be changed into

fweet mercury . There is , no doubt , a certain
mutual relation in the weight of the acid and
of the quick -filver, which has not hitherto been
accurately defined ; although Lemery by his
experiments feems to evince that the ratio is

as 1 to 6 .
Sweet mercury held in the fun, is, in afhort
time tinged with an obfcure colour * . In the dark ;
too, as obferved by Scheele , it fhines if rubbed ;
which property , however it loſes , by repeated

fublimations . By this means, therefore , it may
be found out how often it has been fublimed .

What is commonly faid , that gold is not
made pale by friction with fweet mercury , is
true ; but by this experiment , however , the
perfection of this falt cannot be known ; for e
ven by corrofive mercury , if well prepared , the
colour of gold is not changed . But fince , by
the addition of too much quick-filver , it con
tains , after the firft fublimation , many metallic
globules ; and that gold rubbed with it may by

this means be whitened , from hence this vulgar
error

"

Neuman . Præl . Chem .
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error has taken it
s

rife , that corrofive mercury

can change the colour o
fgold .

S XXVI . Sweet Mercury diffolved b
y

various
Fluids .

SWEET mercury has hardly any taſte , as it is

with difficulty diffolved by water . From the ex
periments of Roffele it appears , that even with
the affiſtance of trituration and boiling , 2 ounces

o
f

water only diffolves a fingle grain o
f

ſweet
mercury ; that is , one part only by 1152 of wa
ter .-The fyrup of violets is made green by this
folution . The fame folution is disturbed by fix
ed alkali ; but much more by the volatile alka

li , which gives it the colour of an opal . There

is , however , no effervefcence produced , and af
ter a day , there is hardly any precipitation * :
Since corrofive mercury is much more foluble

in water , itmay be eaſily known , by the expe
riment propoſed by Cartheufert , whether
fweet mercury is free from the acid o

r

not , viz .

if , after pounding it grofsly , it ismacerated in

warm water for an hour . But it is better , how

ever , to make uſe o
f

the ſpirit o
f

wine , which
diffolves the corrofive mercury eaſier than wa
ter , but the ſweet not at all .

The colour ofmercurius dulcis is obfcured by
lime

* Mem . de l'Acad . des So. de Paris , a . 1754 :

+ El . Chym .

6

1
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Lime -water ,ſpirit of fal ammoniac , or even a folu
tion of lixiviated falt found upon it . This pheno

menon is commonly thought to depend on the
perfect dulcification of the mercury . But the
alteration is the fame , when white precipitate is
ufed .

Some affert that three parts of oil of olives ,and
one of ſweet mercury , ifboiled together , diffolve
and form a fort of balfam .

SXXVII . Process for preparing Corrofive Mercury
from fweet Mercury .

FEW have tried to prepare corrofive from fweet
mercury . Scheffer of the Swediſh Academy
made fome experiments with this view : and his
papers , in which , among other things , I found a
detail of thofe experiments , were , after the au
thor's death , put into my hands by the illuftrious
Patrick Alftrorer . Alftromer was induced , by
Scheffer's example , to attempt the folution of fweet
mercury in the marine acid ; 'but the experiment

was unfuccefsful . Sweet mercury macerated

with that acid , and reduced to a powder , was in
deed altered , and affumed a dirty colour on the
furface , but retained itsmild character unchang

ed. Nay , though fublimated three times fuc
ceffively , with the addition ofequal quantities of
common falt and vitriol calcined to whiteness , it

ftillA a
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;

ftill remained the fame . Nor was its nature al
tered by adding a quantity of nitrous acid fuf
ficient for the folution of the quickmercury con
tained in it, ſeparating that nitrous acid bydiftil
lation , and fublimating the refiduum withan equal
quantity of common falt. But corrofive mercury
was obtained by adding for every part of ſweet
mercury , one of common falt , and two of vitriol
not calcined , and fublimating the mixture . To
render the event of the experiments the more
certain , a quantity of fweet mercury was pre
pared , from running mercury by the ordinary
procefs , and again converted into corrofive . From
thefe facts it follows , that corrofive fublimate may
be prepared without nitrous acid , and that the

fubftances act upon each other with a greater
reciprocal force in a humid mixture than in the
dry way .

XXVIII . How happens it that the corrofiveforce
offalited Mercury is not always the fame ?

AFTER confidering the various combinations

ofmercury with the acid of falt, we are led to
enquire to what cauſe the diverſities in their cha
racter can be owing . The ancients imagined
that the acrid power of corrofive fublimate wasde
rived from the influence of the vitrolic acid ; as
it was plain , that the mercury , confifting as it

did,
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did , of fmall globules could have no fuch quali
ty. Some even afcribed to the nitrous acid a
part ofthe peculiar qualities ofcorrofive fublimate .
Barchufen was one of the first who exploded
thefe opinions as erroneous. The mineral acids ,

he obferved , the greater their ſpecific gravity ,
are fo much the lefs volatile , and the arcanum

corallinum , which , in his opinion , is produced
from vitriolic acid , ought to be equally white
and corrofive as fublimated mercury , were it true
that this preparation owes itswhiteneſs and other
peculiar qualities to the vitriolic acid . Although

theſe arguments be not very conclufive , yet
what Barchufen wiſhes to evince is certain ,-that
corrofive fublimate is compofed folely by the com
bination ofmercury with the marine acid . It
has been already proved , that in corrofive fubli
mate there exiſts an excefs , in white precipitate

amoderate portion , and in fweet mercury a ftill
fmaller quantity ofmarine acid . And fince the
corrofive powers o

f

theſe falts vary nearly in the
fame order , it is natural to attribute their acrid
quality to that acid . But upon a more accurate
examination , the caufe appears inadequate to

the effect . A drachm of acid of falt , if diluted in

a due quantity of water , may be drunk with
fafety : but even half a drachm of corrofive fubli
mate , although diluted in the fame quantity o

f

water , proves a mortal poiſon . Befides in the .

compound falt , the acid is intermixed with
A a 2 three
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three times it
s weight o
fmercury , and fo quali

fied , that its preſence cannot be detected either
by tafte , or by the influence of reagents . In
ftead o

f attracting moisture with any confider
able force , it does not diffolve in water without
difficulty . Thefe circumftances , a

s they all a

gree to prove the intimacy o
f

the combination

between the acid and the mineral ; fo , inſtead of
explaining , they rather concur to conceal more
entirely the cauſe to which the mercury owes

it
s

corrofive powers , Yet , I cannot avoid praifing
the ingenuity o

fMacquer , who , though he does
not altogether remove the difficulty , yet pro
poſes a plaufible and natural theory * . Nature ,

fays h
e , has difpofed all bodies to a mutual uni

This natural tendency is commonly called
affinity o

r

attractive force . Upon the heavenly

bodies it operates even at immenſe diſtances ; but
on earth it acts between bodies , only when they
are brought clofe together . Befides , the mutu

a
l

attractions o
f

terreftrial bodies are not regu
lated merely by bulk and diftance . The modes
and the degrees o

f

chemical affinity are very va
rious . Some bodies even refufe to combine :

and this may happen , when the parts ofany one
of two bodies have a greater tendency to adhere
together than to enter into combination with

the parts o
f

the other . Mercury and the ma
rine acid afford an inftance ; in their natural

ftate

* Dictionary o
f

Chemistry .

"
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ftate they refuſe to unite ; but deftroy the cohe

fion of their parts , and they combine without
difficulty ; for the acid diffolves the mercury
when either converted into vapour or precipita
ted from a nitrous folution . Mercury is given
by itſelf as a medicine , with fafety , and its effica
cy then depends folely upon its own operation :
but , again , when it is joined with the marine
acid , the parts being no longer in contact with

each other ,the attractive force by which they were

united , operates in a new direction , and carries
them , with a violent impulfe , upon the bodies
to which they are moft contiguous . Hence the
corrofive force of the fublimated mercury , which

in proportion to it
s fuperior gravity , is more vio

lent in its action than other poiſons . But , when
mercury is combined in a larger proportion with

the fame quantity o
f

marine acid , the particles

o
f

the metal approach nearer to each other ;

and their power o
f

producing changes upon o

ther bodies is thereby gradually diminiſhed , till
they become at length almoft incapable o

foper
ating a

s reagents . Sweet mercury is the re
fult .

§ XXIX . The various Ufes o
f

Mercurial Salts .

THE mercurial falts above deſcribed are uſe

ful , not only as medicines , but likewife in the
arts . Kunkel beftows lavish praiſes on that

A a 3 mercury
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mercury which is obtained by diftillation from
white precipitated mercury , with a mixture of
irọn filings , or fixed alkali . But I cannot think
this to poffefs any higher virtues than other pure

quickfilver. Gold that has contracted an unna
tural hardneſs and brittleneſs , by intermixture
with other metals, or by the action of their va
pour , recovers its natural ductility , if it be melt
ed, and a quantity of corrofive fublimate caft
upon it ; for the marine acid having a greater
affinity with moſt of the other metals than with
quickfilver or gold , forfakes the quickfilver with
which it was united in the corrofive fublimate ,

and attracts them from the gold . In this pro
cefs care muſt be taken , that the operator fuf
fer no inconvenience from the vapours which a
rife from the corrofive fublimate diffolved by the
heat of the fire , the pure mercury , and the ex
traneous metals feparated from the gold .

This mode of purifying gold is preferable to
the process by deflagration with nitre ; for the
deflagration of the nitre ſeparates not only the
bafer metals , but even filver from gold . It is of
importance to obſerve , that corrofive fublimate

may be employed to preferve metals that are
mixed and fufed with zinc, from contracting any

undue rigidity . Upon this principle , according
to Neuman, workers in braſs throw falt on the

metal in fufion, to render it fofter and more duc
tile.

Corrofiva
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Corrofive fublimate and white precipitate are

ufed in printing cotton , to make the cloth receive

the colours , eſpecially red , and to make them

fpread equally upon the ground . It is a general ,
though needlefs practice , to add corrofive fubli
mate, as one of the ingredients , to the prepara
tion for dyeing black filk . Chemiſts , too , fre
quently ufe corrofive fublimate in examining wa
ters ; in preparing butter from antimony , and

other metals ; as alfo in the preparation of fal
Alembroth .

A a 4 PROCESS



PROCESS
FOR

BURNING BRICK S.

Artium magifter ufus .
COLUMELLA.

§ 1. Circumstances which fuggefted the following
Experiments, and the Defign of communicat
ing them .

I HAVE long obferved the mode of making
bricks commonly practifed , to be in many par
ticulars injudicious , and fufceptible ofgreat im
provements . The Academy at Upfal , fome
years ago, impofed on me a tafk which gave

mean occafion for aftricter enquiry into thismat
ter. I was enjoined by that body to examine
feveral different forts of clay uſed in making
bricks in the works under their direction . The
experiments which I then inftituted , confirmed
my conjectures : And I now communicate them

with the greater confidence , becauſe this art,
notwithſtanding

1
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hotwithſtanding it
s utility and importance has

been hitherto neglected by chemiſts .

$ 11 . The different Sorts o
f

Bricks .

