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N publibing thefe Chemical LelTures,

I fhall give fome account of their author,
in detached particulars, as they occurred to
me, during our long acquaintance and friend-
foip.

Doétor HENRY PEMBERTON was born
at London, in 1694, of honeft and refpectable
citizens. He was of a middle flature, fair
complexion, and ferious afpect.  This laft did
not arife from any gloominefs or morofenefs in
nature ; for he was of a mild temper and very

Jree and eafy in company ; but from frequent-
ly meditating on fome point of [peculation.
His fenfes were acute and delicate, efpecially
that of hearing, whence he received great de-
light from mufic, which he indulged by fre-

A2 quenting
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guenting fome operas and all Handel’s orato-
rios. He early difcovered a talent for me-
chanics, ﬂ-‘ﬂdﬂ_’y performing any manual ope-
ration, as making of fire-works, and effecting
other contrivances not unbecoming an aclive
and ingenious youth. He was generous, and
ﬁ‘ﬁf?" Jrom being envious, that he ufed to ad-
Vife and encourage fuch as fell in his way en-
dued with real gemius.  Befides he pqﬁﬁd
an extraordinary faculty in rf;’ﬂfn‘gﬂ{[bfn‘g,gf
things; confequently he reafoned always juft-
Iy, '.fza; to be impofed on by a cloud of [pecious
words, and in any difpute he was univerfally
allowed to be in the right. To crown all, his
mind was of the beft difpofition, he having
the higheft regard for - honour and honefty s
infomuch that cfariﬂg the very many years I
was moft intimately aﬂgw:&iﬁrfd with fum,
awhich I efeemed as the greateft felicity of my
{ife, I never knew him to offend aggaﬁgﬂ their
Soricteft rules.

I his youth, his health being precarious, ﬁa
‘qaas fent to a country grammar-fchool at
Guildford in Surry ; where, from his fagacity
and (g’zl’zgff:&f, he readily became mafter. of all

the
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‘the learning, that place could afford. Here
he met by accident with books on mathemditi-
val fubjetts, fome om the practical parts,
others-on algebra. Upon thefe he made very
pertinent obfervations, dijtovering a furpriz-
ing degree of invention in thofe ftiences,
awhich . he thenceforward cultivated with
great _fuccefs.

Returning fo London he read the - higher
claffics with Mr. fohn Ward, a gentleman
perfeltly acquainted with whatever related
to the knowledge of antiguity, who was after-
wards profeffor of  rhetoric many years at
Grefbam  college, and doflor of civil law.
His pupil thence recerved fuch an impreffion
of the excellency of thofe writers, that he be-
Jftowed much time upon them, and with what
Juccefs he has given proofs to the public.
Now he met with Dr. Halley's fine edition of
Apollonius’s Conics, rejoicing that fo large a
volume was written on his beloved fubject.
This he read over withinfinite delight. Nay iu
the courfe of bis life hehad read it over thrice;

Jfolving the problem to four Lnesaccording to
the friGteft intént of the ancients, which was
. pub-~
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publifbed a long time after in the Philofophi-
6al Tranfactions(a).

As he defigned for the profeffion :y“ mfdzcme,
he repaired to Leyden, in order to attend the
colleges, as they are there called, of the fa-
mous profeffor Beerhaave.

Here a gentleman lent him fir {ﬁmr New-
ton’s Principia, which was then prodigioufly
Sfearce. But great was his furprize, when,
contrary to what he had fo often heard, he
Jfound that bosk written in a moft clear man-
ner; fo that he went through it without the
leaft impediment. He no /lefs admired the
difcoveries made in the optics, and fir Ifaac
Newton's manner of treating the quadratures.
From the introdultion to that treatife, he ac-
quired a true idea of the methods of prime
and ultimate ratios, and of fluxions, which was
afterwards in 1735 publifbed in Mr. Ro-
bins’s difcourfe on thofe fubjects. In the enu~
meration of the lines of the third order he
deduced the equations moft readily and without
any ambages,

(a) Vol. 53. 1763. |
Here
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Here he met with Dr. Halley's edition of
Apollonius de Sectione Rationis, which he
could not fufficiently value; as thence he be=
came acquainted with the geometrical analyfis
of the ancients, which he much valued, and
afterwards frequently practifed.

He alfo folved the problem the foreign ma-
thematicians had with _fome fort of infult pro-
pofed to thefe of England. '

His modefly and backwardnefs of putting
himfelf forwards made him little taken notice
of, but an accident procured him much fame,
The profeffor, amar}g other his colleges, gave
one upon the fubjett of wvifion; here he com=
mitted many miffakes in the fcience of optics:
of thefe our young geometer modeftly informed
him in a letter. The profeffor, far from tak-
ing this amifs, every where [poke of it witl
the higheft commendation, boafting of his hay-
ing fo great a genius for his pupil, and fre-
quently confulting him about fome point in the
Newtontan philgfophy.

Hence he went to Paris to perfelt himfelf
in the praélice of anatomy, to which he rea-
dily attained as being dexterous in all manual

A 4 ope-
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apama‘z’am.' Now there happened  a féfd"éy
accident 5 for the large library of the abbé
Gallois was fold by auttion. - Among other
books there was almoff a complete fet of ma-
thematical ones, both ancient and modern.
Hence he furnifbed himfelf with good [lore.
In perufing this treafure he chofe to begin
with originals. Of thefe he admired Lucas
Valerius's (an author now unregarded) de-.
termination of the center of gravity in_folids.
OFf this he a long time after informed fir Ifaac

Newton, who allowed it to be moff elegant.
Though Dr. Halley had afferted, that Ro-
bert Anderfon firfl fhewed how from an emi-
nence to firike an objeét, yet this is in Torri-
celli.  Among the books there was'a trait in
4to0, ntitled De novis Spiralibus Exercita-
tiones duce, Sec. Authore P. Petro Nicolas
Tolsfee, 1693. This he read with great
pleafure, as the demonfirations proceeded not
inelegantly on  prime and wltimate ratios.
Now he improved Huygen's folution of Al-
hazen's problems, which was publifbed in
Mr. Robins's Remarks on Dr. Smith’s Com«
plete Syflem of Optics. Afterwards he per-
| 2 Jormed
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Jformed what was much more difficult in giv-
ing the determinations of that problem(b).

On perufing Regiomontanus, Vieta and
other writers on trigongmetry, he made feve-
ral improvements in that ufefu! branch of the
mathematics 3 fome of which have been pub-
lifbed very many years after in our Philofo-
phical Tranfactions (c).

He- alfo made a collection of curious pro=
blems, which he folved by the ancient analyfis,
infending to write on that moft elegant, though
negletled fubjelt.

In his return to London, he happened to
Sfhew Dr. Keil lus folution of the foreigner’s
problem, with which the doftor was fo pleafed
that he immediately carried its author to fir
lfaac Newton, believing the good knight
would be glad to find there was fo promifing a
‘genwus. - But fir Ifaac Newton then took no
further notice of our young geometer, which
was a great detriment to them both, as after-

(b) In the appendix to the fecond volume of Mr.
Robins’s Mathematical Tradls, printed in 1761, p. 303.

(c) Vol. gr.part 2d. 1760. Among his papers is a thort
hiftory of trigonometry from Menelaus to Neper,

wards
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wards appeared. This coldnefs was believed
to proceed from fome ill offices done by a male-
volent perfon, who then had fir Ifaac’s ear.

Now he became acquainted with Dr.
Mead, to whom he had been before recom-
mended.  He alfo attended very affiduoufly
St. Thomas's Hofpital, lodging with a rela-
tion, an apothecary, in order to be acquainted
with the London practice.  Though he thus
made himfelf perfect mafter of all the branches
of phyfic, he rarely praétifed it, owing to the
Sickle flate of his health.

In 1719 he returned to Leyden, there to
take his doétor’s degree.  The pregffﬁr Boer-
hagve retaining a great efteem for him, obliged
him to lodge at his houfé during his abode in
that place. The queftion maintained in his
thefis was, By what power is'the eye enabled
to difeern diffinétly objects at different di-
Sflances.  This is determined to be owing to a
change made in the chryflalline humours.
The demonflrations there ufed, he afterwards
rendered much more elegant, which he in-
tended to publyfh in another edition.

He
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- He became fiill more familiarly acquaint-
ed awith  Dr. Mead, to whom he was
greatly affiflant in the dofior's writing on the
plague, efpecially in the eighth edition of the
book, itn which all the objellions that had been
raifed were fo thoroughly anfwered, that ng

wmore ever appeared.
The firft [pecimen he gave the public of his
Srill in what they call the fublime geometry,
was by accident. Seeing at a bookfeller's fhop in
oneof the Acta Eruditorum,a problem propofed
as very difficult by Mr. Sfohn Bernoulli, he im-
mediately folved it. The folution was publifh-
ed wwithout his name in the Philsfophical
Tranfaitions, No. 372. dnn. 1722, and af-
terwards among f the collection of M. Bernoul-
ii's works. But the folving of thefé kinds of
barren problems he looked upon with fir Ifaac
Newton to be no better than cracking pebbles.
Then Mr. profeffor Smith of Cambridge ad-
vertifing, that he would reprint Mr. Cotes's
Logometria, adding other works of that exr
cellent perfon 5 Dr. Pemberton in converfa-
tion obferved to him, that Mr. Cotes had
given an mdiftinét idea of ratios, and what-
ever
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evér may be done by what he calls their mea=
Sure and that of angles, might be effected by
the means of the circle and hyperbola. The
profeflor not only denied this with warmth,
but in the preface to Mr: Cotes's works,
printed in 1722, admonifbed the dottor, but
without naming him, to lay afide all preju=
dices, and to confider thefe things more atten-
tively.  Upon this the dofior, in an epifile
to me, proved what he had advanced, de-
monftrated Mr. Cotes's excellent propofition,
which the profeflor had not she, and folved
the thirteenth problem of the third book of the
Principia by a conic feétion, of which fir Ifaac
Newton has taken notice in the laft edition.

As he defired nothing more than to be ac-
quainted with that great man, ke was compof-
mg, to bring this about, a treatife giving a
Jamiliar account of fir Ifaac’s difcoveries in.
philofophy. But an unforefeen accident fffé?*
ed this moft completely.

Signor Poleni  produces an fxpfrfmm!,
which, he thinks, eflablifbes beyond contradic-
tion the truth of Mr. Letbnit2’s notion of the
foree. of moving bodies.  Dr. Pemberton

* wrote



RS B B2 AR Ot Bl xiil

wrote a paper containing a full confutation,
which Dr. Mead fbewed to fir 1faac Newton.
The knight was fo well pleafed with it, that,
as great a man as he was, he condefcended to
vifit the doétor at his lodgings, bringing along
with him a confutation of his own grounded
on other principles.  Both thefe were imme-
diately printed in the Philofophical Tranfac-
tions, No. 373, An. 1722, Hence followed
a_free intercourfe between thefz two perfons,,
whofe converfation turned upon mathematical
and philofophical fubseéts. Sir Ifaac Newton
was one of the modefteft men in the world, fo
that he even folicited Dr. Mead to prevail an
Dr. Pemberton to affift him in making a new.
edition of the Principia.

 But in the mean while Dr. Langwith, de-
feribing in. the Philofophical Tranfactions,
No. 375, An. 1723, an appearance in the
rainbow not yet taken notice of, Dr. Pember-
ton accounted for ity and gave by the ancient
analyfis two_folutions relating to the rainbows,
the laft containing that of a folid problem.

.. Again Dr. Mead publifbed in 1724 a pom=
paus edition ¢f Cowper's Mufcles : to this was

pre=
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premifed a moft elaborate differtation, written
by Dr. Pemberton, en the altions of thefe of
the human body, Here was, fhewn the error
Mr. fohn Bernoulli committed in determining
the figure of the cells into which he imagined
each fibre of a mufile was divided. Mr. Ber-
noulli replied, and heedlefly attributed the
differtation itfelf to Dr. Mead. It contained
proafs of the mofl profound feill in anatomy
and geometry; the demonfirations were alfs
grounded on prime and ultimate ratios.

But now the edition of the Principia was
enteved upon. As the dollor lived a great
diflance from the author, he moftly [ent him
letters from time to time, containing obferva-
tions on the book. Thefe were recerved with
the utmoft goodnefs, and accordingly many al-
terations were made, more were intended, but
prevented for want of time. In particular his
friend Dr. Brooke Taylor informed him, there
was a miftake in relation to the preceffion of
the equinox, and fhewed how to rellify it.
Dr. Pemberton for his care was rewarded
moft nobly, according to the natural generofity
of the authory which even old age could not in

I ' the
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the leaff diminifb. But béfides, what the
doétor Rill more walued, in the preface he is
faid to be ¢ Vir harum rerum peritiffimus.”
The omiffion of the feholium, that mentionéd
M. Leibnitz, was highly refented by the fo-
reigners 5 but of this I have [poken elfe-
where(d). One author indeed (&) has had the
hardinefs to infinuate, it was omitted without
Newton's confent. Now I am a witnefs, that
he ordered it to be left out, and the new feho-
lium to be fubffituted in its place, which was
ntirely compofed by fir Ifaac Newton, and
printed from his own hand-writing.

Dr. Pemberton thought now a proper op-
portunity offered for publifing his abovemen=
tioned treatife, which he begun fo read to fir
Ifaac Newton, who highly approved of it.
But he died fuddenly 5 however the book was
printed in 1728, by a very numerous fubfcrip-
tion, with the title of A View of Sir Ifaat
Newton’s Philofophy. In the preface he men-
tions his connellion with that great man, and

(d) In the above-mentioned Appendix, p. 327.
(¢) Hiftoire des Mathematiques par M. Montucla, i
Paris, 1758, vol. ii. p. 338.

grves
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geves his opinion of the mathematical writers fir:

Iaac Newton moft efteemed. As that work by
the manner of publifbing it fell into the hands of
great numbers, who could not have the leaft idea
of what it treated on, they exprelfed themfelues
diffatisfied with it 3 but it muf} be owned, to be
an excellent performance, and to anfwer fully
what the author propofed. It has been tranf-
lated into Italian and French.

He would have publifbed Newton's Trea-
tife on Fluxions, but the owners of the copy
afked more money, than the bookfellers cared to
advance. |

Then the doctor advertifed he would pub-
lifb a comment on an Englifh tranflation of the
Principia; and 1 find in his copy a great num-
ber of papers written for that purpofe; but
a tranflation very fuddenly appearing, bin-
dered him from executing that defign. And
indeed he began to grow weary of mathemati-
cal [peculations.

When king George the fecond vifited the
univerfity of Cambridge, the doétor had there
an honorary degree of doctor in phyfic confer-
red upon him. |

Being
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Being chofen profeflor of phyfic at Grefham
College, he undertook to grve a Courfe of
Chemiftry, which was improved every time
he exhibited it. This was univerfally ap-
plauded 5 infomuch that the college of Phy/i-
ctans engaged him to review therr Pharmaco-
paia, in order to make a new edition, puried
wntirely of every trifle, that had fo long dif-
graced it.

For this purpofé a committee was appointed.
And the dobtor made experiments on the pre-
Jeriptions, and drew up two plans, containing
reafons for the intended alterations.  Accord-
ingly the Pharmacopaia corrected came forih.
The college not doubting but it would be put
mnto Englifh, defired the doctor to undertake
that tafk. This he perforned, premifing a
narrative, and adding remarks on maft of the
preferiptions, being the fubflance of the plans
he had laid before the college. Hence it ap-
peared, how well he was acquainted wit/
pharmacy, and how mean an opinion he had
entertained of moft of the writers on that

ﬁ;éjﬂﬂ.

a I men-
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I mentioned the doltor's readinefs to affif}
any one of parts.  How he behaved to Mr.
Robins I have lorgly declared in the preface to
the latter's Mathematical Tradls.

About the fame time was recommended to
the doltor a young gentleman, Mr. Glover,
Juft come from [chool. As he was indued with
a difpofition and capacity to fucceed in any
kind of fludy -whatever, the dottor advifed
that of the mathematics, informing him of
the moft genuine authors ; and alfo to perfeét
himfelf in Greek. The branches of the ma-
thematics prape*r Jor a gentleman to know
he readily learnt; with thoroughly compre-
hending  their nature, and percesving -the
Jorce of the manner of reafoning ufed in thofe
feiencess in time he rendered himfelf mafler of
ihe Greek, and of the authors awrittenin that
copious language. But Mr. Glover poffefled
befides an extraordinary talent for poetry, and
from verfes he had early compofed, was form=
ed the admirable poem of Leontdas. . This be-
jng publified in 1738 (f), the dollor, whq

(f) In 1770 came cuta fifih edition ﬁu'gmen-ted.

enter«
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entertained ‘particular notions about this fub-
JeET, took an opportunity of printing them in a
pamphlet, (g)intitled Obfervations on Poetry,
efpecially the Epic, occafioned by thelate Poent
upon Leonidas. This fhewed the great judg-
nzent and learning of the author, and it was
received by the public with fingular approba-
tion, no objeflion having been ever made to
what was there advanced. Abroad a writer
of a literary journal having given an account
of the doclor’s pamphlet adds, <« Ceterum auc-
““tor de epico et tragico carminis gemere ra-
“ tionem ducem fideliter fecutus eft (h).”
The poem of Leonidas procured Mr. Glover
to be a great favourite with lord Cobham,
and confequently to be well known to his lord-
Ship’s nephewws and their acquaintances. To
thefe Mr. Glover recommended Dr. Pember-
ton, awhom they honoured by befpeaking and
attending a courfe of his chemifiry. As thefe
were the patriots of the times, the doffor,
having thoroughly confidered the writings of

(g) The author has left 2 copy with additions.
(h) Nova A&a Eruditorum, O&ob. 1747, p. 598.

a2 55&;_.
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Machiavel, Harrington, Newil and c?rfzrm:%'
drew up a plan of a free flate with a king at
- the head.  This was much admired 5} ﬁm‘t as
had read it ; and mary years after his friend
Dr. Brocklefby prefented o copy to the late
right honourable Charles Townfend chancellor
of the exchequer, who fo well approved of it
and its author, as to efpoufe his caufe when
the city thought fit to demolifb Grefbam col-
leges but 1 do not ﬁrza’ a copy of it aneng
his papers. |

Mr. Weft being about publifbing his Tran/~
lations of Pindar, the doltor pﬂﬁﬁfﬁ'd ,&k}fa:'
with ¢ fucciné? account of the ancient aa’e{
which was printed in the preface, where the
author flyles him lis learned .-:;.r:d m‘gfmam
Jriend.
- Though he had difecontinued all ﬁ:a@rﬁsm::z‘f-{:
cal purfuits, yet he was drawn on Mr. Ro-
bins's account into a controverfy about Sux-
ions. But of that I have [poken in ano-
ther place (1).

For many, years paff he had accuffomed
himfelf to ride with Jfome agreeable friend

(i) In the above-mentioned Appendix.

: every
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every fuinmer Jor his health's Jake aver diffe=

vent parts of the #ingdom. Here he took an

opportunity of vifiting our mines and the [hops
of our woikmen, as appears from his Cour /e of
Chemsfiry.

During the neglel of mathematical fludies,
he ufed fo amufe himfelf with compsofing on va-
#ious fubjelts ; for he never could be idle, whilft
he enjoyed any tolerable degree of health. On
our attempts to alter the flyle, he wrote a
learned differtation on that affair. But in my
opinion much need not be faid on a thing fo 6b=
vious. The beginning of the year fhould be on
the fhorteft day, but it bring mow fixt, it muft
fland as at prefent.  Clavius has defined ex-
actly enough its length.  The confideration of
the moon oughi £ to be intir ely laid afide, as ifs
motion and that of the fun are incommenfurable,
and therefors never can agree.  Befides here
the moon is quite ufelefs, having no relation to
the ﬁaﬁm. 1t was at firf} introduced through
nere ignorance, and continued through jfuper-
Sflition. The moveable feafts, we make to de-
pend on its motions, may be properly fixt in
/&me part of thofe months, which they feem ori-

a3 ginally
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ginally defigned to occupy. Again a projed
was offered for reducing our weights and mea-

Jures to the fame [landard throughout the na-

tion. Accordingly a committee was appointed,

and a long narrative publifbed for this purpofe.

Buz it abounded with fo many miftakes and ab-

Sfurditiesy that the doclor was prevailed on fo
write on the fubjelt. This being a very intri-

cate affair took up much time; and I believe

he never perfelily finifbed what he intended.

On his prefent majefly’s acceffion to the
crown, Samuel Martin, efguire, procured the
doltor a penfion, and that in the genteeleft
maniter, without grving him before-hand the
leaft hint of any fuch defign. Mr. Martin had
‘been one of the dollor’s travelling companions,
and wall acquainted with his merit..

Noaw he very much contraéled his acquaint-
ance.  Dr. Letherland, who poffeffed o fine a
tafte in geometry and polite learning, and
Matthew Raper, efquire, were of ancient

fanding 5 but the firft was dead, and the other
refided generally at his feat. in the country.
So the dotlor confined his conflant vifits tohis
belaved niece's family, Mr.. Glover and his

[riends,.
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friends, together with fome worthy merchants
in the neighbourhood, where the time was
paffed mofi agreeably on all fides. |

But fome years before, being attacked -wr;‘.&
& wiolent fever, which terminated in a deflux-
ton on the legs whilft he was under the fur-
geon’s care, his inclination jfor the mathema-
tics revived, and he compofed a differtation
on eclipfes, which had like to have been pub-
lifbed in the Philofophical Tranfaclions, but
was prfwﬁrm' é}f an accident.

He began to print feveral differtations-on
mathematical fubjeéts. One was on the Loct
Plant; the reft I have afrmdy mentioned. He
awauld have gone on jo to do, had he not been
prevented by death ; he was preparing for
the prefs a folution of all the cafes with their
determinations of the ancient problem de in-
‘clinationibus, which was a performance of his
youth.

But in 1770 be was feized on by a moft vio-
lent diffemper, which, his friend Dr. Reeve
thought, proceeded from an obfiruciion in the
gall-bladder, and indeed the patient was co-
wered all over with a jaundice hue. Out of

a 4 this
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this e unexpectedly recovered; the yellownefé
intirely difappeared, and he feemed thencefor-
ward to be more hearty and of better [pirits
than ever. However, in March, 1778, he
was attacked by the fame diftemper, which
carried him off in two days time, to the grief
of all who had been happy in his acquaintance.
His fortune, which was confiderable, he
left to a wvery worthy gentlemain, Mr. Henry
Mills, awho is married to his mece, by which
amiable perfon he has iffite two fons, both of
age; in perfelt health and firengthy very fober
and diligent i bufinefs.
Among his papers were many mathematical
ones s as demonfirations of the [pherics and
[pherical projections, enow to compofe a trea-
tife on thofe fubjects 5 a differtation on Archi-
medes’s fkrew 5 improvements in gagemng ; to
Jind in a given latitude the point that afeends
the floweft of any in the ecliptic; to find in the
ecliptic an arch of a given length, which will
be longer in rifing than any other arch of the
Sfame length 5 to find when the obligue afcen-
Sion-differs moff from the arch to which it be-
longs s the principles of Mercator's.and mid-:
4 dle
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dle latitude failing ; to find the heliacal rifing
of a flar 5 to compute the moon’s parallax ; to
determine the courfe of a comet through a pa-
rabolical orbit; with others, all moft elegant-
ly performed.

The Courfe of Chemifiry he intended to im-
prove by making farther experiments, and to
change its -form; which caufed bim never to
publifh it in his life-time. But he was by va-
rious accidents prevented from profecuting his
purpofe. However, though it wants the ad-
vantages it might have recerved, 1 now print
it from the original manufcript, believing,
that all lovers of the art will be pleafed to
Jind here its operations explained on genuine
principles.

As he ufed to deliver out fchemes containing
an account of the defign and the contents of
his courfes, I have here printed one of them,
altered in fome things, in order to accommo-
date it to the laft review he made of his lec-
tures.

JAMES WILSON.

I.lﬂﬂdﬂﬂ,
Auguft 10, 1771,

A
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FOR A

COURSE of CHEMISTRY.

THE defign of this Courfe is to explain
both the practical and philofophical part
of chemiftry.