MANY are o
f opinion that bricks , fuch a
s are

made a
t prefent are too porous aud fpungy , and

are much inferior to the bricks of the ancients .

I myſelf have ſeen brick -walls crumble down
within a few years after they were erected ; yet

it is not uncommon to fee a brick -wall retain all

its original firmnefs and folidity after having

ftood a century o
r

two . I mean not , however ,

to fpeak here o
f

bricks for building common
walls . Theſe muſt be very bad indeed , if they
will not laft for a number o

fyears when properly

cemented and plaiſtered ; and this latter circum
ſtance Iam to confider at length elſewhere . But
for chimnies andother parts o

fbuildings o
f

which

the materials are required to be folid ,bricks or tiles

ought to be prepared by the proceſs o
f

which I

am about to give a detail . Care must first be

taken , however , to have the roof formed of du

rable materials , as a protection from the weather
and from accidents . Wooden roofs are very im
proper , they are very liable to catch fire , and
they occafion the woods to be cut down before
reaching their full growth . Turf is no leſs un
fuitable ; the uſe of it caufes the meadows to

be ravaged , and befides , other materials are ne
ceffary
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ceffary to fix the turfs together . Plates of any
metal are both too expenfive , and require to
be covered with wood , and yet are no fecurity
againſt fire . The uſe of flate for roofing houſes ,
although it may be found in Sweden , is almoft
entirely unknown to my countrymen . Tiles there
fore are the only proper materials that remain
for us to uſe . And it is eafy to fee of what con
fequence it is to have them compact and folid .

§ III. The ordinary Faults ofTiles .

SOFTNESS is the greateſt fault of tiles . I have
feen tiles burnt in the beſt brick kilns in Sweden ,

which on a roofof 30 degrees of inclination ab
forbed water like a ſponge . The water retained in
the pores of tiles is congealed in winter , and the
expanſion of the ice fplits and ſhatters the tiles,

fo as to render them in a fhort time abfolutely
ufelefs . To keep out the water , tiles are in fome
places incruſted with a thin covering ofvitreous
matter ; which adds confiderably to the ex
pence . But , if tiles were more thoroughly burnt
on the furface , fo as to be nearly reduced to fu
fion , they might , in my opinion , be rendered

fo hard as to abſorb very little moiſture , and to
be almoft entirely proof againſt the influence of
froft . But , before faying more on this head,
I must enter into a more accurate examination
of the nature both of pure and common clay .

I

§ IV.
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S IV. Pure Clay.

I KNOW not that pure clay is liable to fufion ,
by any intenſity ofheat , unleſs perhaps by that
of the burning glaſs . D'Arcet found it to un
dergo no change in the heat of a porcelain fur
nace. In the fire , however it becomes ſo hard
as to give fire with fteel . This is owing to the
increaſe of its denfity , for it lofes almoſt one half
of its bulk .

Pure clay is not fufible with quicklime , in a
ny proportion . But the addition of even the
fmalleft quantity of filiceous matter brings the
mafs to fufion. And the fufion takes place very

readily if to one part of pure clay , and one of
lime , two or three parts of filiceous earth be ad

ded ; a larger proportion of filiceous matter is un
favourable to the fufion of the mixture ; and
the addition of five parts renders it almoft infu
fible. A mixture of equal parts of clay and lime
fuffers one half lefs diminution in bulk than the

fame quantity of pure clay would fuffer . But,
if in the mixture , the clay be only in the pro
portion of one to five , or one to fix, it produces
fcarce any alteration on the character of the
lime . Clay is not fufible with pure quartz ;

but, according to Pott , it melts without great
difficulty with fluor mineral . Feldfpath , or
feintillating fpar , often fufes by itself in the fire ,

and ,
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and even affifts the fufion of clay . The Petun

tfe of the Chineſe , uſed in making their porce
lain, is a mixture of this latter fort ; and it is by

this means that they reduce their clay to fu
fion :

Sv. Common Clay.

CLAY of various degrees of purity is found in
many places on the furface of the earth , but
fcarce any where in perfect purity . For fuch

of the common clays as have been examined ,

have been found to contain a large proportion ,

fometimes no leſs than feventy in an hundred
parts of filicious fand . Waſhing , indeed , de
taches the fand , but a very fubtile filiceous duft

ftill remains , and cannot be ſeparated unlefs by
the folution of the clay. Hence it appears ,
why the mixture of clay and lime commonly

known by the name of marl , is fufible in the
fire . It is thought to be the lime that oc
cafions the fufion , whereas it is the filiceous
earth .

The Swediſh clays are fufible without lime ;

but the reafon of this cannot be preciſely ex
plained . Some have thought that the iron in
the Swediſh clay promotes its fufion . But
Rinmann diſcovered by a ſeries of experiments ,
that clays contaminated with a large propor
tion of iron , are more refractory than thofe in

which
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which there appears no indication of the pre

fence of this metal . Perhaps the true reafon
is to be looked for in the fand intermixed , which
may be often ſuſpected to contain many par
ticles of fcintillating fpar. I fufpect alfo ,
that it fometimes participates of the nature of
gypfum or fluor mineral . One thing certain ,

is, that vitriolic acid is almoſt always intermix

ed with the clay and hence the fulphureous

fmell that is always felt in the neighbourhood

of brick -kilns . And , if lime be intermixed
with the clay , it muſt unavoidably abſorb the
acid for which reafon an examination with

acids will always be found fallacious .
If the iron be combined with vitriolic acid ,
the colour appears in the burning . For as the
violence of the fire increaſes, it affumes firſt a
yellow colour , then a red , then a dark grey ,

and at length a deep black. The colour is

darker or lighter in proportion as the quantity .
of iron intermixed is greater or lefs . If the
burning does not expel the whole of the vitrio
lic acid , the acid often attracts moisture from

the air , and efflorefces in the form of alum ,

Svi. How Bricks fhould be formed and burnt .

BRICKS Confiſt univerſally of clay and filice
ous earth . The clay renders the mafs ductile ,

and fufceptible of induration . But as clay , by
W

itſelf,

1

7
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itſelf, is contracted and cracked , as well as

hardened by the action of fire , an intermix
ture offand is therefore requifite , which , as it is
expanded by heat , and diminiſhes the quantity .
of the clay , muſt render the whole brick leſs
liable to contract . But we muft beware of add
ing too much fand , as that would be unfavour

able to the denfity and folidity of the mafs .
In making bricks , therefore , as much fand
ought to be intermixed as may be neceffary to

prevent the bricks from drying and cracking ;

unleſs particular circumſtances may recommend

a different proportion , ofwhich hereafter . Na
ture , in many places, prefents clay with fuch a
mixture offand , that no addition whatever is re
quifite . And as it is no eaſy talk to mix clay

and fand in the due proportions , that where the

mixture has been performed by the hand of na
ture ought always to be preferred . Art cannot
imitate the perfection in which nature intermixes
theſe two ſubſtances , but produces a rude une
qual mafs , which is variouſly affected by the ac
tion of fire , and is liable to have its denſity great

ly impaired . But when an artificial mixture is

to be made , the fand ought to be chofen fine , and
confifting o

f

minute particles rather than thick ,

and contaminated with earth , and to be painful
lymixed with the clay .

The heat muſt be fufficiently intenſe to melt
the bricks on the furface . This renders them fo

compact
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compact as to exclude water . But if too great
violence of fire be applied , there will be danger

that the bricks , eſpecially in the loweſt and the
middle ftratum , be either entirely melted , or at
leaſt, run together .

VII . Attempts to improve Clays , by the intermix
ture of other Subftances , are of no Service.

THE makers of bricks difapprove of mixing
poor clays with a large proportion of fand , earth ,

and lime for experience has fhewn that theſe
fubftances are of no uſe whatever in the prepa
ration of bricks . Yet it is often not fo much the

ſubſtance, as the method of preparation followed
that is faulty . The burning is frequently con
ducted in fuch a manner as to reduce the lime

to quick -lime , in which ſtate it abforbs moiſture

from the atmoſphere , and cauſes the bricks to

crack and form chinks for the reception ofwater .

But a more entire burning will obviate this in

convenience , by blending the lime thoroughly

with the fand and clay , and producing a fort of
vitrification . In this cafe , the lime , inſtead of
doing harm , is even of advantage , contributing ,

in no fmall degree , to the fufion of the clay .
When, therefore , there happens to be marl in
the neighbourhood of a brick kiln , it ought to
be preferred to any other fort of earth . But

marl is liable to various imperfections which
render
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render it leſs fuitable as a material for bricks .
The chief of theſe , its containing too large a pro
portion of lime , may be remedied by the addi
tion of clay . Another fault of marle is , when
its parts have too great a tendency to vitrifica
tion ; but the addition of filiceous earth rectifies
this *. Care must likewiſe be taken , that the
lime be fufficiently pulverized . If it be in lumps ,
the proceſs is more likely to mifcarry .

!

VIII. Experiments of the Author ,

I AM now to give an account of a ſeries of ex
periments which I made upon common clay ,
without any admixture of lime , and two diffe
rent forts of marl both dug near Upfal . Of
thefe earths I had bricks formed and burnt , fome
without any fand , others with one -fourthoffand
to three-fourths of clay. Thofe in which there
was no fand did not crack as they were dried ;
from which it appeared that the fubftance of
which they were compofed , was of itſelf, without
any addition whatever , fufficiently fuitable as a
material for bricks . Of the bricks fome were
burnt till they became red , and to others a more
intenſe heat was applied , which gave them a dark
brown colour and rendered them hard on the
furface . But the hardeſt were thofe into the

compofition

fiv. v.
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compofition of which a fourth part of fand had
entered . Others which had been expoſed to the
moſt intenſe heat , fwelled and affumed the form

of a black fibrous flag . The bricks , after being
burnt and cooled , were caft into water , which ,

after abforbing copiouſly , they were removed ,
and expofed for three whole years , to the open
air . Thoſe which had been expoſed for the
fhortest time to the fire , were almoſt totally de
ftroyed and crumbled down by the action of the
air ; fuch as had been more thoroughly burnt,

fuffered lefs damage ; and upon thoſe which were
formed folely of clay , and had been half vitrified
on the furface by the action of a very ſtrong fire ,
not the flighteſt alteration was produced by the
influence of the air and weather .

§ 1x. Advice relative to the burning of Bricks .

FROM theſe experiments in the ſmall way

a judgement may be formed , how far any clay is

proper as amaterial for bricks . The more clay is
liable to contraction in drying , the greater ad
dition of fand does it require . The beft clays
are thoſe which need no fand . For , with fuch ,
the labour is abridged , and the bricks are ofa ſu
perior quality . The colour , after burning , fhews
whether there be any iron in the bricks . The
nature and appearance of the matter varies with
the degrees of the heat to which it is expoſed ;

Bb and
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and hence we have indications by which wen
diſtinguiſh when bricks are thoroughly burnt in
the kiln . Every perfon is ready to obferve that
bricks are too foft , and imperfectly burnt but
few have ſkill enough to difcern the blunders
which are liable to be committed in the proceſs

of preparing bricks , or how far the burning
ought to be carried . For the apyrous clay of
which bricks are fometimes compofed is not vi
trifiable merely by burning : and indeed no vi

trification is neceffary when they can be render

ed hard enough folely by the violent action of
fire , If, however , a vitreous cruſt be thought ne
ceffary , it may be formed with great eaſe , and

almoſt no expence , by diminiſhing the fire for a

little , throwing in a. fmall quantity of falt, and
fhutting up the kiln immediately . The bricks.
will thus infallibly acquire a vitreous cruft , and
that in the readieft manner poffible . It only re
mains to determine the proportion of falt necef
fary.

§ x. Method ofaflaying Clayfor Tiles .

To infure fuccefs , it will be highly proper to
examine the nature of the elay before proceeding
to form it into bricks . This may be moft expe
ditiouſly done in the following manner : nitrous

acid , poured upon unburnt clay , detects the pre
fence

1

1
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fence of lime by producing an effervefcence .
Calcareous clays , or marle of this character are
often the fittéft materials for bricks . Farther,

take a lump of clay , of a given weight ; mace
rate it in water , and fhake the mixture ; then ,
fuffering the heavier parts to fink to the bottom ,
pour the liquid into a different veffel ; mix the

refidue with a new quantity ofwater , and repeat
this proceſs, till the whole become perfectly
limpid . The clay is now all diffolved , and
what remains is nothing but fand . What
ever matter may be found to have fubfided in

the different veffels , may alſo be reduced by re
peated waſhings to the fineſt fand . Again , to
ſeparate the lime which may be intermixed with

the clay , pour upon a quantity of clay in any

veffel ſpirit of nitre to the depth of a few inches ;
digeft the ſpirit ofnitre upon the clay , then after
the effervefcence has ceaſed , let the clear liquor

be poured on the fand previouſly ſeparated , which
is fometimes equally contaminated with lime . An
additional portion of clay muſt be from time to
time added to the aquafortis , till the effervef
cence entirely ceafe . The clay and fand are

then taken hot , and waſhed apart . It is needleſs
to burn the clay in thefe experiments , as
that would diffolve a part of it . But , let fpirit

of volatile alkali be dropped into the ſolution of
lime in nitrous acid , till the lime be precipitated ;
pour the pure liquor into a different veffel ; and

Bb2

1
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wash the refidue with hot water . At length,
when the clay , the lime , and the fand are all ful
ly dry, weigh them feparately , that their propor
tions in the maſs may be aſcertained . The fand
may be examined with the microſcope , in order

to diftinguish whether it contain any filiceous :

matter , fcintillating fpar , &c.

After making the affay , it will be eafy to dif
tinguiſh the pecular nature and the compofition

of the clay ; whether an addition of fand be re
quifite to render it a fi

t

material for bricks ; what

kind o
f

fand it may be proper to add ; and by
what indications we are to know whether the

bricks be thoroughly burnt .

OF

I
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ACIDULATED WATERS
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MED V I.
rebus quifque relictis ,

Naturam primum ftudeat cognofcere rerum .
LUCRET .

S1. Hiftory of the acidulated waters ofMedvi .

MEDVI is fituated in the dioceſe of Ny
kyrke in Gothland . The medicinal ſprings are
at the diſtance of a quarter of a Swediſh mile .
They owe their celebrity to Guftavus L. B. Soop ,
fenator of the kingdom , and Lord of the Manor ,
who firſt diſcovered them in the year 1677. That
nobleman ſent a ſample of the water to Ulbanus
Hiærne , who was at that time royal archiater ;

and he , after examining its nature , and vifiting

the ſprings next year in perfon , pronounced it fa
lubrious . There were then three fprings , com
monly known by the names of Hogbrun , Dal

Bb 3 brun ,
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brun , and Rodbrun ,-the Upper, the Nether , and
the Red Spring ; the two firft five and twenty
paces diftant from each other , the third an hun
dred paces diftant from the firft . The Upper

fpring, on account of the fuperior excellence of
its water , as well as its fituation , was firft open
ed , incloſed with a ſtone and lime wall , covered

above , and folemnly confecrated on the 25th of
July , 1678.
It is remarkable , that the octangular build
ing with which it was inclofed , ftill ftands en

tire ; and the original roof is ftill a fufficient
fhelter from the rain , although furrounded with

tall branchy trees , and expofed from its fitua
tion to uncommon quantities of rain and con
tinual dampneſs .
Wells have not yet been dug at the open
ings of the other two ſprings :-The nether , or
lower fpring , fo called from its low fituation ;

and the red fpring , which owes its diftinguiſh
ing epithet to the ochre with which it

s

waters .

are mixed .

17

1

It is more than probable , that the virtues of

thoſe waters had been long known to the neigh
bouring inhabitants . To the red fpring parti
cularly facrifices appear to have been offered ,

and religious veneration paid . Whether thefe
fprings retained their celebrity during the reign
ofpopery , we know not . In the Collectanea Of
ftrogothica o

f

Palmfchold mention is made , that

Jos .
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Jos . Conftantin an Italian phyfician had ſeen in
the Vatican library an old manuſcript concern
ing the falubrious virtues of certain acidulous
waters in Gothland , which I take to have been
thofe of Medvi .

S11. What has been difcovered by former Experi
ments concerning the peculiar Virtues oftheWa
ters ofMedvi .

HIERNE made fome experiments on the water
ofthe upper fpring, the reſults ofwhich , though
they did not indicate with certainty or preciſion
what different matters it contained , or in what
quantities or proportions ; yet induced that au
thor to think , that there exifted in the water a
certain univerfal acid , capable of acting upon
crude iron ore , richly impregnated with ful
phur, and of producing by this operation vola
tile vitriol , and a portion of ferreous fulphur.
Hiærne thought farther, that a portion of this
univerfal acid , faturated with calcareous mat
ter , formed the alum , which he imagined , he
diſcovered in the waters of Medvi .

As the waters of Medvi have been fo long

and fo generally celebrated for medicinal vir
tues , fuperior to thofe of any other mineral
waters in Sweden , it is furprifing that no per
fon , before me, has been induced to attempt

amore accurate analyſis of them . In the year
Bb 4 1778,
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1778 , indeed , the illuftrious L. B. Alstroemer ,
Counſellor of the Palace , and Commendator of
the order ofVafa , fent me twelve pints of the
water ofMedvi , and half a pint of a liquor that
remained after the evaporation of ten pints
and an half of the fame water , with a brief de
tail of experiments made upon it by Dr Dubb :
and at his defire I immediately fet about ana
lyfing it. I have elſewhere related what I then
obferved . But having myſelf, in this very
year , had occafion to viſit that watering place ,
I availed myſelf of the opportunity to make
new and more accurate experiments upon the
mineral waters of Medvi , of which I fhall here
give an account .

11. Phyfical Qualities ofthe Waters ofMedvi .

THE water of the mineral fprings of Medvi ,

is indeed limpid , but not fo clear as common
ſpring water .
In the month of Auguft , I found the tempe
rature to be , at the bottom of the well, 6 de
grees above zero in the Swediſh thermometer ,

and 7 degrees of the fame thermometer at the fur
face . At the ufual hour of drinking the water ,

the temperature of the well was fome degrees a
bove that of the open atmoſphere ; but this , as
well as the difference between the temperature
of the furface and that of the bottom of the well,

* Opufc . Chem . v. 1. p. 255 .

might
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might probably be owing to the building which
covered and inclofed the well being at that
time crowded with people . When water was
brought to me, in my room , I found its tempe
rature 8 degrees . Any perſon wiſhing to have
it as cold as poffible , fhould therefore drink it at
the well, and take care to have what he drinks
drawn from the bottom . There is alſo another

reafon for this , which I ſhall mention by and
bye .

It taftes fomewhat of iron, though not difa,
greeably ; but has nothing of that pungency
which is peculiar to aerated waters .
In drinking it , the noftrils are offended with
a hepatic fmell , like that of rotten eggs . This
fmell, however , is not very ftrong , for it was
not felt by any of thoſe who were prefent at the
fpring when I firſt obſerved it , till I mentioned
it to them. Hepatic air is the moſt powerful

principle in mineral waters : to it the mineral
waters of Lokarne and others in Sweden owe
their virtues . And no wonder that the princi
ple of thoſe virtues was not earlier difcovered ,

as veffels for receiving and collecting aeriform
bodies have been but lately invented .

From what was above faid refpecting the wa
ter of Medvi being warmeft at the ſurface , it is
plain that the hepatic gas will be fooner difen
gaged there . A perfon whofe fenfe of ſmelling
is but moderately acute , will readily perceive

the
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the difference between water drawn from the
bottom of the well , and water taken from the
furface . And this is the other reafon to which
Į above alluded , for drawing water for drinking
rather from the bottom than the furface of the
well . This may be done with a veffel in the
fhape of an inverted cone , made of tin or pure
filver, truncated on the under part , and clofed
with a folid bottom , fo contrived that it may
rife upon a hinge , when the veffel is immerf

ed , and may be again fhut by the weight of the
water when it is taken up . With this veffel
fixed to a long wooden handle , water may be
taken up from any depth . A fmall iron rod
may be fixed to the brim of the veffel , in order
to clear the bottom of the well, and the water
may run out from the narrow part of the cone
into a different veffel . This mode of drawing
the water will be adapted , I prefume , by all
who wish to have it as cold and as ftrongly im
pregnated with hepatic air as poffible ; although
I mean not to affert that it is of no ufe when
drunk in the common way .
This mineral water appears to be lighter than
common water ; but not having an hydrostatic

balance at hand , I could not determine its ſpe
cific gravity . A pint of it weighed an hund
red and ninety four drachms .

§ IV .

I
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Iv. Chemical Analyfis of this Water .

I FOUND by experiment that the water of
Medvi contained two volatile principles , aerial

acid , and hepatic gas . It contains alfo iron di
folved in aerial acid , or aerated ; a little falited

lime ; as alſo a ſmall quantity of common falt ,
and mucilaginous extract .
The prefence of the aerial acid is detected not
by the taſte , but by the infufion of lime water ,
or tincture of turnfole . There are ſcarcely ever
more than fix cubic inches in a pint of water .
The ſmell again betrays the preſence of he
patic air : but fo fmall is the proportion in which
it is contained in theſe waters , that no fulphur

is produced upon the infufion of fuming fpirit

of nitre . Collected with the aerial acid , it fills

a ſpace of 14 cubic inches ; but when abforbed
by lime-water , its meaſure is only eight cubic
inches .

Tincture of galls , and a lixivium of blood ,
indicate the prefence of iron : Or , if the water
be fuffered to remain for a few days in the open
air , the iron falls to the bottom without any

addition being made . From which it appears

to have been maintained in folution by aerial
acid .*

It is fome time fince I propofed a process for
diftinguiſhing whether martial water be fi

t

for
medical
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medical ufes , or crude and contaminated with
vitriol . Yet for the fatisfaction of fome who

have lately queftioned me on that head , I am
induced to repeat here briefly what I formerly
advanced .

Let the water be boiled for a quarter of an
hour in a clean kettle ; then let it cool , and
pour it into a glafs yeffel . Into another cup

pour fresh fpring water . Into each of theſe

veffels pour a few drops of fpirit of wine , in
which a quantity of powder of galls has been
previously macerated in a clofe veffel .