In relation to the firft will be exhibited the
preparation of all the chemical medicines in pre-
fent ufe, with an explanation in particular of
the regulations now eftablifhed by the college of
phyficians in their new difpeniatory : alio the
imelting, refining, and fuch like procefies on
merals ; together with other operations in thofe
trades, or employments, which depend upon
the principles of chemiftry.

In all thefe it is propofed to defcribe in the
plaineft and fulleft manner the method of pro-
ceeding 1n each operation, and to deliver the
caurions neceflary to be obferved in them.

WitH regard to the philefophical part of che-

miftry, the praltical procefles are difpofed in
{uch
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fuchanorder, as may bé moft conducive towarts
thewing the reafon, and true effects of each ope-
ration ; and fuch others are added, as are requi-
fite for explaining the difcoveries, which have
hitherto been made in nature by chemiftry, be<'
fides fome attempts towards farther advances. °

In the progrefs of thefe experiments will bée
given an aecount of the effential difference be-
tween animal, vegerable and mineral fubftances ;
of the nature uf nutrltmn, vinous fermentation;
and putrefaction ; of the nature and different
operation of menftruums, wherewith bodies are -
diffolved ; of the nature and operations of the
air, how aqueous vapours and clouds are fuf-
pended in 1t, by what means it caufes bodies te
burn; and why it is preyed upon by them in
burning; how air is generated in fermentations
and diftillations.

In general it will be thewn to what prinerple |
bodies owe the confervation of their diftinét
forms, and what powers procure thofe changes;
whereby the face of nature is perpetually v:.lrmt!
and renewed.

THE fubjedt of each lecture follows.

PR O S
Of chemiftry, and its operations in general,

i ] WAL B e

T e threefold defign of chemiftry ; the prm-“
duttion of metals, the improvement of medi-
cine, and of natural philofophy. The I.'liﬂ, and-.-

pmarcfs of the art, W 30
. LEC-
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LECTURE IL"p. 16,

Tre nature of heat explained upon fir Ifaac
INewton’s principles, and the doCtrine confirmed
by experiment,

LECTURE IL p. 37

Or chemical operations, and the requifite in-
{(truments 1n general.  The divifion of the ope-
rations of chemrﬁry into analyfis and compofi-
tion. Concerning volatility and fixity, and the
difference between diftillation and fublimation,
with the inftruments of each.  The inftruments
for melting and calcining. Of digeftion, and its
inftruments.  Of lutes and hermetical {ealing,
with the method of cutting off the fuperfluous
parts from glaffes. The various kinds of heat ; 3
that of wal:tr, of fand, the open fire, and the
two kinds of the reverberatory fire, with the
furnaces for each of thefe heats: alfo the
blaft and wind furnaces 3 as likewife the athanor
for continuing an equable degree of heat any
length of time without intermiffion, and with
fmall attendance; alfo Vigani’s ex tempore
- furnaces campcﬁ:d of loofe bricks only, to be
fet upand taken down at pleafure, wherewith all
the operations of chemiftry may be commo-
dioufly performed by thofe, who have not a fixt
laboratory. Of the ﬁ:vtral forts of fewel. Of
clays and bricks, particularly Windfor loam,
smd the Stourbridge clay. Of the feveral forts

of weights,
LEC-
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LECTURE 1V, p: 63/

Or chemical analyfisin general.  The chem-
cal principles produced by the analyfis of bodies
enumerated. In particular of water; why it
dilates in freezing; experiments with freezing
mixtures, and the caufe of their operation confi-
dered. Of falts and fpirits ; the acid, alkaline,
and neutral ; the criterions, whereby to diflin-
guifh acids and alkalis. Of oils, and their in-
flammability : burning confidered, with the of-
fice of the air in it illuftrated by experiment;
alfo why water extinguithes fire. Of earth, the
fifth principle. Of the aerial vapour feparated
from bodies by diftillation, :

LETCTOURE Y s, §o

Or chemical compofition in general. Of
menftruums ; their action explained ; why heat’
promotes it ; experiments on the heat and cold’
produced in mixtures and diffolutions, and the
caufe thereof confidered : concerning precipita-
tion and cryftallization. Why {alts fhoot in
different figures, |

PaorAl T s gl
Of animal and vegetable [nbftances.
By C LU REGYI sh. op.

Avivar and vegetable fubftances analyzed
by diftillation ; whereby all of the animal, and
fome of the vegetable arc fhewn to produce an

‘ 2 alka-
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alkaline fpirit, and falt, befidesan oil ; the reft
of the vegetables containing an acid {pirit with
an oil 5 all leavinga black coal to be farther ex-
amined hereafter. Milk and urine confidered
particularly, and experiments made with the
phofphorus of urine. Charcoal how made.
The aerial vapour collected.

LECTURE VIl p. 106

Tue purification and farther analyfis of the
falts, fpirits, and oils of the preceding lecture.
How oils are feparated from watry liquors, The
diftillation of the natural balfams exemplified
in turpentine ; whence rofin, both yellow and
black : how turpentine is gathered, and how
tar and pitch are made. The diftillation of ef-
fential oils : why thefe oils and refines rife fo
freely, while other oils lighter than feveral of
thel can be obtained only by exprefiion. The
{fublimation of benjamin and camphire,

LECTURE VIL p. 122.

Tue aerial vapour ariftng from animal and
vegetable fuoftances in diftillation farther con-
fidered. The effects of burning animal and ve-
getable fubftances in the open air: the fixt alka-
line falt of vegcrables prepared 3 Tachenius’s
method ; how pot-athes and pearl-athes are
made : {oot diftilled. Refletions on what hath
preceded. | :

LEC.
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L € T-URE X p, 138,

On fermentation and putrefaétion. What re-
lation {weetnels bears to vegetable fermentation s
bere fugar diftilled: fermentation defcribed in
its whole progrefs to the making firlt of beer and
wine, then of vinegar; and the nature of this
operation inquired into: the inflammable fpirit
diftilled from wine, and farther purified ; of rec-
tified and proof fpirits, with the method of exa-
mining the ftandard of fpirits : vinegar alfo di-
ftilled : the original of tartar, and other effential
falts ; the purification and diftillaticn of tartar;
cream and cryftals of tartar. How fermentation
may be ftopt or promoted. The effects of pu-
trefadtion ; whence animal digeftion explained.

L ECTURE" X, A0y

Comrposttions from the productions of the
preceding analyfis confidered ; and the firlt of
the compofitions by the fpirits and falts : here
fixt alkaline falt run per deliquium, as it has
been commonly ftiled : alfo {pirit of wine reti-
fied by thefe falts. Thefe falts fermented both
with the acid of vinegar, and of tartar ; whence
the fal divreticus of the prefent difpenfatory, and
tartarum folubile. The effects of the acid of
vinegar on coral, and the like terreftrious fub-
ftances. Magiftry and falt of coral.

LECTURE XIL''p. 16i.

 COMPOSITIONS by the means of oils and vinous
fpirits, Soaps a compofition of oils with fixt al-
" kaline
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kaline falts: foap of tartar: why I:hefe falts
caufe a fudden feparation of the volatile falt
from freth urine.” The tincture received by
{pirit of wine from thefe alkaline falts confidered.
The folution of effential oils and volatile refines
by fpirit of wine : tintures drawn from vegeta-
bles by wine and its fpmt here extracts and
refines.

-l o 1
Of FOSSILS.

LECTURE XIL p. 169.

Or the foffil and fimilar falts; of fea-falt, ni-
tre or falt-petre, alum, vitriol, and borax ; their
cryftallization. Thefe falts confidered particu-
larly. Their diftillation, and re&ification of
thmr acid fpirits. The calcination of vitriol.
Itsoil.  Glauber’s fal mirabile. A falfe tarta-
rum vitriolatum. Aqua regia and fortis. The
dying of fcarlet. Why Glauber’s {pirit of fea-
falt and of nitre fmoke inceffantly ; and why
acid of vitriol expofed to the air increafes in
bulk. Here occaﬁc}naily how vapours are raifed,
and why condenfed into clouds. How each of
' the fofiil falts is obtained originally.

I__..ECTURE XIIL p. 187.

SavTs farther confidered. The effeéts of the
acid fpirits of the preceding lecture on one an-
other, and on other bodies : thefeacid fpirits fer-

, mentf:d with the fixt alkaline falt of vegetables,
b and
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and what falts are thence produced ; here tarta-
rum vitriolatum : the like experiments with the
“volatile alkali ; here the compofition of fal am-
moniac, with its fublimation : the earthy part
of all thefe falts, except nitre, precipitated by al-
kaline falts; whence fome light into the nature
of nitre: the fixt alkali more powerful than the
volatile ; hence the decompofition of {al ammo-
niac by a fixt alkaline fal, the fpirit of fal am-
moniac. The purification of animal falts b
{pirit of fea-falt, and falia volatilia oleofa, The
nature of the pigments made with alum : the
Pruffian blue here prepared, and thewn why a
large quantity of this coloured terreftrious fub-
{tance is produced from two tranfparent liquors:
the ufe of alum in dying. The detonation of
nitre. Nitre increafes the inflammability of bo-
dies. The effects of the phofphori explained,
and what part of the air aids the burning of bo-
dies. The acid {pirits difpofiefling one another ;
the acid fpirits dulcified by {pirit of wine, The
{piritus vini @therius introduced by Frobenius.
Here explained why {pirit of wine reftrains the
fermentation of vinous liquors. Why the ferum
of the blood and whites of eggs are coagulated
by heat, and the difference between the fat of
animals and the oils of vegetables confidered,
The etfeéts of the acid fpirits on oils and cam-
phire.

LECTFURE XIV. . p.0o1,

Or mineral fulphurs. Whence _cnmmmf
brimftone obtained. Here the general defini-
‘ tion
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tion of fpars; and of mundics, otherwife called
pyrites or marcafites. Common brimftone de-
compounded; whence {piritus fulphuris per
campanam, and the aqua fulphurata of the pre-
fent pharmacopceia: why the fmoke of brim-
ftone checks vegetable fermentation : how bitu-
mina differ from fulphur: fulphur not to be ana-
lyzed by fimple heat, fubliming intire into
flowers : fulphur diffolved in oils, and by the
help of fixt alkaline falts in water: here the
balfama fulphuris, and hepar fulphuris. Magi-
fterium f{ulphuris.  Sulphur fulminated with
nitre ; whence fal prunella, and fal polychreftus;
the compolition of gun-powder. The ufe of
corning gun-powder. Pulvis fulminans. The
general ftructure of rockets, bombs, granadoes,
and other fire-works, with the reafon of their
effects. Homberg’s phofphorus made. Orpi-
ment here confidered, and that ambiguous fub- -
ftance amber.

EECTURE XV. psgi6:

On ftones. Gems. What ftones will make
glafs, and how the operation is performed ; why
glafs, when melted, is wrought by blowing,
whereas melted metals are caft in a mold. On
lime: plaifter of Paris. Phofphorus of alum
accounted for: aqua calcis: the acrimony of
fixt alkaline falts, improved by lime into a cau-
ftic ; whence lapis infernalis and the other com-
mon cauftics in furgery : the action of lime on
fal ammoniac, whence {piritus falis ammoniaci
cum ecalce. Mr. Boyle’s fuming liquor with

b2 {ul-
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fulphur, lime, and fal ammoniac : fympathetic
ink with lime and orpiment. The ufe of lime
in making foap; here foap, both hard and foft,
prepared : the ufe alfo of lime in making and
refining fugar: fulphur diffolved by lime,
whence {fulphur precipitatum, cnmmnnly called
lac fulphuris, The phufphorus of Balduinus
defcribed.

B AR T
METALLURGY:

LECTURE XVkip.231

GeneraL charafter of metals, perfett and
imperfect. The calcination of the metals. How
lead, tin, copper; iron, and quickfilver are cal-
cined by our fires; whence from lead miniuny.
Silver and gold not reducible to a calx but by
* burning-glafies. From quickfilver mercurius
calcipatus, ufually called precipitatus per fe;
alfo from lead, litharge. From lead and tin to-
gether the powder called putty, wherewith me-
tals are polithed; how this differs from the putty
of the glaziers. Lead is ufed in plafters. From
iron, crocus martis aperiens ; from lead, vitrum
faturni and flint-glafs. The manner of glazing
earthen wares here defcribed. The particular
phxnomena in the calcining of metals by the
burning-glafs. How calcined metals may be
reftored. Spelter fhewn to flame upon melting.
The caufe of calcination, and of fuch reftitution.

LEC-
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i:ECTURE XVIL p. 249

. “The a&tion of the acid fpirits upon metals,
“Thofe of nitre and fea-falt fuffice for diffolving
all metals, Thefe {pirits fometimes corrode the
metals into powder only, fometimes diffolve and
convert them into a falt capable of cryftalliza-
“tion, whence the lunar cauftic. The precipita-
tion of diffolved metals, hence aurum fulmmans,
mercurius precipitatus albus, How gold is re-
fined from filver. By oil of vitriol diffolving
iron, is made fal martis; by corroding qmckﬁ[-
ver, “turbith mineral. Hence alfo vieriol of | iron,
and oleumn martis per dehqmum. Tin diffolved
in vinegar produces fal jovis. From lead and
vinegar, faccharum faturni. The making ce-
. rufle.  From copper and vinegar, verdigreefe.
Irom rpznt of "nitre and qmckﬁivﬂr, mercurius
precipitatus ruber and arcanum  corrolinum.
Filings of iron and tartar produce chalyos tar-
- tarifatus and Helvetius’s fiyptic. The aétion of
thefe acid {pirits on the imperfet metals, whenee
magifterium bifmuthi.

L B¢ TURE XV p. z6a;

Tue attion of {olid falts upon metals. Here
mercurius fublimatus corrofivus, its ufe in refin-
ing gold. Mr. Boyle’s perpetnally fuming li-
quor. Mercurius dulcis. The cauiticum anti-
moniale, known by the name of butter of anti-
mony, cmmbans antimonii, oleum antimonii,
mercurius vitae, dlaphoretlc antimony, bezoar
mineral, and the bezoardic {pirit of nitre, From
fal ammoniac, flores falis ammoniaci martiales,
or

)
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or ens veneris, fo called ; aurum mufivum ot
mofaicum. Here alfo the corrofion of the me-
tals by fulphur ; whence factitious cinnabar, and
chalybs cum fulphure preparatus.

LECTURE XIX. p. 270.

Tue feparation of metals from their ores, and
the reafons of the feveral operations ufed for this
end. Of the gold and filver ores of America, of
the gold fands of Africa, and how the metal is
there colleted : how the fame metals are ob-
tained in Europe: how lead, tin, copper, and
iron are feparated from their ores by charcoal ;.
and how lead, tin, and copper are feparated by
pit-coal. How the refiners melt, what they call
the fweep. The feveral ores thewn, and alfo mo-
dels of the feveral fmelting-furnaces. |

LECTURE XX p. 28

Or eflaying, with the nature of the feveral
kinds of flux-powders. Eflays of the metallic
ores performed, '

LECTURE XXL.p. 294.

THE feparation of the imperfet merals from
their ores. The feparation of quickfilver from
its ore, in particular from native cinnabar, How
bifmuth is melted from its ore. How fpelter is
produced. Bath metal. The produion of an-
timony, and operations on it ; the glafs of anti-
mony, the calx commonly called diaphoretic an-
timony ; reduced to the metallic form named re-

gulus
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gulus of antimony, crocus antimonii, regulus
ftellatus, and vinutn emeticam, The antimonial
cup. From the fcoriz, the golden oil of antimo-
ny. Gold purified by anumony. On arfenic,

zaphor, and {malt. On the mineral called black
lead.

Rl L AL RE (EXI p..god

Or refining, feparating, and other prepara-
tions of metals. How gold and filver, are {epa-
rated from lead, and how refined by this means.
Why melted glai’s {ticks to iron, though to no
other metal. Litharge made. How the, {epa-
ration of metals is performed at the mines, h{:-w'
by the refiners, and how in eflays. How filver
is got from ln:ad how feparated from copper {o
as to preferve both metals.

LECTURE XXIIL p. 312.

ExpeEriMENTS and other operations on metals,
Brafs and fteel made. Steel hardened and tem-
pered. Why filver and gold are alloyed : an ac-
count of our prefent ftandard, with the changes
1t has undergone. Other mixtures; whence
bell-metal ; cannon-metai ; the metal of organ-
pipes; pot-metal; bronzes of all kinds; Bath
metal ; pewter ; folders of all {orts, and by what
artifice folders are made to join te the metals;
how iron and copper are tinned, and how filver
wire is gilt ; amalgamas; how glaﬂ'es are foiled
with quickfilver, “and how water-gilding is per-

formed.
LEC-
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LECTURE XXIV. p.335
THE CONCEUSION,

GeNeRAL recapitulation with additional ex,
periments. Here confidered the two univerfal
active principles in nature, the repulfive apd at-
trattive, and thewn that the firft is owing ro ful-
phur, anri the other to the acid in bodies : apd
conﬁfquenﬂy, that the acid principle unites the
parts of bodies, and preferves to each its refpect-
ive form, unlefs an external acid is applied to
the body under circumitances, w hereby the body
is broken, and a new compound fucceeds. The
nature of the air farther explained : that the air
caufes bodies to burn by the fame principle as
acid {pirits corrode metals and other terreftrious
fubftances.

ThE leéture concludes with fome obfervations
“on the changes in the tafte of bodies, on colours,
and with an txpianatmn ﬂf Lhe nature Df mmera[
Waters.
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COURSE of CHEMISTRY.
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e UREE T

Of the Rife of Chemiftry, and its Application 3
Medicine.

HE operations in the galenical phars

l macy are few and fimple ; but the

chemical are more complex, réquiring
a greater variety, and a more artificial ftrutture
of inftruments for its feveral proceffes.

In treating of this part of pharmacy, it is not
only neceflary to defcribe the operations, but to
explain the principles upon which they proceed,
and the philofophical deduétions which may be

made from them; for chemiftry has not only
B been
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been cultivated by phyficians, as adding to the
{fock of the more ancient medicaments, but for
theinfight it affords intothe conftitution of natu~
ralbodies ; whereby it promifes no {fmall improve-
ment of the phyfiological branch of medicine,
by leading to a farther knowledge of the nature
of our blood and humours, than could etherwife
be obtained.

But, previous to the treating of both thefe

«afes of chemiftry, it will be requifite to give
fome general idea of the art, and whence it firft
took its rife.

That all fenfible bodies are compofed of many
different parts is evident, becaufe they can be
broke to pieces, and divided into very minute
fragments, by the inftruments of artificers. Ac-
cordingly, all mechanic performances confift in
dividing, re-uniting, and varying the forms of
bodies: nay, the operations of nature, by which
all things {ubfift, through the alternate deftruc-
tion and renovation of natural bodies, feem to
be only a continual feparating and re-compofing
the parts of matter, by the means of certain
powers of nature fitted to that end.

* Chemiftry, according to the extent at prefent
afligned to the art, is an artificial application of
thefe natural powers, whereby to difcover the
nature of thefe powers, and in'what manner they

act 3
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act ; as likewife, by the changes thus wrought
on bodies, to find out their make and conftitu=
tion, and alfo to form new productions ufeful in
human life,

The two great branches of this laft, which is
the pradtical part of chemiftry, are the preparing
of medicines, and the treatment of metals.

In regard to the antiquity of each of thefe, I
do not know, that the application of chemiftry
to phyfic can be traced higher than the learned
times of the Arabians. In general, many of the
prefent forms; under which medicines are ufually
adminiftered, we owe to them; and to this day;
retain many words in pharmacy derived from
their language ; fuch as, fyrup, julep, lohoch;
and the like, which are originally Arabic words.

Among the preparations of pharmacy in ge-
neral; {fome only mix the medicine with fuch
other fubftances as may preferve it from corrup-
tion, fo that it may be kept a longer time fit for
ufe ; the intention of fome is no more than to
cover over and difguife the tafte of fuch medi-
cines as are difagreeable to the palate; buts
others feparate a part from the grofs material,
whereby the medical part of the material being
difunited from the reft, it may not only be taken
with lefs reluttance, but may operate more for-
¢ibly, than when united with the reft of the coms

B 2 pound:
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pound : moreover, the effet of fuch feparated
parts is oft times very different from the effe&
of the compound itfelf.

Decoétions in water are preparations where
the juices are feparated from the grofs parts of
the medicine by boiling 3 and this preparation
has been in ufe from the earlieft times : but, be-
fides this fimple method of feparating the effec-
tual from the inefficacious parts, the Arabians
introduced other more artificial kinds of fepara-
tion, for this purpofe; by chemical operations.

The other branch of practical chemiftry,
which confifts in the fmelting and refining of
metals, has been in ufe from the earheft ac-
counts of time, Indeed, this is an art fo necef-
fary, that, till it was difecovered, men could nog
have led any other than a favage life.

Though both thefe fubjects are at prefent
confidered as the proper objetts of chemiftry,
yet it muft be confeffed, that the art was very
different inits original. The name of chemiftry
feems firft to have made its appearance in the
world with the ridiculous pretence of converting
other fubftances into gold and filver, Howan-
cient this fanciful {cheme has been, or where it
firft took its rife, is not eafy to determine., It
certainly owes not its original to the Arabians
for it was undoubtedly among the Greeks fome

ages
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ages before they had any communication with
that people. The name of the art occurs in
Julius Fermicus, an author near the time of
Conftantine the Great; and within an age or two
after, the {cheme itfelf of making gold and
filver, is mentioned, by other authors, as open-
ly pretended to. And, on the other hand,
Abul Farajius, an eaftern writer, aflures us,
that, as the wandering Arabs were always de-
ftitute of arts, fo thofe who lived in fixed habi-
tations, had no other fubjeéts of literature among
them, before the times of Mahometanifm, than
the ftudy of their language, and poetry ; they
made no pretenfions to any {ubjeét of philofo-
phy whatever, not even aftronomy ; though, for
the ufe of agriculture, they were obliged to ob-
ferve the rifings and fettings of ftars; yet in
this they confined themf{elves merely to practi-
cal obfervations, without attempting to raife any
aftronomical {yftem upon them. Now, the ear-
lieft writers upon this art of gold-making always
give themielves the name of philofophers in fo
high a ftrain, as if they only were worthy of that
appellation: they likewife {fpeak of their art, as
of very great antiquity ; but we have no writers
upon it, that can with any reafon be fuppofed
prior to the tranflation of the Roman empire

from Italy to Conftantinople ; though there are
B3 found,
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found, in fome of the libraries of Europe, pieces
with very ancient names prefixed, fuch as of
Pemocritus, and the ftill much more ancient
/Egyptian, Hermes. This has made fome mo-
derns fond of imagining the art to have been 1n
Egypt from the earlieft times: but thefe are
credulous gentlemen, and proceed upon the
{fuppolition, that this piece of fkill did really
once exift ; that the immen{e wealth thofe peo-
ple boafted of to ftrangers, was produced by
this art; and even give ear to the tale, that
Dioclefian, to hold, at laft, this nation in fub-
jection, was obliged to deftroy their books of
chemiftry, in order to cut off a fource of wealth,
by which they were inftigated and enabled con-
tinually to rebel ; whereas it is extremely incre-
dible, that fo much as a pretence of this kind
could have exifted among that people, and not
have come to the knowledge of the.Greeks,
while they were mafters of that country, how-
ever induftrioufly the fecret might have been
concealed, If, therefore, this imaginary art did
not take its firft rife among the Greeks, in the
latter times of the empire, when learniag and
knowledge declined, as moft probably it did
not, I think we muft laok out for fome other
fource whence to derive it. Travellers inform
uis, that this fcheme has, for fome ages at leaft,

' been
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been purfued with affiduity by many of the peo-
ple of the Eaft; and the Romans began to have
communication with the Perfians even before the
removal of the empire eaftward, which, upon
that nearer approach to them, muft have en-
creafed : by this means, therefore, they might
become acquainted with this, and perhaps other
fooleries of the eaftern nations, with which, in
the decline of arts, they themfelves were capti-
vated.