If the boiled water afford not the fame quantity
of precipitated fediment as the freſh water , it
may be concluded to have contained iron diffolved

in aerial acid , and to be , of confequence , an acidu
lated water . But if the fediment be the fanie
in both veffels , or only a little fcantier in that
which contains the boiled water , the boiled

water may then be concluded to contain a mi

neral acid , and be unfit for medical purpoſes ,

till its nature be farther inveftigated .
Each pint ofthe water ofMedvi contains three
grains of iron .
This water contains no extraneous matter

befides the principles now enumerated ; and
all of them are of fingular efficacy . The quan
tity of falited lime intermixed , is fo very trifling,
that the faccharine acid fcarce detects its pre

fence at the end of four and twenty hours ; and

almoft no fixed alkali can be obtained . The
nitrous
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nitrous folution of filver fhews the lime to be
united with falt . Only half a grain of falited
lime exiſts in each pint of water .
A few minute particles of common falt ,
ſcarcely viſible , appear in the refiduum , after

the boiling , but the whole are ſcarce equal to
one fourth of a grain .
A folution of ponderous earth hath not the
effect to render water of Medvi turbid ; whence

it appears , that this water contains no mixture
of vitriolic acid .

Extractive mucilaginous matter precipitated

with vinegar of litharge , the ſolution of filver
being previouſly ſeparated with marine acid , is
obtained in the proportion of three grains for e
very pint of water . There must therefore be a
grain of pure mucilage for every pint .
Upon comparing thefe experiments with thoſe

of Hiærne , it appears , that Hiærne's univerfal
acid , which he regards as exifting in a ſmaller
proportion in the Medvi than in the Spa water ,

is the fame principle which we denominate ae
rial acid ; that his ferreous fulphur is hepatic

air ; -and his alum , falited lime .
Although there be in Sweden other acidulous
waters endowed with medicinal virtues , yet we
know of none, as yet , equal to thoſe of Medvi .
It may therefore be proper to inftitute a com
pariſon between the Medvi waters and thofe of
Pyrmont and Spa , which have been long im

ported
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ported into Sweden , and celebrated as fuperior
to the mineral waters of our own country .
In this compariſon it appears ,
1. That in the waters ofMedvi there is a ſmall
proportion of aerial acid , fufficient indeed for the
folution of iron, but not in fo large a proportion
as to give that agreeable pungent tafte which is
peculiar to freſh Pyrmont water .
2. The Medvi water contains hepatic air ,
not a particle ofwhich can be detected in the
mineral waters of Spa and Pyrmont , in the ſtate
in which they are commonly brought into Swe
den .

3. The water of the Upper fpring of Medvi
affords nearly the fame proportion of iron as the
water of Spa or Pyrmont,-about one fourth of
a grain to the pint .
4. The water of Medvi contains none but
medicinal principles ; but the foreign waters of
Spa and Pyrmont have many other principles
intermixed in them , which are either deftitute of

all virtue , or directly pernicious ; no lefs , for
inſtance , than 18 or 20 grains of lime and chalk
in every pint . Nay Pyrmont water is found to
contain about 39 grains of gypfeous matter , to
whichmany who drink it in large quantities find
their conftitutions unequal .

Sv.

1
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Sv. Ofthe internal Ufe ofthe Water ofMedvi .

I HAVE heard many who were in ufe to drink
the waters of Medvi 30 or 40 years ago complain

that its ftrength and virtue are no longer the

fame ; but it
s

tafte more infipid , and a larger

quantity neceffary to be drunk at once , in or
der to produce the proper effect . But it is by

no means a fure teſt , to taſte after a long inter

val , what you had tafted once before , for age

impairs the ſenſibility o
f

the tongue . Again , as

to this water being drunk in larger quantity

now than formerly , that is no proof o
f
it
s lofing

its virtues . Hiærne relates , that on the firſt
difcovery o

f

the ſpring o
f

Medvi , a certain per
fon who had loft the ufe of his feet , drank a

whole firkin o
f

the water every day , and at night ,

too , called for water whenever he awaked . So

far , however , was this perfon from being hurt
by drinking it in fuch enormous quantities , that
he was in the ſpace o

f
a few weeks , reſtored to

perfect health . I can readily grant , indeed ,

that but few , and thoſe perſons o
f
a ſtrong frame

and a vigorous conftitution , could drink fo much
water without being injured by it . But what I

want to prove , and that is plain from Hiærne's

relation , is that no inference can be drawn a

gainſt the ſtrength o
f

the water , from the cir
cumftance
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cumftance of its being drunk in larger quantities
now than formerly .
Mineral waters may happen , however , to loſe
their virtues in the courfe of time . Many fprings
have , indeed , retained their falutary virtues for
ages but there are others whofe medicinal
powers have generally declined . Even of Med
vi the taſte and efficacy have not been uniform
ly the fame. Hiærne himſelf bears witneſs , that
he had found its tafte fometimes fweet , fome
times bitter ; probably as the proportion of the
hepatic air varied and that fo frequently , that
it could not be referred either to the changes of
the moon , or the feafons . I myſelf obſerved it
to undergo a fimilar change in the end of the
month of Auguft . All who had been before at
the fpring found it to taſte ſtronger than ufual
then of iron .

That the waters of Medvi are endued with re
markable healing powers , appears from numer
ous inftances of perfons , who both in former
times , and in the prefent age , have recovered
their health by drinking of them . Many upon
drinking it , immoderately have in a week or two

found their ſtomach oppreffed , their head ren
dered giddy , their knees infeebled , and have

felt it impoffible to refift fleep after dinner .
Our water contains lefs iron than that of Pyr

mont ; but this very quality renders it the fit
ter for ftrengthening a weak ftomach , which is

often
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often unable to bear much iron , and is much

more benefited by the daily ufe of a moderate
portion . I found myſelf ſurpriſingly better for
the Medvi water . And from many years expe

rience , I can declare , that I have received lefs
benefit from journies into different countries ,

for the ſake of health , than from exerciſe , and
the ufe of this mineral water .�

For the uſe of thoſe whoſe caſes may require

a mineral water more ftrongly impregnated with
iron, I would adviſe the lord of the manor to o
pen the Red ſpring , and incloſe it . The water
of this ſpring contains a proportion of aerated
iron , at leaſt equal to that of the water of Pyr
mont -every pint affords 4 grains . It con
tains alſo no fmall quantity of hepatic air , and
ofaerial acida mode rate proportion , not difcern
ible by the taſte . It therefore reſembles the
water of the Upper ſpring ; only, has more iron
in its compofition . It may , accordingly , be of
great ſervice to men of a ſtrong conftitution
even to thoſe who are weaker , if they uſe it on
ly when recovering from illneſs , or drink a cup
a day after drinking firft of the water of the
Upper fpring .

; or

VI. Ufe ofthe Medvi Waters in Baths .

MANY of thoſe who viſit the mineral wells of
Medvi , bathe in cold water from the upper

Cc fpring

1
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fpring , the earth uſed in the baths is found near
the red fpring. It is fine , black , and free of
fand , yet affords , in a flight degree , the fame
hepatic odour , as the mud of the waters ofLo
karne ; hence the pimples and itching ofthe ſkin
produced in the bath of the water of Lokarne
are not obferved here . I myfelf received the
the fame beneficial effects from this bath which

many had experienced before me .

"
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OF

LOKARN E.

juvat integros accedere fontes .
LUCRET .

S1. Hiftory of the Lokarne Springs .

INN the pariſh of Grythytte , and the diſtrict of
Oerebroeve , is a marſhy vale , lying in the midſt
of high hills , with two lakes called the lakes of
Lokarne, upon one fide . In that vale are three
fprings , which from the contiguous lakes , have
been denominated Loka-kalor , or the Lokarne
fprings . It is probable that one of theſe known
by the name of Old fpring, was in days of old ,
reforted to as medicinal by the adjoining inha
bitants ; and that they aſſembled round it , par

ticularlyCc 2

1
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ticularly on John Baptift's eve , a cuftom not yet
entirely gone into difufe . ButBut it had been long
neglected, till about fixty years ago, it was open
ed anew , and inclofed with a ftone and lime
wall . The water of this fpring is now uſed on
ly by the lower clafs of people . Another towhich
people of middling circumftances refort , is na
med the new well . It is fituated near the Inn,
and was firft opened and incloſed with a build
ing in the year 1767. The third , called the
Bath-well , is at ſome diſtance from the Inn . The
water of this well is drunk at table in the Inn ,
and is uſed in bathing . Theſe three wells are
arranged nearly in a triangle ; the old well be
ing about eight and thirty fathoms diftant from
the new, and thirty from the bath-well ; the

bath -well again being eight and forty fathoms
from the new well .

§ 11. Phyfical qualities of the Lokarne Water.
1

IN June 1783 , I made the following obferva
tions on the Lokarne water .

1. It is clear as cryftal : and must therefore
contain either no mucilaginous matter , or at leaſt

very little.

2. It is pleaſant to drink ; tafting nearly like
common ſpring water . But it dries the mouth ;

whereas common fpring-water rather cauſes the
faliva to fecrete more copioufly .

3. This1
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walk

3. This water , new out of the ſpring has no
peculiar fmell ; but violent agitation makes it af
ford an hepatic odour . This odour is ftronger in
the water of the new than in that of the old
fpring ; and again in that of the old than in that
of the bath-ſpring .
4. This water feels cold . In the new well the
mercury flood in the thermometer at fix one
fourth degrees ; while the temperature ofthe at
mofphere was at the fame time no leſs than thir

teen degrees , The fame thing was obferved of
the old well . On the wall inclofing the latter,

I found an infcription bearing , that on the 25th
of June 1757 , the thermometer which had ſtood
in the open air at twenty one -half degrees above
Zero , fell in the well to eight degrees ; and that
at five in the morning on June 1 , 1758 ,the tem
perature of the atmoſphere , being nineteen and a
half degrees , that of the water in the well was
only fix . Between this laft obfervation and my

own there is only one -fourth of a degree ofdiffe
rence . This difference might be owing to a faul
ty conftruction of the thermometer . Berge has
affigned the fame degrees of temperature to the
mineral waters of Lokarne . As to the mercury
falling in the thermometer only to the eighth

degree in the old fpring ; that might happen in
confequence of the inftrument not being fuf
ficiently immersed in the water , or being too haf
tily taken out . Whoſe were the obſervations

Cc 3 infcribed

}
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1

-
infcribed on the wall I knew not , till the keeper
of the wells informed , they were written by the
celebrated Odelftierne , director of the mines .

In the bath -well the mercury flood at ſeventy .
It is ſcarcely a fathom deep . The water , as a
bove mentioned , is both drunk atmeals and uſed

for bathing . It is alfo conveyed into that called
the Engliſh bath , which is but of late date, and
is 9 one-half fathoms long, three one -half broad ,
and two deep . The water in this bath is con
ftantly freſh ; it being fo conftructed that new
water from the well runs runs it,while that which
has been made uſe of is conveyed off. Hence its
temperature is often eight degrees colder than
that uſed in the common baths.

It is not fo eafy a matter as is commonly ima
gined to aſcertain the exact temperature of the
water with the thermometer . Although the
thermometer when immerfed in water indicates

the temperature of the water with fufficient accu
racy ; yet when taken out to be examined , it is
liable to be affected by the breath , and by the
temperature ofthe atmoſphere ; and conclufions
formed concerning the temperature will ofconfe
quence be uncertain and indecifive . To avoid

theſe inconveniencies , I put the thermometer in
a perpendicular poſture , into a glaſs veffel , ſo fil
led with fand , that the point of theſcale is at the
brim ofthe veffel . I then wrap up the inftrument
with a thick cord ; and then immerſe it ſuſpen

ded

1
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ded by the rope into the well ; in the bottom of
which it is left for half an hour . With this ap
paratus , I obtain what I want : I can now dif
cern the precife heat of the water by the thermo
meter , without fear of the mercury falling when
it is taken out .

�

In the cave of the Royal Obfervatory at Pa
ris, the mercury of the thermometer ftands
through the whole year at the fame degree , cor
refponding to the twelfth in our Swedish ther
mometer . The waters of Medvi and Lokarne ,

therefore , and of other perennial ſprings which
have come under my obfervation , exceed that
temperature only by one degree . The fame

temperature is found to prevail in fubterraneous
cavities . Now , as the water on the furface of
the earth is fupplied by lakes and fubterraneous

ciſterns , at leaſt as diftant from the centre of the

earth as theſe ſprings ; it follows that the fource
of thoſe wells must be extremely deep , whofe
temperature is only fix degrees . Befides, the
openings of fuch fprings are ufually inclined to
the horizon . In general , however , the heat of
water on the furface of the earth is different at

different feaſons in the year . In natural cavites
in mountains , although on the fame level with

the adjacent plains , water cannot but be uncom
monly cold . But I can fcarce think there are
many places in which it can become fo cold in

€ c 4 fummer
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I

fummer as to reduce the mercury to fix degrecs
in the thermometer .

5. The water is not always in equal quality .
The new fpring gives 142 pints in the hour ;
the old fpring 465 ; and the bath ſpring 517 ,
one-half.

6. I could not determine the ſpecific gravity
of the water of Lokarne , for want of inftruments .

S111. Chemical Analyfis .

FROM the account above given of the phyfi
cal qualities of the waters of Lokarne , it ap
pears , that they contain in their compofition ,

but a ſmall proportion of extraneous and mine
ral matter . The fame thing appears from ex
periment .

1. A pint of this water afforded by evapora
tion only two pennyeights and twenty -eight
grains apothecary's weight . Nearly a fourth
part of this refidue was fine filiceous powder ;
the reft calcareous earth in combination with
marine and aerial acid . I have never indeed
met with any fpring -water entirely free of fali
ted or aerated lime . But the infufion of a few
drops of the nitrous folution of filver foon difco
ver the preſence of the marine acid , by commu
nicating to the water , if it contains any of that
acid , an opaline colour . In a few days the fedi

ment
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ment is found in the water , in the form ofa thin
purple plate . When the fediment is more co
pious , the nitrous folution produces a violet co
lour in the water ; and when in ftill greater
plenty , tinges it black . The calcareous earth ,

when in no larger proportion than in the wa
ters of Lokarne , is feparated in twenty -four
hours by the faccharine acid .

The falited ponderous earth intermixed inthe
Lokarne water diſcovers no mark of vitriolic a
cid ; nor does tincture of galls detect the pre
fence of iron . In the refidue , likewiſe , which
remains after the evaporation , no iron appears ;
unleſs the acid employed be previouſly tinctur
ed with iron .

I meant likewife , had not ill health prevent
ed me , to have examined the water of the old
and the bath ſpring by evaporation . But , by
the uſe of reagents I found the water of thoſe
fprings to contain the fame principles as that o

f

the new ſpring , only in an inferior proportion .

Berge obtained only two grains refidue for eve
ry pint of the water of the old ſpring .

2
. There is but very little volatile matter in

the water of Lokarne .

The taſte gives no indication o
f

the prefence

o
f

aerial acid yet that every pint contains two

o
r

three cubic inches of this aeriform fluid , ap
pears from the circumftance of a red colour be

ing
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ing produced in this water ; when tincture of
turnfole is poured into it in equal quantity .
I have obferved above , that the Lokarne wa
ter contains hepatic air . But , fuch is it

s fubtili

ty and volatility , that it efcapes , although the
glaſs veſſel , in which the water is contained be
corked and fealed in the moſt careful manner .

A bottle of Lokarne water , the temperature of

which was 107 , being cloſely corked and kept
by me in my bed -chamber , loft in the ſpace of
four hours all it

s hepatic air , fo that even when
fhaken , it exhibited no appearance o

f having e

ver contained any . And , in water newly drawn

out o
f

the ſpring , was not above a cubic inch to

the pint .

From what has been faid it appears , that the
water o

f

Lokarne is not mere fpring water ,
though but very flightly mineralized . Moft mi

neral fprings owe their healing virtues either to

aerial acid o
r hepatic air . Aerial acid , unleſs

contained in a pretty large proportion , in water ,

produces but little alteration in it
s

nature . Such

a
s in the proportion o
f eight or ten cubic inches

to the pint : whence it may be inferred that the
water of Lokarne is lefs indebted to the aerial

acid than to the hepatic air which it contains
for its virtues . Hepatic air is a much more

powerful agent than aerial acid : two pints o
f

cold water that had abforbed only two cubic

inches o
f hepatic air , retained the peculiar o

dour

1
1
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dour of that gas for , at leaſt, two days . But far
ther obfervations are required , to determine how
far the mere internal uſe of this water may be
beneficial for at prefent all who drunk the Lo
karne water , bathe at the fame time .

:

§ IV. The earth of Lokarne .

THE earth uſed in bathing by thoſe who fre
quent the Lokarne wells is found onthe fide ofa
rivulet at a ſmall diſtance from the wells . It is
fine , tenacious , contains very little fand , and is

often infected with a hepatic fmell . In the
baths this earth ferves two purpoſes- it lubri
cates the ſkin by friction ; and keeps the body

cool . Any fort of fine earth , or foft muddy clay
would do the fame thing. But if the mud con
tain hepatic air , an irritation of the ſkin is pro
duced , and an itch breaks out . This earth,

ufed in the baths of Lokarne does not unfre
quently produce this effect , after the bath has
been ſeveral times uſed . The vitriol intermixed

with it co -operates with the cold in contracting
the veffels of the ſkin .
Berge has proved , by various arguments , that
this earth is produced by putrefaction from the
Sphagnum paluftre . Its fpongineſs and lightneſs

I take to be owing to nothing but the dry cha
racter ofthat mofs . But , in order to inveſtigate

more
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more accurately the nature and qualities of this
earth , I tried ſeveral experiments with it . I firft
poured upon it cold diftilled water ; and after the

water was fufficiently digefted with the earth ,

and a fufficient quantity of the foluble parts of

the latter fufpended in the former , poured it
through a ſtrainer . The lixiviate thus prepar

ed continued pure , and fuffered no change ofco
lour from the infufion of tincture of turnfole .

Tincture of galls mixed with fome of this lix
iviate , both in its original ftate , and boiled , af
fumed a violet colour ; but not readily , nor tillaf
ter a confiderable time . The faccharine acid

produced no precipitate , and a folution of filver

fcarce any ; falited ponderous earth rendered

the white powder by degrees turbid . Hencé

then it appears that there is fome vitriol in the
earth uſed in the Lokarne baths ; and that it
forms with water a lixivate very different from
pure fpring-water . This affords a certain proof

ofwhat was above-mentioned , that water iffues
out of fprings even in the depths of the earth ;
and that this and the water on the furface of
earth have nothing common .

Sv. Salubrious powers of the Lokarne waters ..

To render the falutary effects of this water
better understood , I fhall preſent my readers

with
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with an extract from the diary of the hoſpital of
Lokarne , exhibiting a ſtate of the fick , and their

difeafes for eight years backwards , which was
communicated to me by Mr Knut A. Lenæus ,
infpector of the wells of Lokarne .

Diſeaſes .

Rhachitis

Soreness ofeyes attend
ed with running

Soreness of eyes attend
ed with unatural dry
nefs

Hyfteriafis

Hæmorhoids

Hæmaturia

Cancer in the nofe

Ulcer in the neck
An unnatural contrac
--tion

Difficulty in ſpeaking
Valetudinary

Epileptic
Arthritis
Cataract

Vertigo
Melancholy

Cu- Conva
red lefcent .

8 5

5

46

4

4
2

1
1
9
1
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1
1
2
5
1
5

--

Perfons who left
the Wells .

2
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*
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3
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3
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5
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3

H
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II

4
3
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3
3
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I
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1

I
I
I

2

8
3

1

h
e
a
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4

Diſeaſes.

Deafnefs

Paralytic
Head-ach

Scurvy
Worms

lubrici
tenia

Hæmoptyfis

Atony
Hypochondria

Dregs of an intermittent
fever

Diarrhoea

Cephalæa

Aphonia
Slow fever

Madneſs

Afthma
Delirium
Dullness

Atrophy
Glaucoma

Amaurofis

Angina fchirrofa
Itch
Eryfipelas

Cu- Conva
red . lefcent .

2

5
2

4
12

46

3

3

3

74I
3

6

3

1

3
I
I
1
6

2

2

Perfons who left
the Wells .

N
e
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1
1

I
4
2
I

I

I
4

2
2

3
1I
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2
I

1
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|
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3
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Diſeaſes ,

Afcites

Decrepid

Impofthume in the lungs
Hip-gout
Anchylofis
Steatoma

Cardialgia

Stone in the bladder
Paraplegia after lying in
Diarrhoe

Bleeding at the noſe
Spaẩm

Scrophula

Hemiplegia

Arthritis fiphylitica
Arthritis nodofa
Herpes

Blindneſs

Hectic

Convulfions

Perfons who left
the Wells .

Cu- Conva- Re- Incur
red. lefcent . licved . able,

2

23

5

2

5
2

6I
N

Blood-fhot eyes 4
Irregularity ofthemenfes 2
Cachexia

сл5

32

3
+

&

32

4
a

11
I
5

2

Total 195

3
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OF

COBALT , NICKEL , PLATINA ,

AND

MANGANESE :

WITH THE

PRECIPITATES WHICH THEY AFFORD * .

conftare neceffe e
ft

Ex aliis ea , quæ nequeant convertier unquam .

LUCRET .

§1 . Circumstances which fuggefted thefe experi
ments .

OUR anceſtors knew of eleven metals . To

theſe the induſtry o
f

the prefent age has added
other four Cobalt , Nickel , Platina , and Man
ganeſe . Which were all firft examined with ac
curacy , and diſtinguiſhed by their peculiar cha

racters ,

Vide N. Acta Acad . Suec . Vol . I. 1780 .
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1

racters , in Sweden *. Moft agree , from experi
ence , that the three firft of the above -mentioned

new metals are , in their nature , effentially dif
ferent from all other metals . There are , how

ever, many who think theſe not to be primary ,

fimple metals , but of a compound character . But
the eagerness with which chemifts entered upon

an inveſtigation of the relations of thefe metals ,

has now thrown light upon many of the difficul
ties which they at firft prefented . Yet , I don't
know that any body has examined them by folu
tion and precipitation in different menftrua . I
have therefore been induced to fubject them to

theſe proceffes ; and fhall proceed to relate my
experiments and obfervations .