It does not appear, that the application of
any chemical productions to medicine was at-
tempted thus early ; but the Arabians expreflly
applied chemical operations to this purpofe.
Though the abfurd conceit of difcovering, by
the fecrets of this art, one medicine that fhould
be a univerfal remedy againft all difeafes what-
ever, is of 2 more modera date, If Paracelfus is
not the firft, he is the moft eminent of the pre-
tenders to this incredible fecret ; to which Van
Helmont has added the farther extravagance of
an antidote even againit fate, and promifes no
lefs than immortality itfelf.

The firft of thefe, Paracelfus, whom every
true adept admires to this day, appeared at the
time of that grand reftoration of arts and learn-
ing, when f{cience began to be delivered from
the fhackles put on the purfuit of knowledge

' R - by



g A BB AERYS P Partl,

by the fuperftitious veneration for antiquity,
which, till then, had been an effetual bar againf}
improvements of any kind. ~ At this time arofe
Vefalius, by whofe labours in anatomy, the dic-
tates of the ancient fages were brought to a juft
trial, whereby the formal doétrines of the fchools,
built on Ariftotle and Galen, were found not fo
infallible as had hitherto been prefumed ; and
from hence a genuine method of inquiring inta
nature was gradually intraduced. At this time,
Paracelfus alfo entered the lifts, and declared
ppen war upon the fchools, difavowing, in the
moft opprobrious terms, the whole ancient doc-
trine, and the philofophic fyftems, by which
thefe oftentatious fuperfluities were fupported,
to which all men had as yet implicitly fubfcribed.
But nothing more rational, that fhould prevail
with men to quit the dictates they had embraced
from their earlieft youth, could be expelted
from one of this man’s character, which was per-
haps the moft abfurd that ever impofed on man-
kind. From the age of five and twenty, his life
was {pent in drunken debaucheries with the mof}
illiterate people*; his whole pretenfions in phy-
fic fupported by a daring and inconfiderate ufe,
after the manner of more modern empirics, of"
fome powerful medicines, (though, perhaps,

* Oporin. Epift. ad Solenandr. et Wier.
_ much
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much fewer in number than is commonly pre-
tended) in which it muft be fuppofed he was
fometimes fortunate; but probably much oftner
unfuccefsful, if he fcrupled not to own to Opo-
rinus, his admirer and follower, that he fcarce
ever could keep his pradtice in credit, above a
year in any one placet. What kind of refor-
mation he aimed at, may be judged of by the
following f{pecimen, where, in cenfuring the
doétrine then in fafhion, of appointing directors
to guide medicines to the difeafed part, he ex-
plains the matter thus : Nou enim eo modo medicina
provebitur, fed [feipfam premovet per Virtutem [ue
imaginis.* For example, eyebright has in itfelf
the form and image of the eye : whence, when it
is taken in, it pafles to, and ftops at its own mem-
ber, and with the form of that member; {o that
the eyebright becomes entirely eye. In like
manner, 1s contained the form of all the mem-
bers of the human body in plants, ftones, metals,
and minerals,

Thus, though from this time the fciences in
general began to be cultivated in a more ratio-
nal manner than before, chemiftry did not ad-
vance by the fame degrees with the reft, from its

+ Conring. de Hermetic. Medicin. 1. ii.c. 13.ex Oporin.
Epift.
# Labyrinth, Med. c. 8.

pro-
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profeffors inlifting themfelves under this mad-
man, and rendering themfelves ridiculous by
Jabouring in earneft to find a meaning to fuch
drunken ravings, and profefiing a veneration for
one, who could affert the fpleen, and even the
kidneys, to be parts noxious to life, and oughg
to be deftroyed ; nay, could treat the idle tale
of Fortunatus and his wilhing-cap, as compofed
by good and holy men.

But, indeed, it has been the fate of chemif-
try to be, for a long time, chiefly culiivated by
men fo far removed from that fobriety of mind
and judgment neceflary both in philofophical
and medicinal enquiries, that they have rather
nivalled each other in extravagancies, he being
moit admired, who abounded in conceits the
fartheft removed from good fenfe. Of this no
greater proof can be given than in Van Hel-
mont, who advanced himfelf to become a dan-
gerous rival in fame even to the great Paracel{us,
by thofe dreams, and doting fancies, with which,.
in obfcurity, he amufed his rambling imagina-
tion, that render him no lefs an objeét of con-
tempt, than the fupercilious ignorance of the
other merits our fcorn and indignation.

Thefe men’s abfurdities, as well as the ridicu-
lous original of the art, would naturally preju-
dice men of underftanding againft it; but as it

has
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has at length been alfo cultivated by men of
more fober minds, it has furmounted thefe
prejudices ; and being found to have ac-
tually fupplied us with many valuable remedies,
a juft diftin¢tion has been made between the art
itfelf, and the follies of its profeflors; and fuch
chemical preparations as are found to have real
ufe in phyfic, are univerfally held in due efteem,
without being either extravagantly extolled by
one fet of men, or unreafonably depreciated by
another,

The purfuit after the philofopher’s ftone, or
the art of making gold, and the fearch after the
univerfal medicine, are now diftinguithed from
the more vulgar part of chemiftry by the name
of alchemy; and it is highly proper, that fuch
extravagancies fthould be effectually diftinguith-
ed from what is ufeful, that while one is treated
with the contempt it deferves, the other may not
lofe its efteem in the minds of men.

But befides the two ufes of chemiftry already
mentioned, that of preparing medicines for the
ufe of phyfic, and that other, which relates to
the metallurgic art, there is alfo a third pur.
pofe to which it has been applied; which is the
improvement of natural philofophy, and by its

-agperations to gain a further infight into the con-
~ ftitutionof natural bodies, For this defign, che-
miftry
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miftry is abundantly ficted ; for there is no way
fo obvious of coming at the knowledge of the
ftrutture of bodies, as by dividing them, and
feparating the parts of which they are compofed,
fo that each part may be viewed and cenfidered
feparately..

The firft enquiry to be made into organical
bodies, fuch as animals and vegetables, is by
taking to pieces the organs of which they are
compofed, and to confider the feveral ufes of
each. Thus great progrefs has been made in
the knowledge of animals by anatomy ; and alfo
a great infight gained into the ftruture of vege-
tables from' fuch inquiries into their compofi-
tion, as, from 1its [imilitude to what 1s done in
the anatomy of animals, is ufually called the ana-
tomy of plants.

Thus is found, by what organs animals and
vegetables are rendered fit to continue on their
refpe@ive lives: but how the parts of matter,
which frame thefe organs, are conftituted and
held together, is no part of this anatomy to
teach; this is ftill a more remote enquiry ; and
i this chemiftry promifes no fmall afiiftance.

But it is not to be expected, that the fore-men-
tioned extravagant writers, whofe thoughts were
carried. aftray after thofe wild purfuits, of the

making of gold and univer{al medicines, fhould
be
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be able to make any {ound difcoveries in patural
philofophy : in fa&, it appears, that, though
they are very bold in their pretenfions, they are
here alfo confiftent with themfelves, and have
indulged the like idle dreams in their inquiries
into natural caufes.

This ufe of chemiftry our countryman, Mr,
Boyle, has cultivated in a manner that has
done him and the art honour. He, at the fame
time that he practifed in the art with great affi-
duity, has cenfured and confuted the vain reafon-
ing of preceding chemifts with much freedom.

But above all, the immortal fir Ifaac Newton
muft here be mentioned, of whom it appears,
from his writings, that the art of chemiftry was
worthy a confiderable place in his thoughts, and
that he was very well acquainted with its opera-
tions, Nor did he cultivate it without fome
meafure of the like fuccefs, as he had in all the
- other {ubjets that employed his mind. He has
given hints that, well improved, will open a way
to make the greateft difcoveries in nature, by the
means of this art. INot only his general proofs,
drawn from chemical experiments, of fome ac-
tive principles exifting in nature, by which all
natural effects are caufed ; but his more parti-
cular thoughts, concerning the nature of acids,
cannot be fufficiently admired. If we do not

reft
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reft fatisfied in expatiating upon thefe general
hints he has given us, but make that ufe of then;
he intended, and confider them as guides to a
more particular difcovery of the nature and man-
ner of operation of thefe powers; I doubt not;
but at length fome happy genius will arife, who
fhall open to our view a new and large field of
difcoveries. This I am the more emboldened
to {ay, when I confider the difcoveries this great
man has himfelf made, not only in the larger
{yftem of the world, but alfo concerning the
operations of naturein the {mall parts of matter,
And as this latter part of his difcoveries are
made by the confideration of light, and the mus
tual action between it and bodies; fo we are to
take notice, that the operations of chemiftry are
principally produced by the application of heaty
which is the great inftrument that nature herfelf
makes ufe of in all her operations, and appears
always to accompany light in proportion to its
quantity. And what fhould farther raife our
expeltations from experiments made by the ap-
plication of heat and fire is, that heat is fuch a
univerfal inftrument of nature, that the light of
the {un, by which all nature lives, fheds its viyi-

fying influence by its power of producing heat.
As I defign to purfue this Courfe of Chemiftry
in the method I judge moft conducive to illuf-
' tratg
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trate the application of this art to natural philo-
fophy, 1 fhall begin with explaining, as diftinct~
ly as I can, the nature of heat; for, fiace the
operations of chemiftry are produced chiefly
by heat, in order to judge of the changes wrought
ih bodies by chemical operations, it is neceffary
to know how heat operates, and what effets, in
general, it is difpofed to produce in the fubjeéts,
whereon it alts: and this I defign for the {ub-
ject of our next meeting.

L EC-
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LEGCTURE: IL

Propofed, at the laft meeting, to open our
chemical proceffes with fome confiderations
on the nature of heat.

The moft confpicuous caufe of heat is the funs
without whofe beams, a univerfal cold would
overfpread the face of nature; all motion and
life would ceafe ; and the whole earth, with all
things it contains, would become one dead mafs
of matter: but the fun, being alfo the great pa-
rent of light, 1t has been ufual to fpeak of light
and heat promifcuoufly, as if the immediate in-
ftrument of both were the fame. However, it
muft be acknowledged, that they do not accom-
pany each other conftantly in the fame propor-
tion. I admit, that heat always follows light ;
and that the degree of this heat 1s proportio-
nal to the quantity of light: for though it is
certain, that we often fee light, where we feel no
fenfible heat at all, (fuch a light is the fhining of
the glow-worm, of rotten wood, of the foam of
the fea, of the phofphorus, and the like) yet it
muft not be concluded, that thefe weak lights do

not give a proportional heat, though it be infen-.
2 fible
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fible to us; for our organ of fight is to be affect-
ed by a very fmall quantity of light. The
licht of the moon is greatly more {enfible than
any of thefe; and yet its quantity, upon com-
putation, will be found to be exceeding fmall.

The light of the moon is the rays of the fun
refleéted from that planet to us; and what
part of the fun’s light the moon receives, and
how much the light reflected from the moon
is fcattered before it comes to us, may be com-
puted without difficulty.

By this means might be compared the light
we receive from the fun with that we receive
from the moon, if the moon refleted all the
rays of the fun which fall upon it; for then
the greateft light we can receive from the
moon, when at the full, and alfo neareft to the
earth, will be exceeded by the light of the fun
more than 87,000 times. But if we fuppofe
the moon to reflect but half the light that falls
upon its furface (which is the moft that can
with any probability be fuppofed), then the
light of the moon will be exceeded by the fun’s
light more than 170,000 times; and in the
mean diftance of the moon from the earth,
her light will be exceeded by the fun more
than 190,000 times. Some experiments have
concluded it to be fcarce two thirds of this,

C Now,
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Now, fince the light of the moon is fo exceeding
fimall, it is manifeft, why no {enfible heat accom-
panies it,

However, though there is no proof, that a
proportional quantity of heat does not always
accompany every degree of light; yet on the
other hand, it is manifeft, that there is no necef-
fity for the fame degree of heat to be always at-
tended with the fame quantity of light ; for many
bodies will be very hot without fhining at all.

Heat, therefore, is an effect produced by the
rays of light, but may alfo be produced without
them. But the fun’s rays being the -great in-
ftrument of the heat and warmth whereby all
nature is invigorated, the confideration of light
very naturally led the great fir Ifaac Newton to
enquire a little into fo very important an effe&
of it. As ameans to obtain fome idea how heat
is propagated, he propofes the followihg experi-
ment. Let two thermometers, each included
under a glafs, be removed from a cold room in-
to one that is warmer; and let one of the glafies
be exhaufted of its air, the other not: then it
will be feen, that the thermometers thus inclofed
will foon feel the warmth of the place into
which they are brought ; and that from which
the air has been exhaufted, will be affected near-
ly as foon as the other. In like manner, if the

| thfl’:
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thermometers be carried from a warm room into
a cold one, they will foon be affeéted by the
cold of the lacter place 3 and that from which
the air is withdrawn, will feel the change near as
readily as the other. For greater fausfattiong
he direts thé experiment to be made in the
dark, that the light of the place may not be {uf-
pected to have any influence in the fuccefs of
the experiment. Now, as the thermometers
cannot be affeted without fome agent to operate
upon them, there is fomething within the glafes,
by which this effect is produced. The air is
extra&ted out of one of them; it 1s not theréfore
the air that caufes this appearance: nor can the
heating of the thermometers be caufed by par-
ticles of light latent in the air of the warm rooms
for if fo great a quantity of fuch particles were
to rufth on the thermometers, by being reflected
from them, they would become vifible ; for we
have already fhewn, that a lefs quantity of light,
than what 1s {ufficient to produce fenfible heat,
isvery vifible : and when the thermometers are
affeéted, upon being removed into the colder
place, it is ftill more manifeft, that they do not
grow cold by any particles of light efcaping from
them, becaufe they could not but be feen. In
fhort, there is no room to avoid fuppofing, that
the glaffes with which the thermometers are co-

Ca vered,
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vered, do both contain in them fome fubftance
that will remain after the air is withdrawn, by
the means of which the heat is communicated
between the fpace within the glaffes and the air
without ; fo that the fpace within the glaffes
will receive warmth from the ambient air, when
the glaflfes are brought into the warmer place;
and when they are carried into the colder room,
this fubftance within the glaffes will propagate
its heat to the air without; and by that com-
munication of its heat, grow itfelf colder, lofing
from itfelf fo much heat as it imparts to the
other.

By this experiment of fir Ifaac Newton, we
fee, that it is not by the air chiefly, that hot
bodies communicate their heat to cold ones near
them ; nor that hot bodies have their heat di-
minifhed by the neighbourhood of thofe which
are colder. An experiment, which I fhall now
make, will farther conduce to thew how heat is
propagated. If a {mall wire be held in a flame,
wherein it would {peedily grow hot; when a
larger bady of metal, on which the flame can-
not act fo ftrongly, is contiguous to the wire, or
only held very nearit, in the fame flame, the
wire will not be affe€ted fo foon as when it is
held in the fAame alone: nay, I have held a very
flender wire in a flame, under thefe circum-

| : ftances,
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ftances, without being able to bring it to a red
heatat all. We {fee, that the tallow in the wick
of a lighted candle will not burn down to the
very body of the candle ; but that the body of
the candle keeps this tallow within fome diftance
too cool for it to take fire.

(Here the experiments.)

Thefeexperiments, [ think, evidently fhew, that
every hot body neceffarily affects fomething with-
outitfelf ; and when that fubftance without is
indifpofed to be fo affected, the body cannot grow
hot under that operation, which would otherwife
have heated it: fo that, vpon the whole, we
cannotdoubt, butthatthedifpofition of any body,
which we term its heat, is owing to fome {ub-
ftance every where prefent, which being in any
place affected after fome certain manner, will
communicate heat to any body refiding in that
place, in proportion to the degree wherein the
{ubftance is fo affec¢ted. What kind of fubftance
this is ; what the difpofition of it is, by which it
heats bodies; and how bodies are affected when
hot, is in the next place to be confidered.

Heat dilates and enlarges the dimenfions of all
bodies. This effet of heat has given rife to the
invention of the thermometer ; which is nothing
elfe than a veflel fo contrived as to meafure,
with great exactnefs, the degree of expanfion of

C3 fome
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fome fluid contained in it. All bodies, both
fluild and folid, fuffer this effet from heat ;
that, when hot or warm, they take up more
room than when colder.

The only exceptions to this rule are fuch bo-
dies, which in fome degrees of heat are fluid,
but, bv a fufficient diminution of it, become
rigid and brittle. The moft known example of
this is water freezinginto ice. Water contraéts
itfelf more and more by cold, like other bodies,
as long as it remains fluid ; yet, as foon as it
freczes and becomes ice, it expands itfelf again
very remarkably. The like happens alfo to
melted iron, which congeals into a brittle body ;
though this is not fo in other metals, which,
when cold, are ductile : but this is owing to the
change of texture which they undergo, whereby
they are rendered brittle. It is manifeft in ice,
from its being lefs tranfparent than water, that
jts pores are become larger,

(Here thermometers fbewn 5 and the feveral rods
cxtended by beating thems alfo the pin and
bole.)

The reafon of this fo fingular an appearance

we (hall enquire into hereafter.

From this general effect of heatin dilating all
bodies, it muit be concluded, that heat puts the
the parts of all bodies into motion; for, without

| 2 fome
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fome motion in the parts, the whole body could
not be fwelled. We fhall find alfo, upon further
examination, that the fmall parts of matter are
putand continued, by heat, in a vibratory mo-
tion. By this, they emit, when hot to a certain
degree, particles which affe¢t the eye with the
fenfation of light. The fun feems only to be a
great globe of matter heated fo hot as to emit
light and thine, Heated bodies alfo, by this vi-
bratory agitation of their parts, emit fumes,
The fumes which hot bodies emit, are fuf-
pended from falling down again by the air;
but the air contributes nothing to their emiffion;
on the contrary, it is an impediment. Bodies,
when the preffure of the air is removed, emit
fumes with a lefs degree of heat than they will
do in the open air ; as water will boil with a lefs
heat in vacuo, than when expofed to the air:
nay fome bodies, when freed from the preflure
of the incumbent air, will fend out fumes, which,
in the open air, never are known to emit any.
Having here made mention of the light emit-
ted by bodies when hot, I fhall fhew whence the
the change of colour arifes, which isfeen in the
emitted light, as the body increafes in its heat.
Almoft all bodies, at firft, emit red light, which
by degrees alters, till with the moft intenfe heat,

the light becomes white.
C 4 Sir
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Sir Ifaac Newton has thewn, that the rays of
light which affect the organ of fight with the co-
lour of rednefs, are the leaft refrangible of any;
the yellow light fomething more refrangible; the
green f{till more ; the blue more than the green
and the violet light moft of all. Hence it appears,
that the action between bodies and the red rays
1 the weakelt; and in the reft the aion is
{tronger, in proportion to the degree of refran-
gibility ; and agreeably hereto, a lefs action of
heat fuffices for expelling the red rays than for
the reft ; and all the other rays are expelled, in
order, as they are lefs refrangible. 'Whence the
light firft emitted by hot bodies is red ; and
with the increafe of heat, it gradually changes,
by the acceflion of rays of other colours, till be-
ing at length compounded of all colours, it be-
comes white. Where the heat is fo ftrong as
to throw out the blue and neighbouring rays in
an over-great proportion, the light emitted is
blueifh.

Here, perhaps, it may not be amifs to
obviate an objetion, which this account of the
emiffion of light from hot bodies may pofiibly
fuggefl againft what has been concluded in re-
lation to the propagation of heat. It may be
fuppofed, that the rays emitted by hot bodies,
may not be confined within the limits of thofe
; S0 e | which



Leer.2. OF - GHEMISTRY. 25

which affeét our organ of fight. The rays of
light, as they approach to the extremity of the
moft, and alfo of the leaft refrangible, grow of
{o obfcure a colour, that they feem gradually to
lofe the power of affeting our fenfe. Now,
perhaps, 1t may be afked, whether bodies, not
hot enough to emit lucid rays, may not, how-
ever, throw out fome lefs refrangible than any
we can {ee, which, by falling on other bodies,
may excite heat in them. But, notwithftanding
this fuppofition, we can know, that no fuch
means as this is the primary caufe of the propa-
gation of heat. This is certain, from the ob-
fervation before laid down, that a hot body
does not only communicate heat to a cold body
near it, but likewife, that a cold body will di-
minifh the heat of a hot one brought into con-
tact, or within a fmall diftance of it: for this
diminution of the heat can no way be effetted
by the intervention of thefe rays; for, by the
cold body’s reflecting them back upon the hot
one, its heat would rather be preferved than
leflened, fince we fee the rays of light, after re-
flection, excite heat no lefs than when they iffue
direétly from the lucid body.

But to return, what kind of motion the parts
of bodies have by heat, will appear from the

due confideration of light.
There
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There is a mutual aétion between light and
bodies; as light is emitted by hot bodies, fo
the rays of light, by falling on bodies, heat
them, and are themfielves refrafted or reflefted
by the bodies. But the rays of light muft heat
bodies by acting on this fubftance, upon which
their hear depends ; confequently the refletion
and refraCtion of light are caufed by the fame
fubftance ; for, as the action between light and
bodies is mutual, without doubt, the effets on
both are caufed by a common agent afting be-
tween them. Now, feveral appearances in the
refleCtion and refration of light make it necef-
fary, that fome vibratory motion thould be pro-
pagated by the light, through this fubftance, or
medium ; becaufe it is found, that the light is
difpofed to be differently affected in different
places, as it pafifes on, the fame difpofition re-
turning fucceflively at equal intervals, = By thefe
alternate difpofitions of the light, T mean, thofe
fits of eafy tranfmiffion and refletion, into
which,. fir Ifaac Newton has thewn that light is
{ucceflively put, in its paflage through tranfpa-
rent bodies.

But if this medium, or fubftance, of which
we have been {peaking, is put into {fuch a vibra-
tory motion by the rays of light ; and, while it
is thus moved, by its agitation heats the bodies

on
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onwhich the light falls 5 it is manifeft, what kind
of motion it puts the parts of bodies into, when
it heats them ; viz. the like vibratory motion.

In the laft place, as elaftic fubftances are the
only ones through which this kind of vibratory
motion can be propagated, we muft conclude,
that this medium, by which bodies are put into
that difpofitien, wherein their heat confifts, is
elaftic: and as our ear is fo formed, that the
vibratory motion of the air fhall agitate the
membrana tympani in thatorgan, in fuch man-
ner as to excite in us the idea of found ; fo
the vibratory motion of this more {ubtile me-
dium will fo agitate our organs of feeling, as to
give us the fenfation of heat.

Sir Ifaac Newton, in {peaking of this me-
dium, has thought fit to diftinguifh it by the
name of axther, or the &therial medium.

Now, as the rays of light heat bodies, by ex-
citing a vibratory motion in this @ther, and
thereby communicating a vibratory motion to
their parts; {o other means of communicating
{fuch a motion to the parts of bodies, will pro-
duce heat.

A ftrong attrition, or collifion of many bodies
together, will caufe a great heatr. All merals,
by hammering or filing, conceive heat : a {fmall
bar of iron, hammered brifkly, may foon be

brought
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brought to a glowing heat: theiron, in the axle-
tree of coach-wheels, if not well greafed, where-
by the brifk attrition is prevented, will heat fo
much as to fet fire to the wooden axis: and, by
firiking fire with a flint and fteel, the heat is fo
great, that the fparks which fall are no lefs than
melted globes ftruck off’ from thofe fubftances.

Now, it is evident, that {uch collifion muft
put the parts imprefled upon, of thofg bodies, in-
to a brifk motion : but fince the vibratory mo-
tion of the atherial medium will communicate
fuch a motion to the parts of bodies, and action
and re-action is every where equal, a quick vi-
bratory motion in the particles of bodies muft
be capable of exciting alfo in the medium a vi-
bratory motion, and thereby propagating the
fame through the whole body.

Why all bodies are not heated by motion and
attrition, depends upon circumftances in their
make, which are to be inquired into hereafter :
but in the mean time, it may be obferved, that
thofe bodies which are moft heated by the rays
of light, are alfo heated moft eafily by thefe
other means.