SxI. Examination ofPlatina by Precipitation .

I HAVE elſewhere given an account of the re
fults obtained by the folution of platina in alka
line falts . The only thing which I ſhall here
add , is , that no alkali , whether vegetable ormi
neral , aerated or cauftic , produces any precipita

tion of platina that is actually diffolved . The
colour of the precipitate isyellow, incliningmore
or lefs to red ; but when evaporated to dryness ,
it becomes black . A folution of an hundred

Dd weight

* A&t. Upfal . 1733. A&t. Acad . Suec . 1751 , 1752 ,
1774. N. A&t. Upfal , v

o
l
. ii . p . 135 , 246. Scheffer's Chem .

Forelafn , p . 390 .
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weight of pure platina in aqua regia , with the
addition of thirty -four pounds of aerated mine
ral alkali , afforded upon the infufion of a quanti
ty ofcauſtic alkali , thirty -fix pounds of precipi
tate , although the utmost care had been taken to

have the folution compleatly faturated . It fol
lows therefore , that the other two thirds of the

metal were taken up in the neutral falt formed
at the precipitation ; as the parts of the platina

that were diffolved , could not but be of the fame

bulk and fuperficies as thofe which were preci
pitated .
To afcertain the caufe of this phenomenon
more fully , I refolved to try the fame experi
ment on platina with other metals , inftead ofthe

alkali which I had uſed . I accordingly diffolved
an hundred weight of pure platina in aqua regia ;
and then poured into the folution , after diluting
it in diftilled water , as much zinc in ſmall thin
plates , as it would diffolve , No less than 416
pounds of the zinc , were diffolved , with a con
ftant effervefcence , although the menftruum had

been previouſly faturated with platina to fuch a
degree that it would not diffolve another grain of
that metal .

Meanwhile , as the zinc was diffolving , the
black flaky matter fubfided to the bottom of the
veffel . This refidue , when washed and dried ,

was found to weigh 77 pounds . And when ex
pofed to the blow-pipe , firft exhaled an afh-co

loured



OF COBALT, &c. 419

loured fmoke , and thus lofing it
s

black colour ,

affumed foon after a grey and nearly metallic
appearance . The fmoke was not unlike the

vapour which mercury emits .

A little of this black precipitate , mixed with
microcoſmic falt , and expofed to the heat of the
blow -pipe , emits a ſmoke at the very firft . The
precipitate then runs into union with the falt ;

yet does not form a globule , unleſs when a very

fmall grain o
f
it is expofed to fire with a particle

of the falt . When the proportion of the preci
pitate employed is too large , the mafs affumes a

variety of colours ; but if a fecond time melted
by a ſtrong blaft o

f

the fire , becomes generally

pellucid . The fame thing nearly takes place , if
borax be uſed inftead ofmicrofmic falt ; only the
changeable colours do not then make their ap
pearance fo foon .

The pure liquor remaining after the precipi

tation of the platina and the ſolution of the zinc ,

was tinged with yellow , and ſeemed ftill to retain

a little platina ; for when evaporated to dryness ,

with the addition of a little vegetable alkali , it

afforded a few yellow grains o
f

refidue .

The black precipitate is not fubject to the at
traction o

f

the magnet , either when newly preci

pitated , o
r

no being expoſed to heat .

All the metals precipitate platina from aqua
regia , juſt as readily a

s zinc .

Dd2 §III .Pre

1
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$ 111. Precipitates ofNickel.

A faturated folution of nickel in nitrous acid is
well known to be green . All alkalis whatever ,
diffolve the combination between nickel and
nitrous acid . An hundred weight of nickel pre
cipitated by aerated alkali , is of a very light
green colour , which it retains when dry . The
powder weighs , when dried , 135 pounds . Cauf
tic alkali produces a fimilar precipitate from the
fame folution : but 10 pounds of nickel arife
only to an hundred and twenty eight , when
precipitated from a folution in nitrous acid with
'cauftic alkali . Plogifticated alkali produces a
powder of the fame colour nearly , but rather
yellower, and liable to affume, as it is dried , a
greenifh yellow, of a darker hue . The precipi
tate obtained with phlogiſticated alkali, after be
ing washed and dried , weighs 250 pounds .
From acid ofnitre in which I had diffolved an
hundred weight of common regulus of nickel ,
which had previoufly undergone only a fingle
proceſs of reduction , upon the addition of a quan
tity of zinc , there fubfided feventeen pounds of
arfenic , in the form of a blackmetallic powder .
Meantime , the mercury ftood in the thermome

ter at fifteen degrees . By the application of a
ftrong heat the powder was caleined to white
nefs . Yet fuch is the mutual attraction between
nickel and arfenic , that a confiderable propor

1

tion
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tion of nickel is unavoidably precipitated with
the arfenic . This appears from the melting of
the precipitate with borax . For when the arfe
nic is diffipated by the action of the fire , the
glafs that remains , difplays the colour peculiar to
glafs of nickel . But when the ball of glafs
cools , the colour then diſappears , when it is evi
dent that even in the precipitate there remains
zinc . Another and ftill more convincing proof

ofwhat has been above afferted , is , that the acid
ſolution , when in a large quantity , and well
warmed , affords together with the black powder ,

alfo a confiderable portion , nearly an hundred

pounds of a white powder . When this takes
place ,the green colour ofthe folution is very lit
tle altered ; although it could not fail to become
paler , ifcalx of nickel conftituted the largest part
of the precipitate . The powder precipitated
from acid of nitre is eafily foluble with the help
ofheat . The folution is grey , and on the infu
fion ofphlogiſticated alkali, affords a powder of
an orange colour : a pretty strong indication of

the prefence of a confiderable quantity of zinc .
But that the fame powder contains alſo zinc ,

appears from the colour of the ſolution , from the
fufion ofwhich it is fufceptible with borax ormi
crocofmic falt, and from its reduction by which

feveral pounds of regulus of nickel are obtained
feparate .

From the green folution that remains after

Dd3 precipitation ,
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precipitation , all but a few pounds of the nickel
originally employed , may be feparated .

From theſe facts it plainly appears , that zinc
does not precipitate the nickel itſelf from the fo
lution . For , whatever weight ofzinc be put in
to the faturated folution of nickel , the green co
lour ſtill remains unchanged . If, then , there be
any portion of nickel in the precipitated pow
der , its precipitation feems to me to be owing
merely to the mutual attraction of the metallic

calces ; fince it appears in the precipitate divef
ted of its metallic form , which could not be the
cafe, if nickel were , like other metals , precipi
tated by a double affinity . But there are vari
ous inſtances ofmetallic calces being connected
by mutual attraction : gold combines with tin
copper with zinc , in the form of calces,

Sv . Precipitates ofCobalt ,

If a hundred pounds of regulus of cobalt be
diffolved in common nitrous acid , and a quanti

ty of aerated mineral alkali be added to the fo
lution thus prepared ; a yellowish dark green
precipitate , 160 pounds in weight , will inftantly

be produced . On the other hand , if cauftic mine
ral alkali be poured into the fame folution , the
precipitate will weigh only 140 pounds , and will
be indeed of the fame appearance as the former
precipitate , only darker in colour . Phlogifticat

ed

{

L
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Į

ed alkali precipitates from the fame folution a
powder of the fame colour , but of a different cha
racter in other refpects , and in weight 142 pounds .
The production of the first precipitate is accom
panied with effervefcence ; the fecond fubfides
without any emotion in the liquor , the third is
abfolutely infoluble in acids . The fame thing is
true ofthe precipitates of nickel , prepared with
the fame alkali .

Nitrous acid faturated with an hundred weight

of regulus of cobalt , upon the addition of an e
qual quantity of zinc , precipitated only a finall
portion of flimy matter . I rendered the folution
thicker by boiling, but in vain ; for except the
flimy matter , a part ofwhich covered the plates
of zinc , no other precipitate was produced . The
zinc itſelf, as I found , upon wafhing and drying
it again , had fuffered no lofs of weight . Water
poured upon the refidue was very foon tinged

with a red colour ; and , on the admixture of ae
rated fixed alkali , afforded 135 pounds of a pre
cipitate , unuſually red . The flimy matter when
ſeparated , waſhed and dried , had a green colour ,

which the action of fire rendered blackish , and
was fubject to the attraction of the magnet ;
whence it appears to have been calx of iron fe
parated in the boiling , in the fame manner as
ochre is commonly feparated from a folution of

iron . This feruginous matter is for the moſt
part , void of arfenic ; a ſmall portion of cobalt

Dd 4 adheres
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adheres to it, and is the caufe of its acquiring a

green colour from borax and microcofmic falt . It

communicates a yellow colour to the acids in

which it is diffolved ; and without the portion of

it employed b
e

confiderable , n
o

redneſs appears
in the folution .

Sv . Precipitate ofManganefe .

THE exiſtence o
fmanganefe was but very late

ly diſcovered . Of this I have elſewhere given a

particular account . Frem a folution o
f

anhundred

pounds o
f

this metal , aerated mineral alkali pre
cipitates 185 pounds , cauftic alkali 168 , and
phlogiſticated alkali 250. The firſt o

f
theſe pre

cipitates is whitish , with yellowish brown parti
cles intermixed . The fecond is of a dark colour .
The third is at firſt green , but changes to yellow

towards the end o
f

the precipitation ; in confe

quence o
f

which the dried powder , being amix
ture o

f green and yellow , has a greenish appear

But it is always to be obſerved , that
while regulus o

fmanganefe is diffolving , a brown
powder is feparated ,; which I obtained in the
proportion o

f

feven pounds to the hundred
weight of manganefe diffolved in vitriolic acid .

This powder is micaceous ; it produces a violent
detonation with hot fufed nitre ; the fmall por
tion of iron which it contains , enables it to com
municate an orange colour to acids ; but it is in

ance .

foluble .

{
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2 From theſe circumſtances it may befoluble .

fufpected to contain plumbago .
Into a folution of an hundred pounds , or ra
ther of the foluble part of an hundred pounds,
ofmanganeſe in vitriolic acid , I put a quantity
of zinc , which I obferved to precipitate only fe
ven pounds of a brown ponderous metallic pow

der . This powder gives a green tinge to micro
cofmic falt, but renders borax red , and like cop
per, deprives it of its tranſparency . But only a

very ſmall part o
f

the precipitate can be o
f
a

cupreous nature ; for in its nitrous folution , un
lefs the folution be very compleatly faturated ,

the infufion o
f

fal -ammoniac ſcarce produces any
green tinge . If , however , the volatile alkali be
added in a larger proportion than what isrequifite

to faturate the folution , a fine white powder im
mediately falls , communicating a

s it falls a flight

tinge o
fgreen to the fupernatant liquor . This

white powder , when collected , wafhed and dif
folved in nitrous acid , affumes , upon the infufion

o
f

phlogifticated alkali , in part a green , and part
ly a yellowish colour , and fubfides to the bot
tom of the veffel : whence it appears plainly to

be a mixture of calces of iron and zinc .

Zinc then does not precipitate the manganefe

itfelf , but the extraneous matters accidentally
adhering to it . That the manganefe remains in

folution together with the zinc , appears plainly
from what takes place on the infufion o

f

alkali .

For
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For the alkali precipitates a powder that be,
comes black in the fire , tinges borax and micro
cofmic falt with the colour peculiar to manga

nefe ; which colour , however , foon fades on ac
count of the zinc intermixed ; zinc being well
known to efface the colours of glaffes .
From a faturated nitrous folution of manga
neſe, there is a precipitate of copper obtained by
the intervention of zinc ; which has in part the
red colour peculiar to that metal , and partly

that pale green appearance which a precipitate ,

even a folution of fine copper ufually exhibits .

S VI. Corollaries ..

1. Were platina only a mixture of iron and
gold , theſe two metals would , of neceſſity , be
ſeparated , upon the addition of zinc to a foluti
on of the mixture . Gold is precipitated from it

s

folutions by all the other metals , and eſpecially
by zinc . But zinc can never precipitate iron ,

even though diffolved in vitriolic acid , which in

other cafes combines but very flightly with the
metals . Wherefore , fince platina is precipitated
by zinc , without the lofs o

fany o
f
it
s qualities , I

infer that iron , though often accidentally inter
mixed in it , forms no effential part o

f
it
s fub

ftance . That which I uſed in my experiments
had only a fourth part o

f

iron , but the propor

tion varies ; and in common platina there is

fometimes

1

L



OF COBALT , &c. 427

1

fometimes more , fometimes lefs iron . In the pow

der precipitated no mark of the preſence ofiron
appeared , although I fuſed it repeatedly by the
action ofthe blow-pipe , with microcosmic falt .
2. From folutions of nickel, cobalt , and man
ganefe , zinc precipitates only heterogenous fub
ftances, accidentally intermixed with thefe me

tals . Now, as zinc precipitates all metals , ex
cept iron , it follows , that nickel , cobalt , and
manganeſe are either particular modifications

or fpecies of iron , or entirely diſtinct from it .

Some may , perhaps , fay , that two or three me
tals may be fo combined by nature , that zinc

cannot feparate them in a folution in which they

exift in natural combination , although capable

of precipitating each ofthem from a folution in
which it exifts by itſelf . To this , if proved by ex
periments , I ſhall not refuſe to agree ; but till it
be eſtabliſhed by experiments , it would be fool
iſh to receive it upon mere fancy and conjec
ture .

That nickel, cobalt and manganeſe are , as

has been thought by fome , modifications or fpe
cies of iron , may be maintained by other argu
'ments , befides thoſe above -mentioned . Iron has

much greater verfatility of nature , and is fufcep

tibleof a much greater diverfity offorms than any

other metal . Fuſed iron , cold iron , hot iron ,brittle

iron ,fteel,&c.have alldiſtinct characters : and each

of
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of them is by infenfible degrees changed , till it
be transformed into fome other . A variety ofco
lours too , red , yellow , green , azure , brown , and
others are produced in iron by different modesof
treatment , although not preciſely the fame asare

obferved in the above three metals . It is , how
ever, exceedingly difficult to feparate iron from

nickel , cobalt , and manganeſe ; as I have elfe
where fhewn particularly , in the inftance ofnic
kel . Of regulus of nickel I have obferved , that
themore painfully it is puriffed , the more does
it come to reſemble iron in attractability by the
magnet , and even the very fragments of the re
guli then attract one another . Iknow that fome
reguli of nickel are not fufceptible of magne
tic attraction . But fuch need only to be puri
fied in order to acquire this quality , especially

nickel precipitated with liver of fulphur , muft
be freed of all extraneous mixture before it can

become fubject to the power of the magnet .
There has not , as yet , been fo much pains ta
ken to purify cobalt and manganeſe as to puri
fy nickel . But the experiments which have been
made fhew clearly that iron adheres to theſeme
tals with great obftinacy , and is often attracted
by them from among other matters .
There is alſo another argument which fhews
how great the affinity of nickel and cobalt with
iron is . The pure reguli of thefe metals , though e
vaporated to drynefs with acids , yield no ochre ;

which ,
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which , however , always appears when either iron
by itſelf, or iron mixed with any other metal is
diffolved in an acid .

From theſe particulars it appears , that there
exifts a remarkable and fingular fimillitude be
tween cobalt , nickel, manganeſe , and iron ; yet

that fimilarity is by no means fo great as to induce
us to think all theſe only are one and the fameme
tal . For this can be demonftrated no other way ,

but byproducing pure iron out ofcobalt , nickel ,

or manganefe . But experiments feem rather to

evince the contrary . For pure iron is eaſily cal
cinable by fire , and becomes brittle by fufion
with fluxes . Whereas nickel not only acquires

new ductility in the fire , but refifts calcination

with obstinacy , and acquires fuch additional
weight , that it is now to water in the propor
tion of 9.605 to 1. Iron impregnated with co
balt, becomes fofter and more ductile . Cobalt ,

when free of arfenic , bears the impreflion of
fire , unaltered . Wherefore , in making finalt of
pure cobalt , an addition of arſenic is requifite ,

which they need not to uſe , who employ an im
pure calx , impregnated with arfenic . It appears ,
that fince nickel, cobalt , and manganeſe are
much more difficult ofcalcination than iron ,they
muft contain fome other metal . It feems to be
ductile , more ponderous than iron , as difficult of
fufion as wrought iron , not fufceptible of calci
nation , and not precipitable by zinc .

2. From
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3. From a compariſon of nickel , cobalt , and
manganeſe , it appears , that when pure of arfenic ,
thefe metals will fcarce melt in the fire ; when
combined with arfenic , with which they enter
very eagerly into combination , they are no
longer fubject to the attraction ofthe magnet : it
likewiſe appears , that they can ſcarce be entire
ly free of iron ifattractability by the magnet be
the teft of the prefence of iron ; when carefully
purified , they become ductile , and precipitate fa
turated folutions of filver , thus differing from iron .

Thefe qualities , juft mentioned are , therefore ,

common to theſe three metals ; but in other par
ticulars they plainly differ . For manganeſe dif
fers fo far from the reft in it

s ſpecific gravity

which is 6,850 , and in other qualities peculiar to
itſelf , that any perfon who makes experiments
upon it , can have n

o

doubt o
f
it
s being a pecu

liar fubftance . As to what has been lately af
ferted by a celebrated chemiſt , that nickel and
cobalt are one metal , only in different forms , that

has indeed fome fhew o
f

probability , if what I

have above related concerning thoſe metals bet

taken into confideration . Yet proofs of their
diverfity are not wanting . Nickel , when impreg

nated with cobalt , cannot , without great dif
ficulty , be feparated from it , and vice verfa ;

this circumſtance alone might be fufficient to

produce the miſtake . But nickel , when feparat

ed from cobalt , cannot , with any addition of ar

(

"

fenic ,
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fenic , be converted into a green glafs ; neither

is it a fit ingredient for fympathetic ink , nor does
it afford red folution with acids , or a green calx

fimilar to that o
f

cobalt . Befides , pure nickel

will melt and run into a mafs with filver , but
not cobalt ; and to precipitate an hundred weight

of filver , twice asmuch of nickel as of cobalt is

required . Lead and bifmuth are much liker to

each other , yet no body doubts their diverfity .

Although Brandt fhewed by experiments , fifty
years fince , that cobalt is a peculiar metal ; yet

fome perfons , ehiefly inSaxony ,have fince denied
that part of cobalt which ſtainsglaſs to be metal
lic . They have referred , too , to a certain ore ofco
balt (cobalt -mulm , ) which communicates a green
tinge to glaſs , and yet affords no regulus of co
balt . But , although I have not , as yet , either feen

o
r

examined this ore o
f

cobalt , I fufpect its pu
rity to be the cauſe o

f
it
s affording no regulus .

For , from what I have faid above it appears , that
pure cobalt , without any intermixture o

f

arfe

nic is extremely difficult to melt . In aIn affaying
many glaffes tinged with cobalt , withan addition

of black flux , I always obtained a regulus ofthat
metal , although but a very ſmall quantity is ne
ceffary to ſtain a large piece o

f glaſs . The preci

pitate too , produced in folutions o
f

cobalt by the
admixture o

fphlogiſticated alkali afforded , upon

reduction , a regulus fi
t

for ftaining glaſs , and was

\ /

in
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in all other refpects very like pure cobalt . Now,
fince experiments have fhewn , that none butme
tallic matters are precipitable from folutions by

phlogiſticated alkali, when the faturation is com
plete ; it follows neceffarily , that the part ofco
balt with which glaffes are ftained , muſt beme
tallic .

J

..:..

SOME



SOME OBSERVATIONS

ΟΝ

URINARY CALCULI.

Cujus re
i

natura inportionibus ejus minimis optime cernitur .

ARISTOTELIS .

ABOUTBOUTthe time when the celebrated Scheele
was making his experiments on urinary calculi ,

I , not knowing that he was fo engaged , had en
tered upon the fame taſk . In the proceſs ofmy
experiments I not only diſcovered with Scheele ,

that thoſe calculi contain a peculiar acid in a

concrete folid ſtate , but made fome other obſer

vations not correſponding to his ; but the diffe

rence might poffibly b
e

occafioned by a diver
fity of nature in the matter on which our expe
riments were made .

I was unſucceſsful in all my attempts to dif
folve calculi entirely in diftilled water , or nitrous
acid . Indeed , the more minutely the matter is

pulverifed , the fcantier is the refidue . But ,

E e fome
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fome part ftill remains undiffolved : as any per
fon may ſee , ifhe attempt the folution ofa pret
ty confiderable quantity of the matter of the
calculi in a ſmall veffel . In that cafe , what remains
undiffolved , gathers into one place , while the
liquor cools . But a ftill better teft is to put
fmall bits of calculus to the weight of a few
grains , into a copious proportion of menftruum ,

and expoſe it to a heat nearly equal to that of
boiling water ; the greater part will then be dif
folved ; but there will remain a very fmall por
tion of a fine white matter , almoſt inſoluble in
water , fpirit ofwine , acids or cauftic alkali . In
creaſe the heat to a boiling temperature ; and
the fubftance whichhas hitherto refifted the ac
tion of the folvents , will be reduced into flakes ,

and will almoſt diſappear , but will not even yet

be abfolutely diffolved . I have not been able
to procure a fufficient quantity of this matter
for a more accurate feries of experiments . But
I know that a coal which is fcarce combustible
and not foluble in nitrous acid , remains .