We fhall likewife fee hereafter, that there are
ftill other means in nature of raifing heat, with-
out either the afliftance of the rays of light, or a
body already heated. _
But
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But now, upon the whole, what we know
concerning heat amounts to this. The parts of
folid bodies are not fo fixed, and do not fo un-
moveably adhere to each other, as might at firft
be thought ; but even the moft rigid are attend-
ed with a difpofition, or rather power, almoft
continually varying, whereby their parts are
fometimes removed farther from each other,
and fometimes lefs : and this power is fo ex-
tended round the body, that if a body be
brought near another, lefs under the influence
of this power it fhall increafe this power in that
body, and farther dilate it; but if the other
body is more under the influence of this power
than the firft, the approach of the firft fhall di-
minifth that influence, and caufe that body to
contract., When any body, by its conta or
near approach, thus affets the fenfible parts in
us, if it caufes them to dilate, it raifes in us the
fenfation we call heat ; if it caufes the parts of
our bodies to contract, we feel a fenfation, which
we call cold : lefler degrees of the firft we call
warmth; and {mall degrees of the other,. cool-
nefs. Thefe feveral terms relate to our fenfation ;
but when the ftate of bodies, as they are more or
lefs ated upon by this dilating and contralting
power, is confidered abftradtedly from the fenfa-
tions raifed in us, one term is {ufficient to exprefs

it,
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it, under the denomination only of different de-
grees of heat. 'When this heat is fufficiently
great, bodies become luminous. Whence this
light proceeds has been a queftion: fome have
fuppofed it to be only a pulfe, propagated from
the fhining body to the eye, through an inters
vening medium, in the fame manner as found ig
propagated through the air, from the founding
body to theear: but the circumftances accom-
panying the pafiage of light are inconfiftent with
this fuppofition. When the direct paffage of
found to the ear is intercepted, it will take a
compafs round ; a found will come over a hill
but if any body not tranfparent is interpofed be-
tween the lucid object and the eye, the fight of
itisentirely loft. This, and fome other proper-
ties attending light, leave no room for us to
form any other idea of it, than as certain parti-
cles of matter propelled from the luminous body
to the eye. But here another queftion arifes,
whether this light is emitted out of the body, or
is a fubftance every where prefent, and is only
protruded from the hot body, by that motion
affe@ing the organ of fight. What has given
rife to this latter fuppofition is this; that the
rays of light are found to raife heat in all bodies
upon which they fall : it'has therefore been imas
gined, that they may be the immediate inftru-

ment
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ment of heat, prefentin all places, operating to
that end, even when they are not feen. But, as
light is not always feen to iffue from bodies,
though confiderably hot; and there are means
of exciting heat, without any vifible affiftance
from the rays of light 5 fo no known properties
of light qualify it to be the immediate inftru-
ment of heat, fince it has been fhewn, that the
producing caufe of heat muft enable bodies to
diminifh, as well as increafe, the heat of others.
Hence it appears, that this fuppofed general
prefence of the matter of light in all parts of
{pace, and the powers afcribed to it, are a mere
hypothefis, not warranted by the appearances
in nature.

On the other hand, that light may be lodged
in bodies is evident. When the rays of light
fall on any body, though a reflection enfues, by
which the body becomes vilible, yet fcarce any
body reflects back all the light incident upon it:
moft bodies retain the greater part which they
receive within themfelves. Hence all bodies
expofed to the light of the day muft have within
a portion of the material of light, where, proba-
bly, it is no ufclefls part of their compofition,
fince it has been found, that thofe properties in
light, whereby it is ordinarily refleted, and re-
fracted, or renders bodies vifible, are not the

only
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only qualities it is poflefled of. And if light bea
requifite ingredient in the compolfition of bodies,
no wonder, that by heat it is emitted from fuch
as are taken from the deepeft recefles of darknefs,
as well as from thofe which conftantly commu-
nicate with the day. Even the fubtle matter,
whatever it be, in eletrical experiments, con-
tains and emits light: that it is not compofed
fimply of rays of light is certain; for they wide-
ly differ in properties. The reflection of light
in thofe experiments is accompanied with a
found, and even {mell: this matter paffes not
through all tranfparent fubftances indifferently,
like the rays of light; it does not pafs through
water as it does through glafs; and through
glafs it paffes without refraction. By this it ap-
pears, that it does not confift of mere rays of
light ;3 but that light is an ingredient in its com-
pofition, and occalionally ftruck out of it, ac-
companied with a degree of heat, producétive,
when the matter is copious, of very fenfible
effects.

As i1t has been thewn, that the dilatation of
bodies from heat is effected by a vibratory agi-
tation of their parts ; from this it is, that hear is-
the great inftrument, in chemiftry, for refolving
bodies into their principles ; for, when this agi-
tation is increafed beyond a certain degree, the

parts
2
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parts of mixed bodies feparate from each other,
and the fimilar parts affociating together, appear
under a new form, from what they did in the
compound. |

But, before I proceed to confider more pars
ticularly the feveral principles, into which bo-
dies are divided by the fire, it will be conve-
nient to fhew the various ways, in which heat is
applied by the chemift to thebodies, whereon he
operates : and this fhall be the fubject of our

next I'HEEI:ing.

* To find the proportion between the quantis
ties of light we receive from the fun and from
the moon,

BPREOPOSTTION.TL

If two bodies are equally luminous, the quan-
tity of light we receive from each is in the du-
plicate ratio of the fines of half their apparent
diameters.

The quantity of light received from two equal
bodies at different diftances, 1s in the reciprocil
duplicate proportion of the diftance 3 and the
fines of half the apparent diameters of the bo-

* The three following propofitions were not, I prefume,
read in the courfe of the leftures ; but as I find them in the
doftor’s manufcript, I have thought fit to print them.

D dies
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dies are in the reciprocal proportion of their dif-
ftances ; therefore, the light received from two
equal bodies, at different diftances, is direétly
in the duplicate ratio of the fines of half the ap-
parent diameters.

Moreover from two bodies equally luminous
at the fame diftance the light received is as
the furfaces from which the light is emitted,
that is in the duplicate ratio of the fines of half
their apparent diameters. ‘Therefore if neither
the diftances nor the bodies are equal, yet ftill .
the light received from each will be in the du-
plicate ratio of the fine of half its apparent dia-
meter.

PROPOSLT 10N 14

The denfity of the fun’s light at the moon,
is to its denfity, when emitted from the furface
of the {fun in the duplicate ratio of the fine of
half the angle, under which the fun is {feen from
the moon to the radius.

The light emitted from the furface of the fun
at the moon is difperfed over the furface of a
fphere, whofe eentre is in the fun, and its {femi-
diameter the diftance between the fun and moon.
The denfity therefore of the fame quantity of
- Tight being reciprocally proportional to the fur-
face over which itis fpread ; the denfity of the

| fun’s
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{un’s light at the moon will be to its denfity at
its exit from the fun’s furface, as the furface of
of the fun to the furface of the forementioned
{phere ; that is in the duplicate ratio of the
{femi-diameter of the fun to the diftance of the
moon and fun, or in the duplicate ratio of
the fine of half the angle, under which the fun
appears from the moon to the radius.

PROPOSITIONGHL

To find the proportion between the light
we receive from the moon at the full, to the
light we receive from the {fun, upon fuppofi-
tion that the moon refleéts all the light incident
upon it.

By Prop. I. if the moon and fun were equally
luminous the light received from the moon
would be to that received from the {fun in the
duplicate ratio of the fine of half the apparent
diameter of the moon to the fine of half the
apparent diameter of the fun. But the denfity
of the fun’s light at the moon is to the
denfity of the fun’s light at the fun’s furface,
in the duplicate ratio of the f{ine of half the
angle, under which the fun appears from
the moon to the radius, (by Prop. II.). There-
fore if the moon received the light of the
fun upon all parts of the hemifphere obverted

D2 to-
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toward the fun under the fame degree of den-
fity, and reflected all the light mcident upon
it, and were at the fame diftance as the earth,
the light refleCted to us from the moon would:
be to the light received from the fun in the
duplicate ratio of the fine of half the moon’s
apparent diameter to the radius. But at the
full, the moon being fomewhat further diftant
than the earth, the light received from thence
is fomewhat lefs,

But all parts of the moon’s furface, by reafon
of its fpherical figure, receive not the fun’s light
incident upon 1t under the fame degree of den-
fity, The moon receives on its whole furface
no more light than can fall on fo much of the
furface of the fphere, wherein the moon moves,
as 1s included within the moon ; that is about
half as much, as if the {fun’s light fell on all parts
of the moon with equal denfity ; therefore, the
light received from the moon will be but half
what is above afligned, though the moon refle&-
ed all the {un’s light incident upon it.

L EC.
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PP RGO ROV 3T,

- HE operations of chemiftry, may, in ge-

neral be divided into two {pecies, ana-
ly{is and compofition ; by the firft bodies are
refolved into their confticuent parts or princi-
ples; by the other the produltions of this
analyf{is are recompounded with one another, or
with other bodies: indeed all mixture of bo-
dies, where an artificial application of heat is
requifite to procure or affift their combination
may be ranked under this fynthetic branch of
chemiftry.

With refpect to the analytical part, the effect
of fire in general upon moft compound bo-
dies is to drive a part off from the reft in va-
pour, while another part remains behind, and
bears the force of the fire unmoved: fome
bodies, indeed, are wholly raifed in wvapour,
and others remain entirely unmoved. This has
occafioned a general divifion of fubftances into
fixt and wvolatile ; thofe being volatile, which
fly away in vapour; and thofe fixt, which re-
main behind.  Perhaps there are no fubftances
to be found here on the earth, which will endure

B 3 above
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above a certain degree of heat, before they are
diffipated ; but thisdivifion of bodies into fixt
and volatile fubftances has relation to the force
of fire ufually applied by chemifts: thefe terms
are merely relative; and as thofe {ubftances,
which become volatile with one degree of heat,
may remain fixt in a lefs, fo it is ufual to
compare {ubftances together both in degree of
volatility and of fixity ; thofe bodies being ac-
counted moft volatile, which fly off with the
leaft heat, and thofe the meft fixt, which in-
dure the ftronge(t fire.. We as often {peak of
fubftances as more or lefs fixt, as we do under
the notion of more or lefs volatile. WNor is it to
be underftood, that there is one eftablithed de-
gree of heat, which difcriminates the {ubflances,
that are to be ranged among volatile ones, from
thofe which are to be ranged among the fixt:
the fame body may have both terms applied to
it, as it fhall be compared with different bo-
dies; but it is moft ufual to compare the effect
of fmall degrees of fire on bodies under the
notion of volatility, and to ufe the other term
of fixity, when the effets of {trong fires are con-
fidered.

If we have recourfe to what was faid in the
preceding leCture concerning the operation of
heat on bodies, we may form fome judgment

of
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of the properties réquired in bodies to render
them volatile.

The action of heat is to communicate a vi-
bratory motion to the particles of bodies, be-
fore thofe particles can become volatile, and fly
off from the body, to which they are joined,
they muft fuffer {uch a degree of agitation, as
will feparate them, and fet them free from the
body they adhere to. Therefore the ftronger
any particles adhere to the reft of the mafs, the
lefs volatile will they be. Thus we find, in
chemical procefles upon heterogeneous bodies,
many f{ubftances to be exceeding volatile, when:
feparated from the compound ; which yet require
a great force of fire to expel them thence.

Another condition necefiary to render parti~
cles of matter volatile, is fuch a conftitution, as
difpofes them to be eafily agitated by heat.
One condition, that may be conceived to render
a body more eafily put into motion, is the hav-
ing a rare ftructure, or but a {fmall quantity of
matter in proportion to its magnitude. It is
certainly not neceflary, that all volatile particles
fhould be fmaller in bulk than others ; for we
fhall fee, that very fixt fubftances will unite
themfelves with volatile ones, fo that the com-
pound fhall be volatile : and in this cafe, the
volatile particles are larger than the fixt were 3

D 4 for
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for the fixt are become volatile by the accef~
fion of new matter. But here the great rarity of
the added part may make the whole to be
lighter, in proportion to its bulk, than the fixt
particles alone were.

However the particles, whofe fpecific gravi-
ty is leaft, do not for that reafon only make
the moft volatile fubftances ; but the former
confideration muft be joined with this, when we
judge of the volatility of a body: thus oil, by
the great tenacity and adhefion of its parts toge-
ther, is much lefs volatile than water, though
its {pecific gravity be lefs.

What the abfolute minutenefs of the particles
of matter may contribute toward their volatility, -
would beft be determined, if it could be known,
whether the athereal medium, which we pro-
pofed in the preceding leéture to be the im-
mediate inftrument of heat, aéts only on the
{furface of thefe particles, or acts alfo on their
internal parts, If it acts only on the furface,
the minutenefs alone of the particle may contri-
bute towards its eafy elevation, becaufe the
{maller a particle is, the more furface there will
be to be aéted upon in proportion to the mag-
nitude of the particle. A globe, whofe diameter
is half the diameter of another globe, is but one
eighth part of the bulk of this.other, but has

. ong
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‘one fourth part as much furface ; therefore,
the furface of the leffer globe is twice asgreat,
in proportion to its bulk, as the furface of the
greater. If the ®therial medium, as it pervades
the particles, alts alfo with equal force on the
internal parts, the abfolute magnitude of a par-
ticle muft contribute little toward its volatility.

But thus much is here obfervable, that this
setherial medium is fo altered at the {urfaces of
bodies, that it there only acts on light in re-
fracting and reflefting it; why may it not
‘therefore at more forcibly on the particles of
bodies attheir furface, than on their inward parts ?

However, we thall hereafter find fome farther
circumfitance concurring to vary the volatility of
bodies, viz. their abounding, more or lefs
with an-ative principle found in fome degree
in all bodies, which the chemifts have called
fulphur,  Perhaps, from hence muft be de-
duced the principal caufe of the diverfity in the
volatility of different fubftances.

But torproceed, as it is the defign of chemif-
try to bring under examination all the parts,
into which bodies are refolvable by the fire, the
body examined is to be lodged in fuch a veffel,
as may aflift in collecting the afcending vapour.

There are two kinds of vapour, which arife

from heated bodies; one fort condenfes into a
li-
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liquor ; theother under a dry form. Separating
the liquid vapour is properly called diftillation;
raifing the dry vapour is called fublimation.

The moft general inftrument of diftillation 1s
the retort, where the afcending wvapour pafies
through the neck, and is received into another
veflel fitted on to it, and called from this of-
fice a receiver. Thefe vellels are ufually made
of glafs, that being a material, in which the fub-
ject can be kept perfectly clean, and free from
the leaft taint. In cafes, where a greater heat is
neceflary, than glafs can fuppert without melt-
ing ; inftead of the retort we make ufe of an
earthen vefiel, ufually called a long-neck ; this
is formed of a thape fomething different from the
glafs retort; becaufe, in fome of the {ubftances,
which are diftilled with thele veffels, the vapour
rifes very fluggithly, and will not afcend far ;
therefore thefe veflels are fo fhaped, as to give
the vapour ‘a* more horizental paifage. Some-
times the neck of thefe vefels is made crooked,
and then the veflel is called a crook-neck.

In cafes, where it is neceffary to put to diftilla»
tion a great quantity of materials, and where
the vapour is {o copious, as would require a re-
ceiver of immenfe bignefs to contain it, a par-
ticular contrivance is made ufe of to condenfe
the vapour in its paflage. FYor this end the

va-
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vapour is let pafs through a contorted pipe,
or worm, lodged in a veflel filled with cold wa-
ter, by the coldnefs of which, what enters the
worm in vapour, runs out condenfed into a
ftream of liquor. The veflel here ufed to hold
the matter to be diftilled is too large to be
made of glafs ; it is ufually made of copper,
which being well tinned within is {ufficiently
fecured from giving any tinge to thofe kind of
fubfiances for which this veffel 1s made ufe of,
This veflfel is commonly called a copper ftill,
and the pipe, through which the vapour paffes,,
is fixed to a head, which lifts off from the body
of the ftill, for the convenience of putting the
materials in and taking them out: this head is
properly called the alembic. Thele are the
veflels ufed by the diftillers in drawing their
{pirits. In {mall ftills of this kind, a more com-
pendious method is made ufe of for condenfing
the vapour, which is by including the head itfelf
in a veflel of water.

There 1s alfo another method of performing
the operations, for which thefe inftruments are
commonly ufed ; which is by what 1s called the
cold ftill, becaufe here a much lefs heat is ufed.
The material to be diftilled 1s laid on a
copper or iron plate, firlt covered over an inch
thick with fand or athes, or put into a leaden

pot
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pot fzt upon fuch a plate. Over this is placed a-
conical head to receive the afcending vapour,
which by a nofe fixed in this head defcends into
areceiver. The fire muft be kept very low,
that the vapour may rife fo {lowly and {o cool,
as not much to heat the head, which recetvesit,
that it may condenfe without any help, except,
perhaps in fome cafes by laying a wer cloth
upon the head of the ftill.

- ‘There are alfo fmaller veficls, of a like ftruc-
ture with the copper body and alembic now
defcribed, made of glafs, which are but lrtle
ufed by the pradtical chemifts.. However they
are fometimes convenient, when we defire to fe-
parate very volatile fubftances from each other;
for then a tall glafs of this form 1s beft fitted to
give room for the moft volatile fubftance to fe-
parate from what 1s lefs wvolatile, by rifing
higher : with a Iow glafs it is not fo caly to pre.
vent their afcending together.,

Thefe glafes are alfo ufeful in colleting dry
vapours, or in fublimation, the head or alem-
bic being made without a beak, which is ufu-
ally -called 2 blind head.  How the pra&ical
chemifts fupply the ufe of this veffel, fhall be
fhewn, when we come to opcrate on the parti-
eular fubftances, vpon which they uvfually per-
form thele {ublunations,

' But
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But thefe fubliming vefitls are only to be ufed,
when the vapours eafily afcend. When they re-
quire a ftrong fire, and are forced up with difli-
culty, it is ufual to put the matter into a globu-
lar veflel with a long ftem, called a matrafs, or
bolt-head : here the vapour alcending, fixes on
the upper part of the globe.

When a large quantity of materials is to be
fublimed, an earthen jar covered at top with
a moveable iron plate is fomerimes made ufe
of, |

When what rifes from a body, while heated,
is to be neglected, and the operator’s intention
1s only to regard the change wrought by the
fire, on what remains fixt in it, fuch fubjeéts
are fometimes put into iron veflels, as pots, la-
dles or the like, often into earthen ones. Of
this kind are crucibles made of an earth, that will
well endure the fire. For fome particular pur-
poles veflels are made of the afhes of burnt
bones, or of horns of animals burnt, which
latter are preferred.  Thele are particularly ne-
ceflary for the refining of filver, as we fhall fee
hereafter. They are called cupels, or tefts. The
method of making them is to moiften the afhes,
till they will juft ftick together, when prefled
in the fingers ; and then to ftamp them hard in
a brafs mould, Sometimes thefe athes are {tamp-

2 ed
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ed into an iron ring, and put along with the ring
in the fire,

The operations, which materials undergo in
all thefe veflels, may be reduced under the two
general names of melting and calcining.

Thefe are the veflels of moft general ufe in
the analytical part of chemiftry. In the other
part, which concerns the mixing bodies, for
{fuch an artificial application of heat as may be
required to effect their combination and union,
but few inftruments are in general requifite: ex-
cept the common inftruments of pots and ket-
tles, or the like, the glafs-body and bolt-head
above defcribed are for the moft part fufficient,

When the ftem of a bolt-head is clofed, by
inverting a lefs glafs of the fame kind into it
if the heat applied raife any vapour from the in-
cluded materials, at the height of the upper
bolt-head, it will cool and fall down again ; by
this means, if the glafles, before they are join-
ed, be made warm, any liquor may be boiled
without wafting in vapour.

Two bolt-heads thus joined compofe, what
the chemifts call circulating veffels. - We find
in books other veflels alfo of a more com-
plex form defcribed under this name; but
they have no advantage over thefe here men-
tioned.

| ' If
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1f the ftem of the bolt-head be continued alfo
downward into the body of the glafs, and left
open by a very {mall orifice only, the bolt-head
is then called an infernal glafs: but thisis a
contrivance ufeful only for fome particular pur-
pofes, to be explained hereafter.

The next thing now required is to explain
the method, by which the junétures of veflels are
to be clofed ; for when a vapour is pafling, from
a retort for inftance, into the receiver, unlefs
the juncture be clofed, where they are fitted to-
gether, a part of the vapour will efcape. This
clofing up the jun&ures of vellels is called luting,
and the materials, by which it is performed,lutes.

Lutes are of various forts. For inftance
wheat-flour and water {pread upon a fillet of
linen or paper makes a good lute to hold in wa-
try vapours raifed with a fmall heat.

Horfe-dung, mixt with twice its quantity
of fine clay or loam makes a good luring for
moft purpofes. This is the luting chiefly ufed
by the prattical chemifts. _

Windfor loam, wherewith the bricks are beft
laid in furnaces, that are defigned to endure a
ftrong hear, makes alone a very geed luting,
and is therefore moft convenient, for thofe who
exercife chemiftry for entertainment or {pecu-

lation 5
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lation; but thofe, who follow it as a trade, prefer
that which is leaft expenfive.

Whiting, flour, and houfe-fand in equal
proportion made into a pafte with ftrong brine
is alfo a commodious luting,

In authors we meet with the defcription
of feveral other lutes, but thefe are fufficient.

Sometimes glaffes are fhut up by heating
their ftem red-hot, and the opening either melt-
ed up, or pinched clofe : this is called fealing
hermetically.

In chemical operations the luting moft gene-
rally ufed is loam, as before mentioned. 1f this
be applied to the juntture of the glaffes {o clofe-
ly, and fo long before the operation is entered
upon, that it fhall become perfectly dry, and
would clofe the juntture fo abfolutely, as to
hinder any manner of air or vapour from finding
its way out; when the glafles grow in any great
degree hot, they muft neceflarily be broke by the
expanfion of the air alone imprifoned within
them. If the luting be applied immediately be-
fore the operation, the afcending vapour will
keep it continually moift, and thereby will
efcape too freely through it. It is beft to lute
the vefiels one day, and make the fire the next :
by this means, the luting will not be fo very

clofe,
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clofe, but that it will give a little paffage to the
included air upon its firft expanfion, and will
dry, as the glafies grow hot, timely enough to
hold in as much of the vapour; as 1s confiftent
with the fafety of the veffels. The luting above
defcribed, with whiting and flour, hardens more
eafily, and therefore need not be applied any
length of time before the operation is begun;
Many of the chemical glafies come from the
glafs-houfe with long, and fometimes irregular
necks, that it is often neceffary for the chemical
operator to cut a part off, before he lutes them
together. This is ufually performed, by heat-
ing them, where they are to be cut, and touch-
ing them with a little moifture, which caufes
them to crack, and the fuperfluous part to fall
off. The glaffes may be heated either by a
hot iron ring of the fize of the glafs to be cut;
or by binding round them a thread dipped in
oil of turpentine, brimftgne or the like com-
buftible fubftance, and fetting the thread on
fire, With the iron ring the glafs moft com-
monly breaks off without wetting. Small pipes
of glafs are beft broke by notching them with
a file, and then breaking them off with the
fingers.
The next thing to be confidered is the me-
thod of applying the fire in chemical opera«
L tions,
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tions. In thefe operations it is a neceffary cir-
cumftance; that the fire be carried on regularly;
cither the fame degree of heat continued, or
-equally raifed without wavering. For this end,
when the fire is not to be of the moft violent
kind, the veflel, containing the fubftance to be
operated upon, is not ufually expofed to the
naked fire, but is rather heated by the interme-
diation of fome body between. Water is a
commodious medium, when no greater heat is
required than what water, when boiling, con-
ceives, becaufe the heat of boiling water is never
to be augmented. The different force of the
fire under it may caufe it to boil away fafter or
flower ; but when it once boils out freely, its
heat will never after increafe.
. Water thus applied chemifts call balnzum
Mariz. Sometimes they direct the diftilling
veflel to be placed in the vapour only of the
water. This is called diftilling in 2 vapourous
bath, and i1s a lefs heat than the other.
Horfe-dung alfo affords a very fteady heat,
and is of long duration. Thisis a very commo-
dious heat to promote putrefaction. With this
heat alfo the vapour of vinegar is raifed, for
corroding of lead, to make cerufle or white
lead, as will be particularly explained here-

after.
‘When
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‘When thefe heats are not fufficient, fand is
made ufe of. The practical chemifts generally
make ufe of fand for every heat, from the leaft
to the greateft, fand is capable of. For this
end a pot of caft iron is fet in a furnace of
brick, fo built that the fire may play -well
round the pot, and heat it as equally as may be.
It 1s ufual to carry the flame and {moke from
this fire under an iron plate covered with fand,
before it pafles up the chimaey; by which
means they have a fmaller heat of fand to be
ufed at the fame time with the pot, without an
additional expence of fuel.

Filings of iron would give yet a greater heat
than fand.

The advantage of interpofing all thefe kinds
of {ubftances is, that their heat 1s not fo fuétu-
ating, as that of an open fire; for when the fire
is quite put out, their heat will continue a con-
fiderable time; and when the fire rifes, their
heat does not increafe at the fame inftant with it,
but follows it gradually.

However, when a greater degree of heat is
neceflary, than what fuch fubftances will give,
an immediate fire muft be made ufe of. This
is of two forts, The mildeft of thefe is an
open fire, fuch as may play on the bottom,
and about the fides of the veffel in the man-

| ner,
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ner, as the iron pot before mentioned is
heated. - '
When glafs veflels are to be expofed to this
fire, it is neceffary to cover them over with an
earthy coat. This may be made of potter’s
clay, mixed with fand till it lofes its unétuouf-
nefs, and will no longer ftick to the fingers ; or
fand may be mixt with the forementioned lut-
ing of clay and horfe-dung. Windfor loam
and Stourbridge clay, with which the pots of
the ‘glafs-houfe furnaces are made, are ftill bet-
ter forts of coating, ufed alone without any
mixture, -

The reverberatory fire, where the fire being
made under the veflel, the paffage for the flame
and fmoke is direétly over it, gives ftill a great-
er heat than the open fire now mentioned ; for
here the flame encompafles the whole vefiel,
beating on the very top, as well as on the bot-
tom and fides. In this fire, earthen veflels are
only to be ufed.

There is alfo another ‘kind of reverberatory
heat, when the fire is made on one fide of the
veflel containing the matter to be wrought on,
and the flame draws over the veffel to its exit
through the chimney. In this, the greateft
heat is applied to the upper furface of the
fubjett, : :

- There
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There is alfo another method of accommodat-
ing the greateft heat to the top of the fubjet,
which is by placing the fubjeét under an earth-
en cover, and heaping the fuel over it. This
cover is ufually called a muffle ; and the furnace
wherein it is ufed, muft have an opening to cor-
refpond with the mouth of the muffle, by which
the fubject to be wrought on may be taken in
and out. In a furnace of this kind, called
from its ufe an effay-furnace, are made the
effays of wrought plate at Gold{miths-hall.

When the fire is required to be the ftrongeft
of all, a wind-furnace is made ufe of ; which is
a furnace fo built, that there may be a very
ftrong draught of air to blow the fire, and give it
the greateft ftrength pofiible. A blaft alfo, with
large bellows will procure a very ftrong heat ;
but thefe bellows muft be double, after the
manner of thofe ufed by the {miths, that the
blaft may be continual ; though no heat can be
raifed by this means, to exceed what may be
- obtained in a good wind-furnace. The princi-
pal ufe of bellows i1s, when a great heat i1s re-
quired to be excited very quick.

The flame of a lamp blown to a point by a
{mall pipe gives a very ftrong heat, and is often

applied to melt fmall pieces of metal or the
| E 3 like,
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like. Workmen often ufe it in foldering fmall
work.

In relation to the kinds of fuel, it is to be ob-
ferved in general, that charcoal gives the {trong-
eft heat, this fuel having no humidity like
wood or coals. Coals give the moft intenfe heat,
after their humidity is evaporated, and they
ceafe to flame,

Qil alfo and fpirits are made ufe of burning

ina lamp, when a fmall quantity of materials is
to be wrought on, and the degrees of heat
thefe lamps will afford, are fufficient, This is,
in particular, a commodious method of conti-
nuing a conftant heat for a greatlength of time
for it is eafy to have a lamp, that will keep burn-
ing twelve hours or more.

There is alfo another method of continuing
a heat in one conftant degree without much at-
tendance, by the furpace ufuvally called an atha-
nor, or tower-furnace. This furnace is a tall
cavity raifed ona grate, which has an ath-hole
underneath : this cavity is called the tower of
the furnace. In the fide of this tower at a
proper height above the grate is a paflage for
the heat to pafs out of the tower under an iron
plate covered with fand. There is fometimes a
flide over this paffage, whereby it may be wi-

dened
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dened or ftraitened, and the degree of heat va-
ried by that means. Now when the tower is
filled up with coals, if it be well clofed at top,
no more of the coals will burn, than what lye be-
tween the grate and the paffage before mention-
ed for the heat; becaufe here, and no higher,
will be a current of air to blow the fire : all the
reft of the fuel above is only a fupply to what
fhall be burnt to afthes, and fall away through
the grate; fo that the height of the tower adds
nothing to the ftrength of the heat, but the
higher it is, the lefs frequently will the fuel re-
quire to be fupplied. ' In this furnace therefore
a conftant heat both night and day may be
continued for any length of time with very
little attendance.

The fuel in this furnace muft be charcoal or
fome other fuch-like fuel, that will burn away
to pure afhes. Sea-coal, by caking into cin-
ders, will foon ftop up the grate and put the
fire out.

The method invented by Vigani of erecting
furnaces, is very convenient for thofe, who have
not a fixt laboratory. His furnaces are com-
pofed of bricks ground to a pretty true {quare,
and made all of the fame breadth, and of the
fame thicknefs. The bricks being ground,

they will lie clofe enough to confine the heat
E 4 withs



56 A COTURSE Parr L

without being faftened together by any ce-
- ment,

Three or four rows of bricks are firft to be
fet edgewife, for a grate, or to make a greater
heat a fecond order placed in like manner
acrofs thefe, and where the greateft heat 1s re-
quired, a third or a fourth. Over thefe, the
furnace is to be formed differently according
to the purpofe, for which it is defigned. By this
method a furnace may be fitted for any chemis-
cal operation whatever, even to the melting
metallic ores, which are operations, that re-
quire the greateft heats of any.

The beft fuel for thefe furnaces is char-
coal : Scotch coal alfo burns in them very
well,

In furnaces, where ftrong fires are ufed, it is
of great confequence to choofe a proper earth
for the bricks, wherewith the furnaces are built.
There are two qualities in earths, that difpofe
them to bear the fire, to be confidered diftinct-
ly : one is, not eafily to be melted, the other
not to be difpofed to crack in heating or cool-
ing. Earths more ealily melt by being charged
with metallic particles: the earths that burn
red abound in irony particles, and are therefore
more apt to melt than thofe earths, that burn

white, The earths, that burn into a hard brick,
| are
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are moft apt to crack by the fire, which is an
effe& common to all brittle fubftances : glafs is
the moft {ubject to it of any thing. The caufe
of this effe&t is the dilatation, which I obferved,
in the laft lecture to be the effet of heat upon
all bodies; for in thefe hard and brittle bodies,
if they heat in different parts unequally, or if
in cooling, a blaft of cold air, or any other ac-
cident, too haftily cools one part; the body
not being of a yielding fubftance, the contralt-
ed part feparates from the dilated, and the body
breaks.

In the glafs-houfes they are principally {oli-
citous to find an earth, that will not melt with
the violence and long continuance of thofe fires.
A clay dug up near Stourbridge, in Worcefter-
fhire, thence ufually called Stourbridge clay, i1s
found the fitteft for this purpofe, with it the
pots are made, in which the glafs is melted,
and the infide of the furnaces themfelves ufed
to be built : but lately a ftone has been found
near Newcaftle, which at lefs expence an-
{wers the fame purpofe. Their fires being kept
on continually for a great length of time they
are lefs fubject to be incommoded by the break-
ing of the earth; though, in their pots, they
often {uffer by that accident,

2 In
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In other furnaces, where the fire is often va-
ried and extinguifhed, a loofe fandy kind of
brick is moft commodious ; for the parts of
this brick hanging loofely together eafily

yield to that alteration, which the change of

heat makes 1n them, Thofe called Windfor
bricks are the beft of any in this country;
and fhould be laid in Windfor loam, not in
mortar.

When it 1s necefiary to make any veffel of the "

harder clay, that muft undergo frequent changes
of heating and cooling ; to fecure this earth the
better from breaking, with the freth clay is
fometimes mixt a good portion of what has al-

ready been burnt, broken into pretty grofs.

pieces. By this inequality in the texture the
compound becomes fomething more durable.
In this manner the Heflian crucibles are made;
and alfo the pots in which they make brafs in
England.

In great part of chemical operations divers
materials are mixt together, and as they are
ufually proportioned by weight, I fhall conclude
this le€ture with a brief explanation of the feve-
ral weights in ufe,

In England, we make ufe of two different
pounds : the one is called the pound avoirdu-

poile,

i
et Tl S5 o it i el i i
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poife, and the other the pound troy. The
pound avoirdupoife is fomething larger than
the other. It is that, by which large quan-
tities of moft goods are bought and fold.
In this weight, what is called the hundred
weight is not a juft hundred pounds, but con-
tains a hundred and twelve of thefe pounds:
and twenty fuch hundred weights are called
a ton. This pound is divided into fixteen
ounces, and the ounce into fixteen drams.
In this weight more minute divifions are not
in ufe,

The pound troy is divided, by the filver«
{miths, for weighing of filver, into twelve
ounces, each ounce into twenty pennyweights,
and the pennyweight into twenty-four grains.
At the mint they fubdivide the grain into
twenty parts called mites. Gold is alfo
weighed at the mint by this pound, but other-
wife divided; the pound being here divided
into twenty-four parts called carats, and each
carat into four parts called grains: fo that

a grain of gold is equal to fixty grains of
filver,

The carat by which jewels are weighed, con-

tains only four filver grains.
The phyficians allo prefcribe by the pound
troy, but divide it flill otherwife. They have
twelve
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twelve ounces in the pound, but divide the
ounce into eight drams, the dram into three
feruples, and the fcruple iato twenty grains,
whereby the grain becomes the fame as in the
divifion of the filver weights.

Though the extempore prefcriptions of
phyficians are always adapted to the troy
weight, and the officinal compofitions are de-
fcribed in the generality of pharmacopceias
by the fame divifions of the pound ; yet it
has been a cuftom pretty general among our
apothecaries to mix the ingredients of thofe
compofitions by the avoirdupoife weight ;

though the ounce in this weight bears a dif- -

ferent proportion to the pound, than in the
troy weight. But, in the prefent Pharma-
copeela, this error is particularly guarded
againft.

Though the pound in the avoirdupoife weight
is heavier than mn troy weight, the ounce
in the former weight is lefs than in the lat-
ter; fo that ten troy ounces nearly equal ele-
ven avoirdupoife ; and feventeen pounds troy
is very little fhort of fourteen pounds avoir-
dupoile.

The effayers, who examine very fmall quan-
rities of metals, ufe ftill other weights. They

take &~ fmall weight, which they call their
| pound,
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pound, and divide this pound, as the troy
pound is ‘ufually divided, Their pound for
filver eflays is about eighteen grains, and for
- gold effays fix grains, The reafon, that the
filver pound is treble of the gold pound, is be-
caufe in effaying of gold they mix filver with it
in that proportion. The only convenience of
this is to find names for the very minute
weights, they muft make ufe of, and to fave
the trouble of computation in their eflays.

They have another artifice of more confe-
quence in order to their weighing with exaét-
nefs, which is to fet their fcales under a glafs,
which they call a lantern, whereby they keep
them from being toffed about by the air.

Their fcales are in general made {o tender
as to turn, with the hundredth, or even with
the two hundredth part of a grain, fometimes
with lefs. If they turn with the three-hun-
dredth part of a grain, they will diftinguith
in a filver efflay to a fingle grain. Though
the effayers are not accuftomed to report their
eflays of filver nearer than to a I’]ﬂ]f-PEnn}r-
weight, nor the eflays of gold nearer than to
one quarter of a gold grain,

It is alfo convenient in eflaying metallic

ores to be provided with a {mall weight to be
called
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called a ton, and divided in the fame man-
ner as the common ton. Though for this
purpofe the common troy weights are of them-
felves not inconvenient; for if the ounce be
confidered as a ton, the pennyweights will
reprefent hundreds : but for the divifions of
the  hundred, either computation, or an ex-
prefs fet of {mall weights muft be ufed.

L EC-
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LYE WOV PR Y,

HE feveral fubftances, into which bodies

are divifible by the fire, differ great-

ly from one another. However there are fome
general characters, by which they may be redu-
ced under a few heads. Chemifts have reduced
them to five, three volatile, water, or phlegm,
{pirits and oils, and two fixt, falts and earths,
Thefe are commonly ¢alled the chemical prin-
ciples. By water is meant a fluid without tafte,
{mell, or any other fenfible quality to diftin-
guifh it from common water. By {pirits are
underftood all fluids, which mix with water,
and are endued with other properties than wa-
ter itfelf. QOils are Auids, which will not mix
with water ; and thefe are alfo inflammable,
contrary to the nature of water, which extin-
guifhes fire. Thefe are the three divifions, un-
der which chemifts range the fluids, that are
feparable from mixt bodies. The other two
heads of falts and earths comprehend the folid
parts yielded by the mixt. A falt is whatever
diffolves in water, and unites itfelf fo with it, as
to make with the water one body, and to pafs
through



64 A COURSE  Parrl

through the clofeft ftrainer without being fevered
from that water.

The method of ftraining ufed by the chemifts
is moft commonly with paper after this manner.
They fold the paper fo, that it may fit the cavity
of a funnel, and pour the liquor into it; and
the liquor, as it ouzes through the paper, runs
down the neck of the funnel. Straining in the
language of the chemifts is moft ufually called
filtring, and the {trainer a filtre. Moft of thefe
{ubftances called falts, fince they are not vola-
tile, and fly away as foon as heated, melt and
flow in the fire like metals. The other folid
{fubftance feparated from mixt bodies, is that,
which remains, after all the foregoing are fepa-
rated, and is a dead earth without any fenfible
properties, but thofe which are neceffary to the
conftitution of mere matter. It will not diffolve
in water as falts do, nor will it melt in the fire,
If it be ever fo much agitated and mixt with
water, it would foon fubiide from it again, be-
ing fpecifically heavier: in the fire it remains
unaltered. This fubftance feems to be the bafis
of bodies, and to give them their fhape and
texture.

Water is the principle, which feems to be the
moft fimple, next after this earth. It is fur-
prizing to {ee, how great a quantity of it is to

be
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| be drawn from bodies, which appear perfe&ly
hard and dry. There are {carce any bodies;
befides ftones and metals, that do not yield a
confiderable quantity upon diftillation, The
particles; which compofe it, join themfelves to
the other parts of bodies, and unite fo with
them, as to fhew no figns of humidity ; yet,
when feparated, forthwith affume their native
form. This fluid, by fo freely uniting icfelf
with other {fubftances, becomes the chief inftrua
ment, next after heat; of natural operations :
for the attive parts of matter, by {wimming in
this fluid, move themfelves, and follow without
impediment the influence of thofe powers, by
which they operate. Without this fluid to give
cafy motion to the particles of matter, the pow-
ers of nature could bave very little effect.
Thus we fee, that water conveys to all plants
their nourifhments and the food of animals is
rendered fluid by the digeftion of the ftomach,’
before it can be carried farther into the body,
and be made ufe of for its nourifhment,

This principle of water is pofiefled of a more
extended power, by which its parts adhere to-
gether, than what is to be found in the earth
before mentioned. For wherever water is laid
on any thing, which it will not wet, as upon

oY
whatis oiled, it forms itfelf into fpherical drops

F by
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by the mutual attraétion of its parts; and, when
mixed with the forementioned earth, it caufes
the parts of that to adhere firmer together than
before. But notwithftanding this power of co-
hefion between the parnts, wherewith water is
endued, a fmall degree of heat ferves to make
the parts adhere fo weakly, as to keep it fluid ;
though we find a certain: degree of cold will
permit it to form itfelf into a very hard mafs in
freezing.

This effect of the abfence of heat upon water
deferves well to be confidered. Water contraéts
inits dimenfions by cold, as all other bodies do;
until fuch times as it freezes. Then it {wells.
again.

The caufe of. this fo remarkable an effeék
we have promifed particularly to inquire into.

The academy erefted at Florence for the
cultivation of natutal philofophy, which was
the firft of thofe focieties in Europe, have long
ago made very many judicious experiments.
vpon thi$ matter.* '

There are certain mixtures, whereby fo very
intenfe a degree of cold may be procured, as
will fpeedily freeze water.

Ice in powder, or fnow mixt with common:

* Saggi ’Efperienze di Acad. del Cimento, Firenze, 1667..
fale,
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falt, nitre, and fome other falts, will foon freeze
a fmall vefiel of water fet into fuch a mixture.
Jtis to be obferved, that the ice or fnow always
melts, before it produces this effet. At the
inftant of its melting it gives the moft intenfe
cold. After this its cold grudually diminifhes
by the warmth of the circumambient air. The
caufe of this freezing power I conceive to be, as
followss Any of thefe ingredients, which mixt
with the fnow or ice produce this cold, are fuch
~as being mixc with water, are a great impedi-
ment to itsfreezing, This is a known effeét of
common falt, the moft ufval ingredient, with
which freezing mixtures are made. Thefe in-
gredients do not hinder the freezing of water by
keeping it warmer. But as the freezing of wa-
ter is owing to a difpefition peculiar to that
fluid, thefe fubftances hinder it, by changing
that difpofition.  Any of thefe materials being
mixt with ice already formed, foon reduce it to
the fame liquid ftate;, they would have kept it
in, had they been mixt with the water before its
freezing. And the ice is here difiolved without
lofing any thinhg of its coldnefs. Now the cold-
nefs of ice, if it can be communicated to water
without diminution, will freeze it, for the de-
gree of cold in theice is that, which retains it
in that form, and prevents it from returning to

{0 water,
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water, therefore that degree of cold, commu-
nicated to other water, mufl turn that alfo into
ice. Now a heap of (now or ice in powder is a
colletion of particles of ice, with interftices be-
tween filled with a warmer medium. There-
fore, if any veffel of water be fet into fuch a
heap of fnow or ice, the cold communicated to
the water will be no greater, than what refults
from the coldnefs of the ice or fnow compounded
with the warmer condition of the interitices.
But when the fnow or ice is liquified by the
means before mentioned, thea the vefiel is {fur-
rounded by one uniform body of cold equal to
that of a folid body of ice, Therefore in this
cafe the water in the veflel will freeze, in the
other cale not.

The ingredients mentioned may fomething
haften this effedt, in that being putinto water,
they increafe its coldnefs, while they are dif-
folving in it, as we {hall fee hereafter. Though
common falt will affift but little on this account.
Nay vinous {pirits, will not only quicken the
freezing power of thefe mixtures by haftening
the liquidation of the ice, as the forementioned
gentlemen obferved ; but will alone produce the
fame effect, as fuccefsfully as the- falts them-
felves : yet thefe fpirits in mixing with water
give an additional warmth to it.

The
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The gentlemen of the forementioned acade-
my plunged a globular glafs with a very flender
ftem into fuch a freezing mixture, as we have
now defcribed, the glafs being filled with water
till it rofe to fome height in the {tem. At the
firlt immerfion of the glafs they obferved the
water to rife, but foon to {ubfide again, tll it
funk fenfibly below 1ts firft height. The rife of
the water on the firft immerfion of the glafs they
foon perceived to be owing to this caufe, that
the glafs by being in immediate contaét with
the freezing mixture was firft affected.by the
cold, and by contratting diminifhed its cavity ;
but when the water began alfo to be affected, it
funk again and continued to f{ubfide; till at
length it would rife again, at firft flowly, but
in a little time very faft. As foon as this mo-
tion was over, the glafs being lifted out of the
freezing mixture, the water was found to be
frozen. By repeating the experiment often, and
frequently raifing the glafs out of the mixture,
they fometimes had the good fortune to take it
out, at the inftant it was going to freeze, fo that
it would fometimes freeze before their eyes.
In this cafe upon lifting up the glafs, the water
would appear as clear and tranfparent as ever ;
but on a fudden would become opake, and at
the fame time rife up in the ftem of the glafs :

F o and
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and then the water was frozen. This opacity
of ice above water explains the whole myftery
of the dilatation of the water upon freezing,
Sir Ifaac Newton has clearly proved, that the
tranfparency of bodies is owing to the fmallnefs
of their pores; and that nothing more is necef-
fary to render a pellucid body impervious to the
light, than to render the pores of it large
enough. Thus, when the moft tranfparent
glafs 1s beaten to powder, the powder 1s opake,
or impervious to the light. Why the largenefs
of the pores of a body produces this effect, fir
Ifaac Newton fhews at length, viz. by the
light’s fuffering fucceffive refletions at the fur-
faces of each particles, as it paffes through the
pores, till it is wholly loft.

By the great opacity therefore of ice in re-
fpet of water, we know that the particles' of
water in freezing unite into litcle mafies, and
form larger particles, which neceflarily occafion
great pores between them. And by this means
they compofe a body, which takes up more
room than before, while they ranged them-
felves in a more uniform manner. That the
particles of water fhould take fuch a difference
of arrangement upon cold, as to enlarge the bulk
of “its body, muft be owing to their particular

make and conftitution ; perhaps to the confi-
: guration
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guration of themj for oils will grow thick
and opake by cold without {welling thus ; nor
do they become hard and brittle, as water does.
But this property of dilating upon. changing
from a fluid ftate to a folid, 1s not peculiar to
water alone: it is common to all bodies that
meltinto a fluid, and are brittle when cold.

(Here freeze a water-thermometer with [now or

ice and [alt y and with the fame and [pirit of
wine.)

In the next place, to confider falts and fpi-
rits 3 after having given the eflential charatter=
iftics, whereby falts are to be diftinguithed from
other fubftances, it will be proper to explainthe
grand divifion of them into acid and alkali,
which has made much noife among the natural
philofophers. All the principles in philofophy
of fome men have been confined to thefe two.
This divifion of falts does in reality deferve our
greateft attention. But as all fpirits, except
the inflammable vinous fpirits, feem to be only
a diffolution of fome falt in water ; in what I
am going to fay upon acid alkali, I thall fpeak
of falts and {pirits promifcuoufly.

An acid is properly that, which taftes four,
when applied to the tongue, whether it be a
dry powder, or a liquor, that is, whether it be
falt or fpirit : for it is to be obferved, that of

| F 4 dry
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dry bodies falts only are the proper fubjects of
tafte, for earths being un'diﬁhliré.ble in water,
and unactive fubi’cances, wlll nm: diffelve in the
faliva nor aét upon the nerves nf the tongue,
otherwife, than as by drymg up the humi-
dity, wherewuh the tongue is mm&enfd they
Jnay create a perception, which in the com-
mon phrafe of fpeech may be comprehend-
ed under the general name of that {pecies of
fenfation, to which this organ is appropriated.
The alkalis are fuch falts and fpirits, as, when
mixt with acids, raife a confli&t and efferve-
fcence, and in the end deprive them of. their
acidity. Some acids will ferment with each
other. Oil of vitriol for inftance ferments with
the weaker acid of {pirit of falc: but here the
mixture ill remains acid. |

| fo?‘E the experiments af acids ﬁf‘?‘mb’ﬂhﬁg wiih
alkalis.)

What this fermentation is, and to what caufe
its vifible effelts are owing, will be inquired
hereafter. 9 i
~ Sir Ifaac Newton feems to think, that the
acid principle is the great agent in pature, which
fets at work the other parts of matter. There

is a paper written bf him partlcular]y upon
amds.