:

Saccharine acid produces no precipitate in a
nitrous folution of calculi . Hence it is plain to
any perſon , that thofe calculi contain no calca

reous earth ; otherwiſe it would be inftantane
ouſly detected by the Saccharine acid . But ,
having obferved , in the profecution ofmy expe
riments on elective attractions , that on the
addition of a third body to two already in com

bination
@
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!

bination , the third body , inſtead of effecting the
feparation ofthe two previouſly combined , often
added itſelf as a new ingredient in the compofi
tion ; I was induced to fufpect that in the pre
fent inftance a fimilar event took place , and
with the greater confidence , as I was certain
fome , although but a very ſmall , portion ofunc
tuous matter was always joined with fugar . The
fact confirmed my conjecture . Forby the tho
rough combuſtion of urinary calculi , I obtained
a white aſh , evidently calcareous , which effer
vefced with acids , and acquired on the infufion of
vitriolic acid , a gypfeous character ; was eafily
precipitable by faccharinę acid , and was to a
certain degree , foluble in water , &c . There
ftill remains , however , nearly an hundredth part
which is infoluble in nitrous acid . But the refi-'

due above -mentioned , forms in conjunction with
the concrete acid , the fubítance of the calculus .

The matter of the calculus may be obtained by

evaporation from a nitrous folution of it ; and if
burnt to whiteneſs , will afford a calcareous pow
der .

Pure vitriolic acid not being contaminated

with any unctuous matter , I hoped to fucceed
in examining the calx with it : and it proved fo.

For on pouring into a nitrous folution of calculi

a few drops of ſtrong and limpid vitriolic acid,

I perceived a few cryftals detached , which upon
a particular examination , and chiefly by preci

E e 2 cipitation
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1

pitation with faccharine acid proved to begypfe
ous . In a diluted folution of a calculous matter,

no change was at firſt obſerved ; but after a confi
derable part of the moisture was evaporated ,cry
ſtals began to appear . From theſe circumſtances

it appears , that there is actually quick - lime in
urinary calculi ; but in a very ſmall proportion ,
as one hundred weight ſcarce ever affords more

than half a pound .

cence .

Strong vitriolic acid diffolves calculous mat
ter , with the help of heat, and with effervef

The folution is of a black colour ; and

if a little water be poured into it , feems in fome
degree to coagulate ; but on the addition of a
larger quantity of water , recovers it

s limpidity ,

and affures a brown colour .

atMuriatic acid feems to be incapable o
f

diffol
ving calculous matter ; yet , I know not but it
may feparate a part of the lime .

The rednefs which fometimes ariſes in the ni
trous folution of calculous matter is remarkable .

When the folution is faturated , it gives no indi
cation o

f

the prefence o
f

the nitrous acid by its
fmell ; and when evaporated in a large open vef
fel , it is changed into a darkened liquor , in which
tincture of turnfole can fcarce detect any re
mains o

f

nitrous acid . Any acid deſtroys the
redneſs ; and neither the infufion of alkali , nor
any other addition can reftore it . If the moi
fture be more speedily evaporated , the folution

fwells

4
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·

fwells with innumerable aerial bubbles , and forms
a froth which is at first ruddy, and when more
entirely evaporated , becomes black . This black

matter tinges a great deal more water than the

weak folution , and is ſoluble evenby thoſe acids
which act not upon the calculus , and always the
ftronger the acid infuſed , the fooner does the co
lour difappear . Even alum , in which there is but
a ſmall proportion of acid , deftroys the colour of
this froth .

Nitrous acid acts in a fingular manner on in
flammable matters ; and as inflammable matter is

the principle of colour , hence it is eafily under
ftood why none but the nitrous acid extracts the
colour from the calculus . A due proportion of
the acid is , however , requifite to render the co
lour permanent . Diluted nitrous acid fhould

therefore be employed to avoid the inconveni
ence of an excefs ; for an excefs does not produce

too ftrong a red , but deſtroys the colour by the
abforption of all the phlogifton . Strong nitrous
acid , mixed with calculous matter , is , after a

fhort interval , converted ,without the application.
ofheat, into froth .
The acid of the urinary calculi is eaſily fepa
rated from the nitrous acid by evaporation ; the
nitrous acid being rendered more volatile by

combination with phlogiston . Alkaline falts

do not feparate thefe acids ; for it almoſt always
happens in the cafe of two acids being mixed ,

Ee 3 that
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that no difunion is produced , but the alkali at
tracted into the compofition . The red matter
which is obtained by infpiffation , is evidently dif
ferent from the concentrated acid which exiſts
in calculi ; its faturated colour , the force with
which it attracts moiſture from the atmoſphere ,
the rofe colour which it communicates to water ,
its folubility in the muriatic and other acids ,

which fooner or later deprive it of all heat ,
theſe particulars mark fufficiently the peculiari
ty of the red matter . That remarkable change is
produced , as I have obferved , not fo much by
the refidue of the nitrous acid , as by its efficacy

in diffipating phlogifton . A folution of this mat
ter produces rofy fpots on the fkin , as alfo on
bones , glafs , paper, &c . but on theſe latter , the
redreſs does not appear fo foon unleſs heat be
applied .

I forbear an account ofmy other experiments
on calculi ; as their refults were the fame with
thofe which Scheele has laid before the world .

I fhall only add , that the chemical analyſis of the
ftone in the bladder may be of great benefit to
medicine . For we can fcarce hope to find any

remedy which may afford a certain relief to the
evils of this dreadful cafe ; unleſs we firſt diſco
ver the nature of the ftone . Experience has
fhewn that lime-water and lixiviated cauftic al

kali are a medicine for this complaint ; which
might



URINARY CALCULI . 439

A

might indeed be diſcovered , had it not beenpre
viouſly known by confidering the compofition
of the calculus . But , whether all calculi be of
the fame nature , I cannot prefume , to deter
mine . New experiments are neceffary to decide
this queſtion .
1

:
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ACIDS , fpecies of
Acids , vegetable

Animal

Agricola , his writings on metallurgy mentioned 114

Arabian phyſicians , purgatives firft recommended by them 110
Adepts IOI

261Acids , common to feveral kingdoms in nature
Adulteration of corrofive fublimate with arfenic

Alchemy, whether known to the Egyptians , & c.
Alkaline falts, fpecies of
Alkalis fixed

Alum , Egyptian, commended by Pliny
Alkaline metallic falts
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Page .
260

ibid .

261
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ibid .
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f
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Bifmuth firft mentioned by George Agricola

Bitumen , bodies impregnated with it

Blowpipe , it
s utility in experiments o
n

foffils

Bricks burnt by the Egyptians

Butters , metallic , their nature and origin

Bricks , proceſs for burning them
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Corrofive mercurial fublimate
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Double perfect earthy falts

Double imperfect earthly falts
Earths
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Earthy alkaline falts
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Hiftory Natural , what

Hiftory of the acidulated waters of Medvi

Jerom , his evidence reſpecting glafs

Imperfect double falts

Incruftated organic bodies

Imperfect triple falts

Inveſtigation offoffils by fire fallacious

Ingredients in the mineral waters ofMedvi

Iron native of Siberia , malleable

Lactantius , his evidence refpecting glafs

Leather, mountain "
Lemnian earth

Library of Alexandria founded by Ptolemy Soter
Lithomarge

Lokarne mineral fprings

Magnet , examination of earths by it
Making gold , meaning of this expreffion

Medvi , acidulated waters of

Metals , fulphureous character of
Metals the uſe of, very ancient

Metals , diftinguishing marks of
Metallic falts

Metallurgy cultivated before the birth of Chrift
Metallic falts with an exceſs ofmetallic bafe

Mixed neutral falts

Mineralized metals

Metals mineralized by fulphur

Mofes fkilled in chemiſtry

Page.
2

389
121

263

259
264

Metals mineralized by the arfenical acid

Mountain cork

Mixed foffils , pofition and fituation of

224

398

13

120

193
161

95

159

403
221

129

388

235
II

242

279

Mortar prepared by the ancients with a larger proportion of
fand than at preſent 128

Mineralizing ſubſtances

228

265

113
266

279
ibid.

72

281

193

287

Mercuriel

I
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322Mercurial fublimate prepared by various proceffes

Mixture ofbodies containing mercury and muriatic acid 322
Mineral acids, their action on corrofive mercury 338

Mercurial falts , their various ufes

Manganefe , precipitates of
Names derived from the authors of new difcoveries

Native metals

'Neutral falts
Neutral falts , whether referable to a diſtinct genus
Nickel , precipitates of
Nitre was found in Egypt at a very remote period

Nitrous acid, it
s importance in the preparation o
f

mercurial

fublimate

Nuclei

Origin o
fphlogiſtic ſubſtances

Organic foffils , fpecies o
f

Organic foffils

bodies mineralized by falts
petrefaction of
penetrated with metallic particles

Oryctology

Ofmundic earth

Ofteocolla

Petræ , what
Pehrfberg , afbeftos of
Petroleum

·

373

424

303
278

263

241

420

29

metals brought by them from Spain and other
countries

Pharmacy o
f

the Egyptians , what it confifted of

325
258

284

287

236

256

257

258

214

171

ſpecies o
f

Platina , examination o
f
it by precipitation

Pharmacopoeia o
f

Nicolaus Prevoft

Phenicians , the making o
f glafs fuggefted to them by an

accident 75

259

304

195

258

283

417
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.76
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fanctioned

1
1

{
(



INDE X. 445

F

Pharmacy fanctioned in Sweden
by the legislature

Philofophy Natural , it
s

flow progreſs

Phlogifton , a principle i
n gold

Phlogiftic bodies the character
of

Phyfics ,what
Phlogiſtic fubftances

ſpecies o
f

Primitive earth

Pulverization favourable to the
folution of folid bodies

Phyfical qualities o
f

fweet mercury

Pure clay

Precipitates o
f

cobalt

Quadruple falts

Quadruple metallic falts

Remaining impreffions o
forganic bodies

Roficrucians , their origin

Sal alembroth

Salts , fynopfis o
f

Salts diftinguishing marks
of

their affinities with earth and metals

ſpecific characters o
f

them

Schorl , fibrous o
fGrænge

Separation o
f

metals by fire a
t firft probably accidental

Solubility in water , confidered a
s a property o
f

foffils

artificial limits of it

-

Steatites ofSwartvik

Sulphur

Page .

113

I

ſpecies o
f

Sweet mercury

Swediſh clay fufible without
lime

130
228

2

232

282

245

229

366

379

422
264

267

259
102

337
267
228

Species o
f

foffils mixed mechanically

Species o
f organic foffils , mineralized
by falts

Spirit o
f

wine , corrofive mercurial fublimate
diffolved in

it

234
260

195
12

229

231

285

288

333
188

252

283

359

380
Swartvik ,
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Swartrik, afbeftos of
Syftem of foffils , difficulty of founding it
Tarentaifian aſbeſtos

Terra Ponderofa

Thoyth , his ingenuity

Tiles, ordinary faults ofthem
Triple metallic falts

Triple falts
Triple earthy falts .

Page .
186

226

182

246

15

378

Tubalcain made difcoveries concerning metals

Umbrians , a falt extracted by them from the ashes of reeds
and bulruſhes

Univerfal medicine

Varieties of organic foffils
Volcanic productions

Waters of Medvi , their phyfical qualities
White mercurial precipitate

preparation ofit
diffolved inwater
adulteration of it

FINI S.

266

263
265
II

83

143

295

237

392

349

350

357
358

196Zillerthal , fchorl fibrous of

Zoroafter , the reputed author of many writings on che
miſtry , &c. 78
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