I
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It was communicated firft to Dr. Pitcairne,
and by his means came into the hands of others.
It was at length printed in the fecond volume
of the Lexicon Technicum of Dr, Harris. - Sir
‘Haac there fays, T call acid, what attralts
ftrongly, and is ftrongly attrafted. He appre-
hends acid particles united to earth to be the
compofition of all falts. Even that the alkalis,
which are ufually treated as the oppofites and
antagonifts of the other, he fuppofes to be only
earth joined with an acid ftrongly attracive.
But his opinion in thefe particulars we fhall
more diftinctly inquire into, and explain in
the courfe of thefe leCtures, as we prepare the
particular fubftances to which thefe opinions
relate.
~ But to proceed, befides thefe marks I have
given to diftinguifth between acids and alkalis,
there are other methods made ufe of to difcover
them. Sometimes an acid or alkaline quality
lies hid in a fubje@ fo as not to manifelt itfelf
very diftinctly to the fenfes, by the foremen-
tioned dire trials; yet will produce fuch ef-
fects, as more manifeft acids and alkalis are
known to do. One of thefe effets is the
change, they occafion in the colours of many
bodies. Syrup of violets, is commonly made
vle of in thefe trials.  Acids turn its blue co-
; lour
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lour into red, alkalis change it to green. But
Mr. Boyle recommends above all the tincture of
lignum nephriticum.

If cold water be poured upon a few fhavings
of this wood, it foon acquires a tincture, which
looked upon appears blue, but feen through
appears red. This blue tint is taken off by an
exceeding fmall quantity of acid,’even when the
tinture is made very deep. For this reafon
Mr. Boyle recommends 1t as the moft fubtle
criterion of acidity. Alkalis heighten the blue

tinéture,

(CHere the experiments with [ir. viol. and lin8.
lign. nepbrit.)

No other {pirits, belides thofe which are acid
or alkali, have been much confidered in che-
miftry ; except only the inflammable vinous
fpirits. Mr. Boyle has made fome mention of
other {pirits, and calls them neutral.

Neutral {alts are commonly known ; fuch is
common fea-falt, we ufe at the table; fuch alfo
is falt-petre, the largeft ingredient in gun-
powder.

Inflammability is a property, which belongs
to no {pirit, except the vinous fpirit; but all
oils are pofiefled of it. This {fo remarkable a

property of thefe fluids, while water on the con-
trary
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trary is a potent extinguifher of fire, deferves
particular confideration.

It has been obferved before, that all bodies,
when heated to a certain degree, emit light and
fhine ; water can never receive {o great a degree
of heat. The heat it has, when boiling; is the
greateft, the moft intenfe fire can give it, and:
with this heat 1t flies away in vapour. This
property of water, of being incapable of any
great heat, is that, which enables it to extin-
guifh fire.

It has been obferved in a former leéturs, that
heat diffufes itfelf from the hot body, and de-
cays gradually. That it never ftops fhort, and.
is interrupted at once ; infomuch that the near
approach of a cold body to a hot one neceflarily
diminithes the heat. For this reafon, when
cold water is thrown upon a piece of hot metal,
or a burning coal, the heat of the body is necef-
farily leffened, till the water is by degrees heat-
ed and thrown off in vapour. But fince water
can receive but a {mall degree of hear; if, as
faft asthe hot body diffipates the water thrown
vpon it, frefh water be fupplied, the body mulft
at laft be reduced to the heat of boiling water
only. Burt with this heat no bodies known, ex-
cept the phofphorus from urine, will burn, Thus
fire muft be extinguifhed,

Oils
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Oils are capable of receiving a greater degrec
of heat, than water is; infomuch that the
fteam, which rifes from them, will emit light
and {hine ; and when oil has acquired this heat,
it will continue it, and confume away in a
thining fmoke or vapour ; that i s, the oil will
burn,

It may be alked, why oil, when heated to
this degree, fhould continue thus hot without
diminution, till it is confumed, though no other
fire be near it; whereas hot water, when re-
moved from the fire grows gradually cool again.
This is common to oil with all burning bodies,
and they all require the prefence of the air for
this purpofe. Any burning body in a clofe
place, where all accefs of frefh air is excluded,
foon is extinguithed and grows cool.

There is another particular in the heat of
burning bodies, which is likewife owing to the
air. Thefe bodies, like all others, grow gra-
dually hot by the influence of the heat applied
to them, till the inftant in which they take
fire. At that moment their heat increafes
many fold on a fudden. As they will not
burn without the affiftance of the air, fo they
never receive this fudden increafe of their
heat, if the air be abfent, but will grow
gradually hotter and hotter, as other bodies do,

4 till
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till they come to the greateft heat, they are
capable of.

Burning bodies do not all require the fame
degree of heat to fet them on fire. Brimftone
will take fire, and flame with lefs heat, than is
required to fire oil, fpirit of wine with lefs
heat than brimftone, and the phofphorus made
from urine, with much lels heat than {pirit
of wine. And fometimes the bodies, that take
fire with the leaft heat, are the hotteft, when
on fire. The flame of {pirit of wine is hotter
than the flame of oil; and the flame of the
phofphorus from urine much hotter than either,

In fhort, bodies take fire by an ation bétween
them and the air, and a certain degree of heat
is required in every body (though not in all the
fame) to excite this aétion. This action conti-
nues all the time the body burns. As foon as
it ceafes, or is diminifhed beyond a proper de-
gree, the burning is extinguifthed. By fetting
a body on fire in a clofe veflel this action is dif-
covered to have a very remarkable effeét upon
the air itfelf; for it is found todeftroy the elal-
ticity of part of it. If by an air-pump the air
ahout the burning body is gradually rarified ;
or though the air remain equally condenfed, as
the body in burning charges the air with fumes,
which mixt with it caufes lefs and lefs pure air

to
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to be in contact with the burning body : in both
thefe cafes the burning foon ceafes.

But in the open air, the air near the burning
‘body being rarified by its heat becomes lighter
than the reft of the air, and therefore muft
afcend, while its place is fupplied by frefh air,
which ‘being rarified, in its turn alfo afcends.
By this means a conftant current of frefh air
flows by the hot body.

There is but one other body knewn, which
is pofieft of this property of the air, and that is
nitre. This fubftance, we fhall hereafter fee,
-will make bodies burn, upon which the air can-
not eafily be brought to have any fuch effect ;
and being an ingredient in gun-powder, caufes
that to take fire without the affiftance of the air.

But what kind of attion this is, whereby the
air keeps bodies on fire, we fhall fee more dif-
-tintly hereafter.

As this action of the air is the only means
-found here upon the earth of continuing heat
-without diminution; it is not improbable, that
the fun is a body aétually on fire, kept burning
and in a flame by an air, which encompafies it,
Perhaps the vapours arifing in this flame, after
circulating a time in the fun’s atmofphere fall
down, and become combuftible again. If fo,
the fun will continue for ever burning without

being
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being confumed, The changes feen in the {ur-
face of the fun agree very well with its being
fuch a burping body, nor 1s its denfity too
great, being not above one-fourth of the denfity
of our earth.

Thus I have endeavoured to give fome ac-
count of the five kinds of fubftances, into which
bodies are divifible by the fire. Thefe are
confidered by the modern chemifts, as fo many
principles, on which they build their reafonings,

Paracelfus and his train are more concife :
they enumerate but three principles, falt, ful-
phur, and mercury ; by the firft meaning what-
“ever is fixt, by the fecond whatever burns, and
by the third all that is volatile ; which Paracel-
fus illuftrates after this crude manner, in wood
on fire, what burns in it is {ulphur, the fmoke
is the mercury, and the athes the falt.*

But in regard to the five fubftances, which
have been here enumerated, the great queftion,
which occurs is, how far they deferve the name
of principles. If by principles are meant the
original forms of the particles of matter, by
whofe union in various proportions all com-
pound bodies are produced, while themfelves
are neither alterable nor divifible by any natural

* Quod ardet, fulphur eft; quod effumat, eft mercurius ;
qui cinis relinquitur, fal ef. Vol i. p. 14. col. 1.
pOWers ;
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powers; thefe, we have here called principles;
certainly deferve not that appellation ; for they
are themfelves compound fubftances, and their
conftituent parts feparable by chemical opera-
tisns, as we fhall fee in the courfe of thefé lec-
tures. Put as the firft operation of the fire in
analyzing bodies divides them into {fome, or all
of thefe fubftances; they are the firft ftep in
chemiflry towards difclofing the nature of each
compound : and what additional progrefs can
be made in the knowledge of natural bodies -
muft -be deduced from examining and farther
decompounding thefe.

Belides the five fubftances here mentioned,
there is another produced from bodies; though
not fo much taken notice of by chemilts. This
is an aerial vapour, which, when purged from
the heterogenous fubftances that rife with it,
feems to be true permanent air,

1 fhall only add here, that the chemifts have
been many of them very confufed injudicious
writers, confounding the ufe of their terms
without end. And thence fome names in com-
mon ufe are not conformable to the definitions,
1 have given above. For inftance, oil of vitriol,
and oil of tartar per deliquium, are by no means
properly to be called oils, for both will mix
with water, nor is either of them inflammable.

| ' They -
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They are in nothing like oil, but in a little
ropinefs, which appears in them, as they are
poured out of a bottle.

After this explanation of the general ¢Toflg
of the chemical analyfis, at our next meeting, |
fhall proceed to conlider compofition,

G LECGC
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LECTURE V.

\ T ER explaining the general effeits
A of chemical analyfis, and the principles
of natural bodies, that difcovers; chemical
compofition is next to be conlidered.

All mixtures of different bedies, fluid or fo-
lid, where their parts are mutually united, come
under the prefent head. But the moft eminent
of thefe mixtures is, when a fluid is endued
with a power of infinuating itfelf between the
parts of a folid body, and wuniting with them.
In this action indeed the parts of the folid body
are feparated from each other, and therefore the
body is not improperly faid to be diffolved ;
but as the effect of this is to unite the parts of
the body with thofe of the fluid, the aion
comes properly under the head of chemical
compofition. When the fluid diffolves the
whole body, and receives all its parts intire
within itfelf the operation is merely compofi-
tion ; but often the effect of fuch difiblution is
more complex ; and while one part of the body
is united with the fluid, fome other either flies off

in
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it vapour, or fubfides: here there is a combi-
nation both of analylis and compofition.

Every fluid, which has a power to diffolve
other bodies, is called a menftruum. The
operation of the menftruum is owing to fome
power, whereby its particles attraét and adhere
to the parts of the body, it diffolves ; the par-
ticles of the menftraum muft likewife be in a
difpofition, that they can eafily move toward
the body to be diffolved ; and fluidity beft fits
them for this end. Pure water is 2 menftruum
to all falts.  And all the reft of the menftruums
are no other than water impregnated with fome
active particles. . ’

Sir Ifaac Newton is of opinicn, that wherever
any diflolution 1s made, there an acid is prefent,
Jf not manifeft tofenfe, yet latent; in which he
only exprefles his fentiment, that acid particles
are the aétive principles, that attract other bo-
dies, and are attraéted by them. Thus be ap-
prehends every kind of falt to be only an acid
joined to fome other fubftance. He chufes to
call thefe a&tive principles acid, becaufe he fup-
pofes, that whenever they fhould- be united
with water alone, they will exhibit that tafte.
Though neither fea-falt, nor nitre has any acid
tafte, yet [pirits very ftrongly acid are to be ex-

Gig pelled
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pelled from them, after which the remains will
be a mere éarth. :

The greateft part of menftruums are faline ;
fpirit of wine indeed partakes of the nature of
an oil, and irs diffelving power chiefly confifts
in affociating with itfelf, the unctuous parts
of vegetables. Thus we fhall fee it diffolve re-
{ines, or the infpiffated oils of vegetables, and
extract them from the compound, in which they
are lodged.

We have already obferved, that the men-
ftruum muft have 1ts parts moveable, that they
may come readily in conta&t with the body,
they are to at upon; and that this requires
fluidity. In a fluid ftate, the aétive principles,
while fwimming in a liquor, eafily move. By
this means they readily approach the body, they
are to work upon; and being in conta&t with it
penetrate the body ; the active particles of the
menftruum infinvating themfelves between the
particles of the body, and carrying along with
them part of the fluid, wherein they float, they
difunite thofe particles: that is, they feparate
them fo far afunder, till they can no longer a&t
on each other, {o as to caufe a coherence. Then

“the particle of the body in diffolution is inveited

by the diffolving particles of the menftruum,
and
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and carried away with them into the fluid. Thus
the body, though heavier than the fAluid men-
{truum, is fulpended init, fo as to compofe one
fluid body with it. |

It is here to be noted, that thefe active parti-
cles of the menftruum do not attract ane ano-
ther, but the other particles of the fluid, where-
in they fwim. Whence in the fluid they are
difperfed equally throughout it, and, when they
have diffolved a body, they in like manner dif-
fufe the parts of that body uniformly through
ghe menftruum.

When menftruums diffolve bodies, a vifible
motion is frequently, though not always feen in
them, and bubbles filled with air rife in great
plenty. This motion is called by the name of
fermentation, a word firlt applied to that intel-
tine motion raifed in pafte by the means of le-
ven in order to break the mucilage of the grain
in the preparing of bread ; but now by chemifts
1s ufed generally for every kind of vifible effer-
vefcence, fuch as is feen in mixing any fluid
either wicth another fluid, or with a folid body.

Heat promotes the alting of menftruums.
A menftruum, when heated, fooner diflolves a
body, than when cold, and while hot, will re-
tain more of the diffolved body, than it can

hold afterwards, a part fubfiding, as the men-
G 3 {truum
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ftruum cools. Thus water will keep more falt
or fugar diffolved, while hot, than it will re-
tain, when grown cold again. Nay if care be
taken to impregnate the hot menftruum with
the body to a fufficient degree, the parts of the
diffolved body, when the menftruum is become
cold, will unite together again, and feparate
from the menftruum.

Itis not difficult to conceive, upon what prin-
ciple heat promotes the ation of menftruums.
Heat dilates all bodies, and we alfo know, that
by fo doing, it diminifhes the cohefion of their
parts ; for it not only quite feparates the parts
of many bodies, when it arifes to a fufficient
height, but univerfally in every degree renders
bodies fofter ; thus fluids by heat become more
liquid, and the moft rigid folids diminith- in
firmnefs, till they become quite flexible, or even
fluid. Bur as the action of menftruums is to
difunite the parts of bodies, we nced feek no
farther to know, what affiftance heat gives to
this attion, than that it leffens the cc:lleﬁon uf
the bodies to be diffolved.

As the action of menftruums is promoted by
heat, fo the temperature of the menftruum is
for the moft part changed during the time of
its acting, from what it was before. Moft fre-
quently the menftruum grows hot, ln fome

| cafes
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cafes it grows cold. The like alfo is often ob-
ferved in mixing fluids with each other.

To form fome idea of two fuch oppofite ef-
fets, let us confider, that as the attion of heat
1s to expand bodies, and keep their parts at a
diftance ; fo the attion of a menftruum is to
draw the parts of the body towards its own
parts ; that is, while it operates to caufe a con-
traction of the whole : and this being an action
contrary to the action of heat, it is hence very
conceivable, how cold is produced. To difco-
ver whence heat arifes in thefe cafes, it muft be
known, and fhall hereafter at large be thewn,
that there is one {ubftance in all bedies ; by the
~copioufnefs of which in inflammable bodies,
they are indued with the power of burning.
“We often fhall call it the inflammable {ubftance
or principle : it is allo ufually called fulphur.
Now fir [faac Newton fhews, that light, and
confequently heat, operates immediately upon
this part in bodies. We fhall hereafter fee,
that in all vifible fermentations a part of this is
carried away in the frothy bubbles, that break
through the liquor. It may alfo go off iavifi-
bly ; for when it goes off in the vifible appear-

~ance of bubbles, another {ubftance accompanies
it. Such an agitation of the fulphur, as to ex-
pel part of it out of the body, muft excite heat;

G 4 this
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this being the fubftance immediately operated
on, and put into motion, when a body is heated.
In this cafe therefore we are to confider two
.caufes operating together; the forementioned
contraction productive of cold, and this expul-
fion of fulphur, whereby heat i1s occafioned.
»When this latter operation prevails, the mixture
grows hot.

Saltpetre and fal ammoniac (falts we fhall
hereafter take under particular confideration)
mixt with water produce cold, mixt with ftrong
fpirit of vitriol produce a great heat, but the
acid fpirit may be {o much diluted with water,
that cold fhall refult from the mixture, though
not in fo great a degree as from mixing thofe
falts with water alone. And in this cale while
a thermometer plunged in the mixture is affect-
ed with cold, another fufpended over it fhall
receive heat from the afcending vapour, an evi-
dent proof that in this cafe both the caufes be-
fore mentioned operate.

It is here to be noted, that as bodies are made
up of particles, which are themfelves compofed
of other particles; fo thefe menftruums dif-
folve only the grofs body, but not the par-
ticles which compofe it. Their parts adhere
together by a force not to be overcome by thefe

powers.
Action
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A&ion and reattion in all bodies are equal ;
therefore, when 1 here {peak of menftruums
diffolving bodies, I would not be under-
ftood, as if the power of diffolving afcribed to
one of the bodies was a property of a diftiné
kind from the difpofition to be diffolved attri-
buted to the other. The diffolution is mutual,-
for the parts of both are removed farther from
each other than before.

When a fluid acts on, and divides the parts
of a folid, it is ufual to fay, the folid body
is diffiolved, and that the fluid is the diffolver.
But indeed the effet in firiétnefs 1s, that both
fubftances become united, and as the fluid, by
infinuating itfelf into the folid body, has fepa-
rated its parts, and difperfed them throughout
itfelf, fo the fluid has its parts in fome meafure
feparated by the particles of the other body
coming into it, and the refult is a compofition
of the two fubftances into one.

Two things farther are to be remarked con-
cerning menftruums.  One is, that after they
have diffolved any body, if another body,
whereon they a¢t more vigorouily, be put into
them, they quit the firft body in order to lay
hold of the fecond ; fo that the firft body fhall
fall down, if it be heavier than the menftruum,
which is the molt common cafe, and is called pre-

cipi-
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cipitation. If the firft body diffolved be light-
er than the menftruum, it will fwim on the top
of it. 'This not being a very common cafe has
no particular name ; but is in effect the fame
with the other.

Another particular to be here obferved is,
that when a menftruum by the afliftance of heat
has been charged with a greater portion of the
fubftance diffolved, than it will retain, when
cold, the redundancy does not always f{imply
fubfide, but frequently gathers together in
grains of fome fpecific thape. And this manner
of the diffolved body’s feparating from the
menftruum is called cryftallization ; wherein to
render the grains depofited large and in their
moft perfect form, fome management is necef-
fary. If the liquor is too ftrongly impregnated,
the grains concrete together, and their true
ficure not eafily perceivable. The moft cer-
tain method is to diffoive the materials, which
are principally falts, when' pure water 15 the
menftruum, in a large quantity of the liquid,
and then to evaporate to a due degree.

The rule generally given for determining
the proper degree of evaporation is to proceed
with a gentle heat, till a fkin, or in the more
ufual language of chemifts, a pellicle appears
upon the furface of the water. By this is

known



Leér s, OF ~CHEMISTRY. §f

known in moft falts, when the hot liquor is
fo far impregnated with the falt, that a parc
will feparate from it, when cold. In nitre
this pellicle fcarce appears. Thofe, who per-
form this operation upon nitre in large quanti-
ties, judge of the evaporation by the weight
of the liquor; for the falt being a more pon-
derous body than water, the water, as it is
farther charged with falt, becomes more weigh-
ty. But we may alfo judge when the liquor is
difpofed to fhoot, by taking a little up in a
{poon, and waiting till it is cold, and if the
liquor be fufficiently charged with nitre, the
falt will begin to appear in fmall threads.
Sea-falt and borax, if the water be {ufficient-
ly evaporated, will fhoot, while the water is
hot.

This cryftallization of falts is an operation,
which greatly merits confideration. It pro-
mifes no inconfiderable light into the nature
of thofe powers, by which the fmall parts of
matter act on each other,

If the leaft ‘quantity of water be poured
upon a parcel of falt, it will foon be difperfed
through it; but the falt being a heavier body
than water, the upper part l::rf the wet falt will
have more water among it than the bottom,
the falt by its weight thrufting up the water.

If
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If there were no aftion between the water
and the falt, the water would be all kept up-
aards, and the fale lie at the bottom as com-
padt together, as jt did, before the water
was put to it. But by the aétion, there is,
between the parts of the falt and of the wa-
ter, the water will take up fome of the falt,
and fuftain it againft the power of its gra-
vity. If more water be poured on, more of
the falt will be taken up, till at length with
a due quantity of water all the falt will be
difperfed through the water ; infomuch that
the loweflt part of the water will fcarce, if at
all, be more impregnated than the very top.
But for this eilect there requires a certain
.quantity of water in proportion to ‘the falt.
And in different falts this proportion is very
different,

With the heat which water will have in a
moderate temper of our air, common {alt re-
quires lefs than three times its own quantity
of water to keep it diffolved ; nitre requires
fomewhat more than common falt; green vi-
triol f{carce twice its own weight; but alum
requires near feven times its weight of water ;
and borax twice as much,

As water, by a great heat, can be much

more {trongly impregnated with any of thele
2 {alts,
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falts, than when cold ; fo, when the water
cools again, the overplus by its gravity will
fublide.

But the particles of the falt, when not kept
feparate by the water, have a power, where-
by they approach and adhere to each other.
Therefore, if the water be fo far only eva-
porated, that this fubfidence of the falt may
be performed leifurely, the particles of fale
will at fo on each other as to unite in cluf-
ters, and form diftinct bodies of a regular
fhape.

The colder the place is, in which the li-
quor is fet, the cryftalline bodies, into which
the fubfiding falt forms itfelf, will be the
larger.

By the particles of the falt thus meeting to-
gether in regular fhapes, it muft be concluded,
that before they began to meet, they were dif-
perfed through the water at equal diftances
from each other. And this is a natural confe-
quence of the altion berween them and the
water ; for each particle acting equally on the
water, one paricle will encompafs itfelf with as
great a quantity of watcr, as the other. The
moft dificult enquiry in this cafe is, what caufes
the particular figure, into which each falt fhoots,
This muft of necellity arife in general from this

caufe,
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caufe, that the particles of the falts are of par-
ticular figures ; and that thefe falts on their dif-
ferent fides have different powers of acting ;
for by this means thefe particles will meet on
fome of their fides only, but not on others, and
fo form the particular figures, into which we
find them to fhoot. It appears very {urprizing;
that the particles of matter fhould have fuch
different properties on their different fides ; but
fir Ifaac Newton has evidently demonftrated
this of the rays of light, fo that the fame thing
may with lefs difficulty be admitted in other
cafes alfo, where there appears any proof of it.
Whether this can be occafioned only by the
figure or fhape of the particle, will be beft
known, when we fhall have gained a more di-
ftin&t infight into the caufe productive of this
action between the parts of matter.

All that has been faid of falts equally obtains
in metals, which, when diffolved in their pro-
per menftruums, are difpofed to fhoot out of
them in fome diftint form, after the fame man-
ner asfalts do from water, and are then become
a genuine falt,
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On animal and wvegetable Subflances,
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BEING now to enter upon the particular

procefles of chemiftry, it is proper to
begin with the moft fimple.

The fubjects therefore, I intend here to treat
of, are to be inclofed in a fuitable veflel, and
scxpoled to the gradual action of fimple heat
only. The veflel,. in which thefe fubjedts are
inclofed, is placed in an open fire; that, before
the operation is over, they may receive a great
degree of heat.

The firft {ubject, we fhall confider, is animal
fubftances.

The
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The animal {fubftance moft wrought upon by
the prattical chemilts is hartthorn. They gene-
rally diftil it in an iron pot, with a head fitted
to it, to receive the vapours, and convey them
into the receiver. It is alfo ufual for them to
place a glafs veflel between the head of the ftill
and receiver, to give the vapour (or in the
language of chemifts, the fumes) more room
to expand in; and being carried by this means
farther from the fire, they alfo condenfe the
fooner. This wveflel they call an adapter.
When very large quantities are diftilled at
once, they place another adapter, made of tin,
between the glafs adapter and the head of the
pot. For a fmall quantity of horns a coated
retort, with or without an adapter, will fuffice.

There 1s no other preparation ufed to fit this
fubje& for diftillation, but only to cut the
horns {mall enough to be put into the veflel,
wherein they are to be diftilled. Nor is any
thing mixt with them. The fire muft begin
flow at firft, and be raifed gradually, left the ,
vapour rifing too impetuoufly, fhould burft the
recetver.

‘When the diftillation 1s finifhed, that is, when
with the greateft degree of fire no more fume or
vapour will afcend; we find in the receiver
three different fubftances: a fluid, which will

mix

—
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mix with watér, therefore a {pirit; another fluid,
which will not mix with water, and will burn,
that is an oil ; alfo a dry fubftance diffolvible
in water, therefore a {ale, There remains be-
hind a black coal, flill retaining the fhape of
the horns. This coal, prefied ever fo long in
a clofe veffel with the moft intenfe fire, wiil
neither lofe its blacknefs, nor its fhape. But
the blacknels will foon be deftroyed by a free
admiflion of the air to 1t, as will be thewn in a
following leCture, We do nat praofecute our
operations now fo far, neither on this, nor on
the other {ubjeclts of the prefent leCture; be-
caufe we here intend only to fhew the effeéts of
fimple heat, without the concurrence cf any fo-
reign afliftance.

The fpirit and falt are alkalis. Accordingly
they turn the {yrup of violets green. They
give a difagreeable colour to all red fyrups
alfo ; and therefore, when they are ufed in
medical prelcriptions, care fhould be taken
not to add any fuch fyrups, where this {piritis
an ingredient.

This {piric and falt are the fame, from what-
ever animal fubftance they are diftilled ; whe-
ther from hares-herns, vipers, or any other;
alfo all the animal juices, as blood, urine, &c.

afford the fame. Thefe fpirits and falts may
| H feem
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feem to differ a little, when frft diftilled ; be-
caufe from fome fubjects they come more im-
pregnated with oil, than from others; but in
proportion as they are purified by the method,
we fhall defcribe and perform at our next meet-
ing, they gradually difcover a more perfect re-
{femblance.

The principles hitherto treated of are found
in every animal fubftance, whether folid or
fluid ; buc there are fome other productions
peculiar to milk and urine, which deferve our
notice.

Milk in boiling emits a watry vapour,
neither of an acid nor alkaline quality, till
fuch times, as what remains grows very
thick, and acquiresa great fweetnefs. Whence
this {weetnefs takes its rife will be thewn here-
after.

If milk ftands any time, it feparates fponta-
neoufly into two parts, one of which is watry,
and the other of a thicker confiftence: they
both in a Iittle time acquire an acidity. But
the acidity of the thicker part is owing altoge-
ther to fome of the watry part remaining ftill
with it : for if this watry part is well beat out,
it becomes that oily fubftance butter. The
watry part therefore is that only, which turns

four or acid. |
The
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The watry vapour, which arifes from milk,
will alfo by time grow fourifh ; for which rea-
fon the ufe of milk in diftilled waters, dire&ted
in the writings of phyficians, is with us wholly
difcontinued.

As milk 15 a fluid, that has for fome time
circulated in the blood veffels of an animal; fo
it begins to partake of the nature of the other
animal juices : for though by ftanding it be-
comes acid, which- happens not to any other
animal juice; yet after frefh milk has been
freed by boiling or a gentle diftillation from
its watry parts if it be then preflfed with a
ftronger fire, an alkaline fpirit will arife from
it ; and alfo an oil refembling the oil that comes
from other animal fubftances.

-Milk therefore appears to be reduced by the
powers of digeftion into a kind of middle na-
ture between animal and vegetable fubftances ;
for as animal fubftances yield upon diftillation
the forementioned alkaline {pirit and falt; fo
the greateft part of vegetables afford acid prin-
ciples, as we fhall {ee prefently.

Hence it is, that milk is fo very ufeful in
hettical fevers; for milk approaching already
fo near to the animal nature, is eafily converted
into nourithment, and at the fame time, by its
having put off, as it were, but half its acid

H 2 qua-
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quality, it is fuited to cool the feverifh heat,.
under which thefe patients labour. '

In the next place, from urine is extrattec:
that furprizing fubftance called from its perpe-
tual fhining in the dark phofphorus, and this.
fubftance alfo contains an acidiry.

If urine be diftilled, while frefh, it fends
forth at firft a watry vapour of the fmell pecu-
lar to urine. Afterwards with a ftrong fire it
yields the fame fpirit, falt and oil, as other ani-
mal fubftances, But, if the urine be putrid,.
the volatile alkaline {pirit arifes from it with,
the firft heat. The reafon of this change in the
urine by putrefaction, we fthall difcufs, when:
we come to take into confideration that grand
operation in the ceconomy of nature. _

The phofphorus is obtained by diftillation:
from urine putrified, by the force of a very ve-.
hement and long continued fire. The opera-
tion from the firft invention of it has been kept,,
as a fecret, till very lately in the Memoirs of
the Academy of Sciences at Paris the procefs is-
defcribed at large, which the defcribers affure:
us fucceeded with them to their with. The late
Mr. Godfrey, with whom  this fecret remained,.
till the forementioned publication of it, informs
us, thaty if a quantity of the faces alvinz be
digefted along with the urine, a much larger

quan-
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quantity of phofphorus will be obtained, than
from urine alone : alfo that the phofphorus can-
not be obtained from any fubftance, but what
has undergone digeflion in an animal body.

The phofphorus melts, while under water,
with a fmall heat, and by that means may be
formed into any fhape. If taken out of the
- water in the night, or i adark room, it fhines
vividly, and a very {mall degree of heat fets it
on fire. But it will not even fhine, if covered
from the aic. While i1t fhines in the air, it
waltes in fume; but in water, or in {pirit of
wine, it 1s preferved without diminution. No
degree of hcat will fire it under water, but if it
ibe laid, when on fire, upon water, the fierce-
aels of its flame will keep it up from finking ;{o
that it will continue burning upon it, notwith-
fanding it is twice the weight of water.  After
- the flame of the phofphorus is extinguithed, the
~gemains thew manifeft figns of acidity ; the like
are found, when a piece of the phofphorus has
been left open to the air to fume away. The
fume condenfes into a very acid hquer. If, a
picce of phofphorus being fet on fire, a large
glafs be whelmed over it, white flowers will
fectle round the glafs, which are very acid, and
- expoled to the air will attract a great quantity
of humidity, _
H 3 This
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This fubftance .is of no ufe in medicine.
However it cannot but engage the attention of
‘all, who have any philefophical curiefity, b} 1ts
{furprizing properties.

(Here the experiments with the pbofphorus.)

Thus we have found in two animal fubftances,
the milk and urine, an acid part, which is not
to be found in any other, except perhapsin an
exceeding minute quantity. To difcover whence
the acid, here found, is to be derived, we muft
proceed to the other fubjects of this lecture,
which are vegetables.

Some of thefe produce upon diftillation the
fame principles, as are afforded by animal fub-
ftances. Of this kind are muftard-feed, horfe-
radifh, fcurvy-grafs, and all the plants, that
have a fharp pungent {mell and tafte; alfo fome
others, as {ponge and opium. il

The analyfis of thefe plants, is but a late dif- .

covery in chemiftry,  Mr. Boyle is the firft, who
mentions it,

Any of thefe vegetable {ubftances diftilled in
the fame manner, as defcribed before, after fend-
ing out a fetid water, yield a volatile alkaline
fpirit and falt, together with a black fetid oil ;
leaving behind a black coal retaining ftill the
fhape of the vegetable, and not to be burnt to

athes without a free accefs of the air.
But
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But the greateft part of plants exhibit pro-
ductions of another kind.

Befides a water, that firft comes over, we find
here a fpirit, without any falt, and alfo a ferid
oil fo ponderous, as to fink in the {pirit. The
pirit here produced is an acid one.
~ There remains behind a black coal, which
always continues the fame, how long foever it
be preflfed by the fire in a clofe veflel. And here
the parts of the vegetable ftill hang together, as
in the other fubjects.

Charcoal is only this coal made from wood
by a compendious manner of diftillation. The
wood is piled up endwife round a kind of funnel
formed with fticks laid acrofs each other, and
then is covered clofe over with earth, withonly
{fmall vents, that when the wood is fet on fire,
which is done by throwing fome kindled coals
into the forementioned funnel, it may burn as
flowly as pofiible, till all the volatile parts are
expelled, and the wood is reduced to this coal.
Then the fire i1s quite extinguifhed by clofing
up the vents.

In the open air this coal, once fet on fire, foon
burns to athes, which, contrary to the afhes of
both the former fubjets, contain a falt, as will
be fhewn hereafter.

H 4 The
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The farther examination of the coal remain-
ing in all our prefent {ubjets muit be poftpon-
ed, till we come to confider the effeéts of attual .
burning. But firft we muft examine a little
g e {ubftances, that have rifen
from our fubjeéts. As thefe are expelled from
a fubje&, wherein they all adhered united toge-
ther, fo now they are not yet perfectly feparat-
ed ; but each fubftance 1s left i impure by a {mall
mixture with the others.

The farther purification of thefe we ﬂlall refer
to the next lecture.

But here it is farther requifite to take notice
of one other fubftance, that ariles from all the
fubjects of this lecture in diftillation; which is
an aerial vapour, that requires a particular artis
ﬁLE to collect it; inthe method of diitillation
above delcribed it is HEEE.fTil y. that the luting
of the veffels may be fo applied, as to permit
this vapour to efcape; otherwife the receivers
will be blown off, or burft.

This vapour may be collefted by the means
of a retort having a long neck fo bent, thart it
may open under a glafs, inverted into water, the
g!afa itfelf being alfo full of water. Then as
foon as the retort grows warm, the air included
within 1t will expand, and pa"ﬂnn through the

pipe
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pipe will rife up, and place itfelf in the top of
the inverted glafs ; and when the vapour iffues
from the fubject diftilling, it will follow the
fame courfe, and expel out of the glafs as'much
water as is requifite to make room for itfelf.
Afrer the difhllation is over, this glafs will have
received all the aerial vapour produced from
the fubje&, and alfo fo much of the air contain-
ed originally in the retort, as has been expelled
out of it by its expanfion. What this is may be
difcovered by expofing the retort empty to the
fame heat, and will never amount to four-fifths
of the whole air of the retort by the greateft
heat, that can be ufed. And thus may be
known the quantity of ‘aerial vapour, that is
produced from any {ubje&t.

L EC-
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N my laft leture I began to defcribe the ef-
fects of fimple heat on animal and vegetable
fubftances ; that heat will divide and feparate
them into different parts. But as thefe do not at
firlt comefrom the fubjeét abfolutely difentangled
from each other, I fhall now thew, how, by the
the farther application of heat only, a more per-
fect feparation may be made. _

To begin with the f{pirit, which in all thefe
fubjeéts is of a deep colour. This is owing to
a {mall portion of oil ftill remaining in it. When
this is feparated, the fpirit will be tranfparent
and colourlefs like water. '

The falt alfo found in any of thefe procefies
1s foul with oil ; and is tinged by it of a brown
colour ; when pure, it is perfectly white. I
thall now therefore thew, how thefe fpirits and
falts are to be purified.

This may be accomplifhed only by diftilling
them over again with a gentle heat; for thus
the oil will either be left behind, or fwim upon
the fpirit difentangled from it. One operation
will not complete the work ; perhaps all the oil

can
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can never be perfeftly feparated by this means,
but by repeated diftillations it may be {o far
diminifhed as not to be perceivable,

In thefe rettifications the heat of fand is
commonly ufed, an open fire not being eafy
to regulate for fo fmall a heat, as is here re-
quired.

The fpirit and falt of hartthorn are excellent
medicines ; thefe therefore fhould be purified
with much care. They may be mixt together,
and diftilled either in a glafs body, or a retort,
with the gentleft heat poffible. The reétified
fpirit will flow into the receiver, and fo much
of the falt, as the fpirit will not imbibe, fettles
in a dry form in the head of the body, or on the
upper part of the receiver, when a retort is ufed.
Some falt is commonly wafthed down, and lies
under the {piric undiflolved.

Since a large quantity of oil comes from the
hartfhorn along with the fpirit ; this muft be fe-
parated from the {pirit, before that is fet to rec-
tify : otherwife by {wimming uppermoft it will
prevent the fpirit and falt from rifing,

The [pirit and oil are {eparated by pouring
them both together into a common funnel, firft
{topping the bottom of it with the finger. The
oil will foon rife and fwim upon the top of the

{pirit. Then the finger being removed the {pirit
will
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will firlt run out; and by timely replacing
the finger, the o1l mull be prevented from fol-
Iowing.

This 1s the general method for feparating oil
and watry liquors., If the materials are coftly,
a funnel of another fhape is to be ufed. The
body of this funnel is of a globular figure, with
a fmall opening only at the top, which after the
liquors are poured in, is to be ftopt with the
thumb or a cork. This opening being clofed
nothing will run out, though the bottom be un-
ftopt. But when the liquors are feparated, by
opening the clofure at top the undermoft liquor
may be let out; and, when that is all gone,
the other prevented from following by cloling
the upper orifice again.

When the fpirit of the prefent procefs is mixt
but with a fmall quantity of oil, it is beft to ufe
the feparating funnel now defcribed, which will
preferve the {pirit from evaporating, while the
oil is rifing.  'When there is a large quantity of
oil, it will foon cover over the furface of the {pi-
rit, that no wafte by evaporation will happen in
the common funnel. '

In both funnels the feparation will be quick-
ened by having the funnel a littddle warm, and
the mild heat of warm water is the fitteft to
warm the funnel with. But the warming of

the
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the funnel is moft neceflfary, when the oil is
coftly. [Inthis cafe, the liquors being put into-
the feparating funnel above defcribed, itis very
convenient to fet the funnel in warm water, till
the oil is rifen.

(Here exemplify the feparation of eil and water

by both funnels.)

But to return to our procefs, the fpirit and
falt of the hartthorn require more than one rec-
tification, as has been faid, to render them
pure. By repeated operations, the fpirit will
become as clear as rock-water, and the falt per-
~ feétly white. However the oil adheres fo tena-
cioufly, that they are fcarce to be totally freed.
And though you reétify the {pirit, till it appears
ever {o clear, or the falt, tll it is as white as
poffible, yet in time they will contra& a yellow
hue, a fure token, that they are ftill charged
with oil, which at firlt was fo divided and
fpread through the falt and {pirit, as to be
invifible, bur at length gathers together and
appears.

Thefe {pirits and falts are much more agree-
able to the ftomach, when wholly free from
their yellownefs. Therefore, when they have
changed colour, they ought to be rectified
again, to fit them for ufe. This is too little
practifed, though thefe medicines would hereby

6 be
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be greatly improved : when the oil 1s got toge-
ther in fuch a body as to be vifible, it will
then alfo become fenfible to the ftomach, and
often caufes patients, whofe ftomachs are

weak, to complain upon taking thefe medi-
cines.

It required a ftrong fire to feparate this
falc firft from the fubject, but now it is once
feparated, 1t 1s {fo exceeding volatile, that it
muft be kept in a very clofe vial, or its moft
fubtile parts will fly away into the air.

This great volatility of the falt gives the {pirit
an advantage in medical prefcriptions ; for
fhould the fait be mixed with any powder, or
even bolus, it would foon fly away, and leave
the medicine deftitute of any virtue to be ex-
pected from the falc : whereas, when the fpirit
is added to a draught, or the like liquid pre-
fcription, the fpirit is ealily confined by clofe
ftopping the vial, wherein the medicine is con-
tained. It is true indeed, that the falt may
with the fame advantage be preferved by dif-
folving it in a liquor ; but the fpirit, being al-
ready a fluid, will more readily unite with the
liquor, than the dry falt.

Every time this {pirit 1s rectified, it becomes
more and more impregnated with falt, part of
the water being being left behind every time

with
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with the oil. At length it will be fo much
charged with falt, that it will thoot, and {ome-
times even coagulate in the cold.

(Here fhew [ome [pirit and [alt of hartfborn
completely refined.)

When this fpirit rifes very pure; after the
fpirit will follow a water not difcoloured with
the oil, but fcarce to be diftinguithed from
common water.

Alfo from the {pirit upon every reétification
a quantity of dry falt will feparate. 'Whence
we learn, that the {pirit is only water impreg-
nated with this falt : accordingly, if this falt be
diffolved in water and diftilled, it produces the
fame fpirit.

Thus we fee, that this alkaline {pirit is water
impregnated with a particular {ubftance, to
which it owes its alkaline quality.

What has been faid of the fpirit and falt of
hartthorn, may be equally applied to the fpirit
and falt of thofe plants, which produce the
fame with animal {ubftances.

If the acid fpirit produced from other plants
be poured on chalk or coral, it boils vp with it,
and being diftilled from it, comes over a watry
fluid free from its acidity. That, which made it
acid, it has left behind in the chalk or coral.

4 ((Here
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(Here fhew this fermentation.)

It 1s remarkable, how inconfiderable a pot-
tion of matter contributes towards this acidity ¢
for the weight of the liquor, by what it has
left behind in the chalk, i1s fcarce {enfibly dimi-
nithed. But this now left in the chalk or
coral is alone the acid principle ; all the reft of
the liquor is no more than a fluid, wherein it
fwims. Why chalk or coral imbibes the acid
from the fluid, it {wam in, is not neceffary here
toinquire. It anf{wers the prefent purpofe, that
we have a material capable of extralting this
acid from the fluide. Mr. Boyle, who i1s the
firft, that put thefe acid {pirits to this examina-
tion, obferves, that, when the acid fpirit is di-
ftilled alone with a very gentle heat, what rifes
at firft will have little acidity ; but be almoft
the fame, with what is produced by the help of
chalk or coral, which laft was the medium he
ufed. Herein this acid {pirit differs from the
alkaline {pirit of the preceding fubjects: for
the firft, that rifes from that {pirit, is the ftrong-
eft; but here it is the weakeft.

Though this {pirit may be thus deprived of its
acidity ; yet it ftill retains properties, that di-
ftinguith it fufficiently from fimple water. Mr,
Boyle therefore calls this the neutral {piric of

the {ubjedt.
| The
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The oils of our fubjells are mext to be confi-
Jered. Thefe are more compounded fubftances
than the {pirits. We have fthewn the fpirits to .
be divifible by diftillation into water and an-
other fubftance; to which they owe the proper-
ties, that give them the denomination of fpirits,
The oils upon diftillation fend out into the re-
ceiver a quantity of oil in all refpeéts like that
diftilied, except only, that it is more tran{pa-
rent and lighter 5 and with the oil in this rectis
fication comes over, during the whole time, a
portion of fpirity fimilar to that yielded by the
{abject, whence the oil was drawn. It is to
be obferved, that this fpirit does not come
ont of the o1l with the firft heat, before the oil
rifes ; but oil and this fpirit come together
to the very end of the diftillation. -After the
diftillation is finithed, a dry black coal is left
behind.

If the oil bmught into the receiver be diftilled
again, it divides as befere. This perpetually
{fucceeds in like manner, how often foever the
diftillation is repeated ; excepting that the
{piric approaches nearer to fimple water. The
oil therefore is divifible into a black coal, and
water, tintured at firft with the fpirit of the
fubject, whence the oil is drawn. Thefe will
not mix together again, and recompofe the o1l :

| the
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the reafon of this is, +hat befides thefe two vifi-
ble fubflances there_'ﬂ another, which flies off
continually in an invifible vapour, whofe affift-
ance is neceflary to the compofition of the oil.
How to meafure the quantity of this vapour,
and make fome difcovery of its properties, will
be fhewn hereafter.

A thick balfamic juice naturally runs from -
many plants, fuch as fir, yew, box, and the
like. All the evergreens abound with thefe
balfams, by which they are defended from the
winter’s cold. Thefe are ufuvally diftilled with
a lefs degree of heat, and in diftillation divide
juft as the oils do.

This is largely praltifed in turpentine. It
may be diftilled in a retort, if it be firft made a
little warm, that it may be poured through a
funnel into the retort without foiling the neck.
This retort may commodioully be fet in fand,
and a fmall fire applied at firft, and increafed
gradually afterwards. At the end of the opera-
tion, will be found in the receiver a quantity of
oil and an acid fpirit. If the operation be ftopt,
before the turpentine is dried to a coal, a tran{-
parent - {ubftance remains, brittle when cold,
though melted with a fmall heat. This is called
colophony or black rofin. The oil, that firft

diftils over, 1s finer, than what follows: and
_ by



Lger.y3. OF CHEMISTRY. 114

by rediftilling the oil, it may be obtained yet
finer. This oil, when brought to a great de-
gree of finenels, is called the etherial oil of tur-
pentine, and often, though improperly, the
{pirit of turpentine.

The thick fubttance remaining, after diftil-
ling from the oil its fine ethereal part, is called
the balfam of turpentine,

The finer part of the oil will rife from the
turpentine with the heat of boiling water and
lefs; thofe therefore, who diftil great quan-
tities of turpentine to obtain the fine oil, di-
{til ic in a copper ftill with water, after this
manner,

The turpentine being put into the ftill with a
large quantity of water, the water is made ta
boil, and the vapour is condenfed by pafling
through a worm-pipe encompafled with cold
water, after the manner I formerly defcribed,
when I fpoke of chemical veffels. The oil
comes over with the vapour, and is feparated
in the diftillation by a glafs of a particular con-
trivance called a feparating-glafs, the form of
which, and its manner of working we fhall by
and by fee.

What is left of the turpentine, when all is
drawn from it, which the heat of boiling water

i 2 will
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will raife, is, when cold, of a brittle conliftence.
This 1s yellow rofin.

Turpentine diftils from the tree while grow-
ing, from wounds made in it for that purpofe.
While the tree is burnt, a coarfer juice runs
from it. This is tar.

The method ufed for making tar is this.
They make a floor with clay, or the like ftiff
earth, with a little declivity toward one part.
Upon this they heap a pile of wood, and cover
it with earth, as in making charcoal ; leaving a
fmall vent only, that the wood may burn flowly.
During the wood’s burning, the tar runs away,
direted by the declivity of the bottom.

In the latter part of the operation, the tar be-
comes coarfer than at firft. This they convert
into pitch in this manner. It runs into its re-
ceptacle fo warm, that by the application of a
live coal it will take fire. They fet it thus on
fire, and fuffer it to burn, till it is brought to a
confiftence, which will harden, when cold.
Pitch is alfo made by boiling tar to a juft con-
{iftence.

The fine oil of turpentine is not the only one,
for obtaining which boiling water is employed.

It 1s to be obferved, that there are in plants

two kinds of oil,, One enters the compofition
4 of
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of the folid parts; another is lodged in certain
veficles or cells fitted for its reception, after the
manner as the fat of animals is collected within
the cells of the membrana adipofa: and there
are methods of feparating this latter oil, without
any mixture of the former.

Some of thefe oils will rife with the heat of
boiling water. In this cafe the plant is put
into a copper ftill with water, and the o1l di-
ftilled from it in the fame manner as in tur-
pentine.

Thefe oils, partaking much of the flavour
and fenfible qualities of the plant, are called
the eflential oils of the plants, whence they are
drawn.

They agree in their medicinal virtues more
with the plant, they come from, than any other
chemical production does with the fubjedt,
from which it is extracted. Indeed as they are
drawn with a fmall degree of heat, fo they exift
in the plant almoft, if not quite in the fame
form, as that they came over in.

The greateft part of thefe oils are lighter
than water; but that i1s not the caufe of their
rifing with {o {fmall 2 heat; for {fome of thefe,
fuch as the oils thus diftilled from many fpices,
are heavier than water; but the volatility of
thefe oils is owing to the {ubtle {pirit lodged

13 in
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in them; for all thefe oils have a pungent
{mell.

The oils of other plants, where this volatile
fpiric is wanting, though they are much lighter
than water, will not be thus feparated. But
thefe are obrtained by prefling the fubjeét be-
tween two iron plates. If the plates be a little
warmed, more oil will be extradted; but, if
they have given to them any confiderable heat,
the oil exprefled will foon turn rancid. This 1s
the reafon, that phyficians always prefcribe thefe
oils fine igne exprefla. The fafeft method to li-
quify the oil, and facilitate its flowing from tie
fubje&, is to foke the fubject a little while in
warm water.

The feeds of plants, that abound with oil, are
the only proper fubjeéts for this operation.

In ditilling the effential oils as before de-
fcribed, - the vapour, which brings over the oil,
is alfo in fome meafure impregnated with it, and
therefore the water itfelf appears of a milky hue,
and partakes of the fmell and tafte of the oil.
We have afferted of oils, that they do not mix
with water. But here the fubtile {pirit, which
renders thefe oils volatile, communicates itfelf
largely to the water, and retains with it a {mall
portion of the oil. For this reafon, in diftilling
thefe oils, it is moft profitable to make ufe of

the
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the water before employed in diftilling the fame
fort of oil, for this water being already impreg-
nated, will imbibe much lefs of the oil, than
frefh water would do. It is alfo advantageous
to {et the {ubjeét, to be diftilled, to macerate
fome time in the water kept warm, before it is
drawn off; for by this means the fubject is
foftened, and will part with more oil than other-
wife it would do. The diftillation may be fo
long continued, till the water fhall come off
acid ; the moment this is perceived, the opera-
tion muft be ftopt; for this acid will rot only
prejudice the flavour of the oil, and of the
preceding water 3 but may chance in its paffage
to corrode the copper alembic, and give them
an emetic quality.

There is another method of obtaining from
plants a water endued with the flavour of their
oil, This is not now much in ufe; but it is
performed by the cold ftill delcribed in a pre-
ceding lecture, In this method frefh plants are
diftilled without any additional water. But
here the watry part of the plant is caufed to
afcend, impregnated with the flavour of the
oil. This procefs of preparing diftilled waters
being very tedious is much out of ufe,

It is neceflary for phyficians to know dif-
tintly, what plants impregnate the watry

I4 Vas
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vapour with their virtues, and what do not.
The ignorance of this has occafioned great ab-
furdities in medical prefcriptions.  The only
plants, whofe diftilled waters are of any effica-
¢y, are thofe, from whence an effential oil may
be extracted by dittillation with water. Inother
plants the diftilled water differs little, from
what comes immediately out of a pump, or a
river. | '

In like manner, when any animal fubftance is
boiled in water, the vapour, when colleéted,
differs in nothing from pure water, but in the
{mell, which is like that, we bhave in broth. If
the boiling be long continued, this fmell be-
comes fetid. But the water has acquired nei-
ther colour nor tafte., This fhews the mif=
take of thofe, who have expelted great me-
dicinal virtues in waters diftilled off from animal
fubltances.

As fome of the olis of vegetables are velatile
in the manner now defcribed y {o alfo are fome
refins from the fame caufe. From the gum
called benjamin fublimes with a {fmall heat a
volatile refinous part in the form of white
flowers. Campbhire, as brought to us from the
Eaft, is wholly volatile, except what feculen-
cies may remain in it. With a very {mall heat
it may be fublimed into flowers; and by the ufe

of
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‘of a veffel before defcribed, called an infernal
clafs, a greater heat may be ufed, fo that the
camphire fhall fix on the upper part of the glafs
in the confiftence of a folid cake ; and this is the
way, wherein camphire is fublimed to purify it
for fale.

We have thus now gone through the analyti-
cal procefles ufually performed by chemifts on

animal and vegetable fubftances by fimple heat
only.

LECGC
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ITHERTO I have confidered no other

ule of the fire than by heating the fubjects

under examination in a clofe veffel, by which

the effets of pure and fimple heat upon thefe
fubftances are feen. -

As heat dilates and rarifies all bodies what-
ever; fo thefe being heterogeneous, do not ex-
pand uniformly, and the different fubftances, of
‘which they are compounded, being fome more
freely rarifiable than others, are gradually fepa-
rated from each other. A great part of the moft
folid of thefe fubjeéts appear under a fluid form,
when feparated from the reft. We find com-
mon water to be the bafis of thefe fluids. The
ipirits are only water impregnated with fome
active principle, and the oils divide into water
tinctured with the {pirit of the fubjeét, whence
the o1l was drawn, and into a dry earthy part,
The folid parts, into which thefe fubjeéts di-
vide, are of two kinds; one that will unite
with water, another that will not.

In this analyfis of thefe fubjects we are to con-

fiderche heat as producing no other change inthe
~ bodies,
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bodies, than making a feparation of parts be-
fore united. If it be afked, why then cannot
we reunite them again ? 1 anfwer, not conly that
the texture of thefe organical bodies is 1njured
by this feparation of their parts ; but alfo, that,
as befides the vifible parts into which the body
is divided, there is alfo another, that goes off
in vapour, in this is carried away the vinculum,
which held the parts together. What this vin-
culum is, and what its powers of attion are, will
gradually be made appear, in the courfe of thefe
experiments.

All the fubjelts, I have treated of in my two
preceding lectures, yield this vapour fo plenti-
fully, that in diftilling them, were the junétures
of the veflels to be abfolutely clofed, the veflels
could not efcape being broke,

The confideration of this aerial vapour is a
new thing in chemiftry. The diligent author of
the Vegetable Statics has made many well-chofen
experiments concerning this matter. Before
him the fubject had been but very fuperficially
examined ; though it is very worthy our atten-
tion; for by the affiftance of fome experiments
to be propofed hereafter, it will give us no
{mall light toward difcovering the nature of the
air we breathe,

This
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This vapour expands by heat, and contracs
by cold, as the natural air does. It has the
{ame fpecific gravity, and the fame degree of
elafticity, whereby it refifts compreffion.

The quantity of this air, which arifes from
the fubftances diftilled, is very remarkable.
From hartfhorn there arifes one-feventh of its
weight in air ; which comes with the white

fumes, and continues to iffue forth to the end

of the diftillation.
From folid o2k 1s to be raifed one-fourth of

its weight of air, and from other vegetable fub-
ftances, it arifes in greater proportion. From
tartar is to be obtained in air one-third of its
weight.

Oils upon diftillation afford plenty of this air,
It is remarkable in the diftillation of oils, that
the water or fpirit, which we have already
fhewn to {eparate from them, does not rife fing-
ly, and come all of it in one part of the diftil-
lation, but during the whole diftillation oil and
" this water rife together; at the fame time air
difengages itfelf from the oil. By this it fhould
feem, that this air contains in it not only the
inftrument by which this water and the earth
jieft behind were before inflammable ; but that
by which they were united together in the form

of oil.
And
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And hence it is alfo probable, that in the
diftillation of more compound fubftances, a
part, if not all of the {pirit, which comes from
them, exifted in the {ubject in the form of oil,
out of which fpiritis produced in the diftillation
by the air’s difengaging itfelf.

And this collection and examination of the
invifible vapour arifing in diftillation completes
the inquiry into the effects of {imple heat on
animal and vegetable fubftances, in a clofe vefiel.
To finith the chemical analyfis of thefe fubjeéts
we muft proceed to examine, what farther ope-
ration the fire will have upon them in the open
air.
|  We have feen all animal and vegetable {ub-
- ftances reduced to a black coal by diftillation,
and this is the ultimate effect of fimple heat only,
' except perhaps at length to render the whole
| volatile 3 but, if frefh air be admitted upon the
| coal, while hot, another appearance is foon ob-
iﬁ:rved. The coal quickly lofes its blacknefs,
and for the moft part falls to athes, whereas be-
fore, under the ftrongeft fire, it retains its ori-
ginal form.,

By this we learn, that with the fubftance,
which tinges the coal black, goes off the princi-
ple neceflary to hold the folid parts of the coal
together. The coal of all vegetable fubftances

falls
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falls to athes as foon as the blacknefs difappears.
One or two animal fubftances, as the teeth and
the hardeft part of the horns, retain their figure,
even after they are become white. All other
animal fubftances fall to pieces like vegetable
fubftances.
* By this we learn, that the principle, whereby
the parts of thele bodies are held together, 1s
ditferenc from that, to which the coal owes its
blacknefs ; or at leaft that in the moft compack
animal fubftances a lefs portion of it, than what
will tinge the coal black, fuffices to continue
fome degree of cohefion. Which is the true
caufe will be better judged of hereafter. ,
. The coal of vegetables, if once fet on fire,
~ will continue burning of itfelf, till reduced to
afhes, without the affiftance of any external
heat, ‘though the coal of the acid family of
plants burns moit vigoroufly. And from hence
we learn further, that this fubftance, which
tinges the coal black, is that, by which bodies
are rendered inflammable. Before the conclu-
fion of thefe lectures we fhall {ee, that this prin-
ciple, which renders all bodies inflammable,
that are fo, is found in all compound bodies.
whatever, and is the very fame in them all,
though all are not impregnated with fo large a
fhare of it, as to be rendered inflammable there-

by.
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by. The coal of fome animal fubftances will
fcarce burn of itfelf without the affiftance of ex-
ternal heat,

Charcoal is this black remains of vegetables,
whofe manner of making we have already de-
feribed.

Again, the coal of thofe vegetables, which:
yield in diftillation acid parts, leaves after burn-
ing in its athes two different fubftances, that are
{eparable one from the other by boiling the
athesin water. If the afhes of the other fubjeéts
are boiled in water, the water, when feparated;
again from them by the filtre, brings away no-
thing from the athes ; but in this the water will!
be found impregnated with a falt,  This falt is
feparable from the water by evaporating the
water 3 for the falt will ftay behind.

This falt may be obtained from plants, that’
yield it, without diftilling them; by fetting the
plant, when dry, on fire in a clean furnace,
and colleting the afhes; for thefe athes will'
afford the {ame falt by being boiled inwater. In
all cafés to extralt this falt to the greatelt ad-
vantage, it is proper to put the afhes, after
they have ceafed burning of themdelves, into
fome proper veflel, and by a ftrong fire to
keep them glowing hot, open to the air, for
fome: hours. 1

6 This
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This fale, when firft extracted from the athes,
ulually appears brownifh 3 but by being expofed
for a time in a due degree of heat it will be-
come very white. This falt is an alkali, not
volatile, as that from animals, but endures {o
ftrong a fire as to melt. If melted, or fuxt,
for a conliderable time, it waltes continually, and
at length grows fo fubtle, that it cannot longef
be contained in any veflel. During this opera-
tion it ufually changes colour, firft becoming
green, and afterwards reddifh; but thefe changes
‘perhaps arife from fparks of coal, which accis
dentally fly into the melting pot. I think the
pot may be covered fo clofe, as to prevent this
change, and thefe colours will burn out and res
turn again. ‘This falt has always a fiery tafte,
and grows by long continuance in the fire a
very ftrong cauftic, fo as, when laid upon any
part of the body, and covered clofe over it, to
burn it like an actual fire. Therefore, when ufed
internally as a medicine, it fhould not be too
highly calcined. When white it is abundantly
hot enough,  This falt is found in all the acid
plants : that extracted from wormwood is mofk
ufed in medical prefcriptions; but there is no
difference at all in the falt, from whatever plant
it be extrated. As the volatile animal falt is
the fame, from whatever fubject it is diftilled,

fo
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fo this falc is in all vegetables, where itis found,
the very fame: though many have abfurdly
afcribed to thefe falts all the particular virtues
attributed to the plants, whence they are drawn,

If this falt, after it has been melted in the fire,
be diffolved in water, and filtred, it will leave a
quantity of earth in the filtre. The like it will
do, how often foever the operation be repeated.
From hence we may learn, that this falt is an-
earth, which has fome other fubftance united
with it, by the intervention of which it diffolves
in, and is united with water; which fubftance
the fire at each melting expels out of fome part
of the falt.

This falt, as has been faid, is very fixt, as
the other of animals was found to be exceeding
volatile.

Thefe are the two alkaline falts, befides
which there is not known any other. Nordo
they appear to differ in any other circumftance,
. than that of volatility only ; excepting, that the
\rnlataie {alt cannot be kept fo long in the fire,
a;_ to ’b: {fo much freed from the adhering oil, as
the fixt falt may; by which means the volatile
falt will not diffolve in water quite fo freely as
the other. |

This falt, extracted in the manner as has been
defcribed, is not perfecly pure. If it be dif-

K folved
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folved in water, and fet by in a cool place, a
falt of a different kind will fhoot from it. Some
of the water being evaporated, more falt of the
like kind will thoot. At length no more of this
* falt can be produced, and the water being whol-
ly evaporated, the fixt alkali falt will be obtained
pure.

The fixt alkaline falt, I have now under conli-
deration, is not to be prepared, but from fub-
jects, wherein both an acid, and an oil, or in-
flammable part may concur to the producion of
it. Of this we fhall have a remarkable proof in
preparing this falt from nitre or falt petre. To
the acid it owes its power of diffolving in water,
and to the inflammable partits melting. The
more this oily or inflammable part abounds in
ir, the readier it melts. Tachenius propofes a
method of preparing this falc by heating the
plantin a pan or a pot covered over, {o as to pre-
vent in a great meafure the accefs of air to it, and
by this means a falt is produced more impreg-
nated with oily parts, and much more eafily fux-
ible, than when the plant burns more freely, as
in the manner 'befu‘re mentioned of producing

this falt, |
" Thefe falts are made ufe of in great quanti-
ties in feveral trades, viz. by the dyers, foap-
boilers, and the makers of glafs. Al thefe ules

we
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we fhall explain in the courfe of thefe le€tures
but here is the proper place for defctibing, how
the great quantities are made.

Thefe falts, according as they are mote or
lefs purified from the earthy and oily parts of
the plant, go by different names. The falt
called pot-afhesis thus made.
 The athes of wood are firft boiled in water,
till the water is ftrongly impregnated with thé
falt of the athes. 'In this tinfture, or, as it is
ufually called, lye, are fteeped the ftalks of
beans, and fuch like vegetables, of a middle
texture between foft leaves and firm wood, and
from this carried to a hearth inclofed wich brick
work, and there fet on fire : as they burn, the
fire 1s kept up by a continual {fupply of the fame
fuel. As thefe parts of plants abound with falt,
and are {till more charged with it by foaking in
the forementioned lye, the falt notwithftanding
the earthy part remaining with it, meits and lies
fluid at the bottom of the hearth, all the time
the fire is kept up. Thefe fucculent parts of
plants alfo abound with oily parts, whereby
the falt thus prepated refembles moft, that pre-
pared after Tachenius’s method before defcrib-
ed ; and like that, melts in the fmall heat of
thefe hearths. This falt is ufed by the foap-
boilers, and by the dyers.

K2 This
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This falt is not fo white, as fome other forts
of it. The whiteft is called pearl-afhes, and is
made from the afhes of vegetables by extracts
ing the falt with water, and then calcining it in
a furnace like that, in which red lead is made,
which we fhall defcribe hereafter. The fire, by
which this falt is calcined, is not attended with
any expence ; for the afhes of the fuel will ferve
to make more of the falt,

Thus I have defcribed the refult of burning,
as far as relates to thofe parts of the plants,
which ftay, and endure the fire. Its effects
upon the volatile parts are no lefs remarkable ;
for the foot, into which the {fmoke condenfes,
(though the plant be of the acid kind) affords
upon diftillation a velarile alkaline fpiric and
falt, fuch as fimple diftillation produces from
the other fpecies of plants: and the phlegm,
which firft rifes, has the like fetid {mell, as the
water of the alkaline plants. |

We fhall find, that putrefaction produces the
fame change in thefe plants. But thus far
burning differs from putrefadtion, that in burn=
ing, though this volaule falt is found in the
foot, yet the afhes retain a large portion of fixt
falt, though not altogether fo much, as when
the plant has been diftilled in a retort before
¢alcination. In putrefaction, if it be permitted

0
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to proceed, till it is become perfe@, there is
fcarce any fixed falt left in the fubje&.

Now we have gone through the common
analyfis of animals and vegetables. In animals
we have found a quantity of water plentifully
lodged even in their dryeft parts. This water
we found impregnated with a volatile fubftnce
of an alkaline quality; the fame fubftance we
have feen likewife under a folid form. Befides
thefe we had a thick oil and a black coal, which’
by burning becomes a mere white earth,
~ In fome few vegetables, we found the fame
principles. And all vegetables after putre-
fattion, exhibit entirely the fame fubftances as
animals do. Otherwife the greateft part of ve-
getables, yield very different principles.

The, water which comes from them, befides
a very pungent fmell remarkable in it, is ftrong-
ly impregnated with acidity. Two oils were
alfo found in them. One feparable from the
folid parts ; the other, which we called the ef-
fential oil of the plants, is chiefly, what is lodged
ig particular cells of the plant, and collected ro-
gether there in the form of oil, while the plant
i$ growing, juft as the fat of animals is contain-
ed in membranes prepared exprefly for its
reception. Belides thefe parts extracted from
vegetables,” there remains a black coal, which

K3 cal-
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calcined falls toathes; and in the plants, where
principles are found analogous to thofe of ani-
mals, thefe athes are a mere earth; in the
others they contain a Iargr: quantity of a falt,
which remains very fixt in the fire ; whereas the
falt found 1n anmmls? and in the other fpecms
of vegetables, 1s exceeding volatile, | _
This fixt falc is alfo an alkali, as well as the
other, though it be found in plants, which
abound with the acid principle. 'We mention-
ed, that this falt is only producible from fub-
jeéts, whercin are found both acid and inflam-
mable parts.  Sir Ifaac Newton was the firft,
who perceived, that thefe fixt alkali’s were an
earth with an acid ndthIﬂD‘ To the acid in
this falt (as has already bheen obferved) is to be
afcribed its power of uniting with water, and
to the inflammable principic its melting 1n the
fire. Butits union with water is in part ob-
frrufted, while any grofs oilinefs remains in the
falt ; and the more effectually that is driven out
by the fire from any of thele falts, fo much the
more ftrongly does the falt draw moifture o it-
felf. Infomuch that, when an alkaline falt is
calcined very high, it draws the natural bumidi-
ty of the air fo potently, that it is difficult to
keep it dry. However we have found, that
al 1;_ngth the principle, which unites the earthy
part
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part of the falt with water, will be alfo expelled
by the fire. | _

Theoils of all thefe fubjets we have found to
be a union of two fubftances, earth, and water a
little tinctured with the {pirit of the fubjet. We
muft farther obferve, that fo much of the oil, as
is thus divided, has loft its inflammability ; and
we have juft defcribed a procefs, whereby it ap-
pears, that during the diftillation ‘an invifible
fubftance efcapes under the form of an aerial va-
pour.. In this fubftance therefore we muft feek
for the principle, whereby the oil is rendered in-
flammable. Therefore as the coal both of ani-
mal and vegetable fubftances is an earth joined.
to an inflammable principle, fo the oils of thefe
fubjetts are a compofition of earth, and water
tin€tured by the {pirit of the fubjet united with.
the like inflammable principle, |

K 4 LECGC
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H E nature of the principles, into which

bodies are reduced by the [ﬁre, will be
beft underﬁood by the effe@s of two natpral
nperatmns, the fermentanun mmd:nt to vege-
table ] juices, and the putrafar_"’tmn cc}mmﬁn b{}rh
to vegetable and anlmﬂl fubftances.

Fefmentatwn is a chantre, which ripe jyices
are difpofed of themfelvf:s to undergu, where-
by an 1nmx1catmgfp1nt is firft prﬂduced wh;ch
was not before in the p]ant anc} at length thc:
fermentalon ends in wnegar.

This fermentation 15 pmperly an acﬁtu}n be-
tween the acid, and the other parts uf the juices,
principally their oil, whereby the oil is attenu~
ated, and fo united with the acid, as to be dif-
folvible in water: in the mean time it retains the
inflammability proper to oil; nay has increafed
it. Butat length the acid fo far prevails, that
the liquor, now become vinegar, will burn no
longer, but will quench fire,

A certain prnpnrtic}n and union between the
acid and oily parts is requifite to promote this

n&mn of fermentation.
2 A due
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A due mixture of acid and oily parts pros
duces {fweetnefs. _

Sugar will burn, therefore has received fome
oily parts from the juice, whence it is made,
and upon diftillation it yields an acid {pirit.
The like acid fpirit is produced from honey,
which is alfo an inflammable fubftance. This
compofition of acid and oily. parts.is that, which
is moft conducive to fermentation. For this
reafon we fee the fweetelt juices, as that of
grapes, are difpofed, when prefled out in large
quantities, to ferment of themfelves. On. the
other hand unripe, juices, that have a rough au-
ftere tafte, will not eafily ferment. Alfo thofe,
which abound with oil to fuch a degree, as.to
lofe their fweet tafte: in.a flat oilinefs, and thofe
juices, wherein.the tart tafte predominates, fer.
ment but fluggifhly,

Not only. the exprefled juices; but alfo the:
juices drawn from feveral parts of plants byiin-.
fufing them in. water, willalfo ferment, as we:
fee done in barley in the making of beer,

But here the grain is firftito be prepared, that:
the oily and acid parts may be fo united together,
to. promote fermentation. The grain is. firft:
macerated fometime in water, then the water is:
feparated from it, and the grain laid in heaps,

till
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till it begins to grow : after this itis dryed with
a gentle heat, and the grain is found to have ac-
quired a faccharine fweetnefs,

When a vinous liquor is to be made of this
grain, water of a fomewhat lefs heat, than that
wherewith it will boil, is to be poured upon it.
The common teft, I think, for the heat of the
water, s to wait, after it has once boiled, till
the.fteam is grown fmall enough not to hinder
the water from making a fenfible refletion of
the perfon, who locks upon it. When the
grain has ftood infufing fome time, the liquor
1s ftrained off, and, when coocl, mixt with
fome material proper to quicken the fermen-
tation. | '

In the making of wine, that juice ferments
ufually without help; the only operation it un-
dergoes, previous to its fermentation, isin the
rendering the wine red.  There the juice is two
or three times fucceflively infufed upon and
preffed ftrongly from the hufks of the grapes,
which are of the red kind 5 and from thefe hufks
the wine receives its tincture.

- Fermentation proceeds thus. The ferment.’
able liquor being put into a veffel in a place mo-
derately warm, it foon begins to fwell, while
bubbles break from it, and a whitith frothy head
forms itfelf over it.  This head atlength con-

denfes
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denfes and finks, and becomes the lee, the fer-
mentation {till continuing. From this time the
vinous fpirit leflens by diffipation, and the fer-
mentation being kept up terminates in vinegar.
If the liquor, as foon as the white head finks,
bv;:f drawn from it, and put up in a clofe veffel,
the fermentation will be checkt, and the liquor
will remain for a long time in the ftate of wine.
But wine is continuvally changing, though by
flow degrees, till at laft it ends in vinegar.
The genuine part of the wine-cooper’s {kill is
principally to reftrain the progrefs of the fer-
mentation, as long as poflible, but at length no
art can prevent it.

All the time the liquor is in the ftate of wine,
an obfcure fermentation proceeds, whereby it
acquires more fpirit, and continually depofits
lér:s Thefe lees keep up the fermentation, and
when ever it grows too ftrong, the moft effectual
ftep to check it is to draw the wine off from its
lee. _

- The wine, during this ftate, likewife conti-
nually depofits a faline cruft, which adheres to
the fides of the cafk containing it. This faline
matter is called tartar or argal. At length the
wine depofits the moft part of the oil in the
form of a mucilagineous {fediment, and then be-
| comes
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comes vinegar. Thus when wines turn ropy,
we know they are very near being four.

Only the juices of the acid fpecies of plants
ferment, the juices of the alkaline plants pu-
trefy.

It has already been mentioned, what thefe
fermentable juices yield upon dittillation, before
they are fermented, viz. an acid {pirit, oil, and
a black coal, from whence a falt may be ex-
tracted by burning it in the open air, as from
the remains of all the acid family of plants.
When wine is diftilled, the firft thing which
rifes from it, is a very volatile fubtle fluid, of a
very peculiarkind, It will mix freely with wa~
ter, and yet burns like oil, nay with a much
fiercer heat. This fpirit 1s not only exceeding
volatile, when feparated from the wine ; but
alfo rifes from it with lefs heat than, what
would raife any thing from the juice before its
fermentation.

This {pirit rifes mixt with much water, from
which it may gradually be feparated more and
more, by fubfequent diftillations in rall glafles,
and with a very gentle heat': as it i1s more and
more freed from its aqueous parts, it increafes
greatly in volatility.
 (Here explain the manner of taking the proof of

- fpirits.)
This



Lzct.9g; OF CHEMISTRY. 14»

This {pirit being well freed from its watry
part, it burns all away, when once fet on firey
without leaving any remains, behind whatever.,
If it be burnt under a tall veffel, fo contrived as
to collect the wvapour, which rifes from it im
burning, that vapour is found to be mere water..
Hence we learn, that this fpirit is water uniteds
with that fubtile part of the oil, from which oil
receives its inflammability, and which we fthewed:
in the laft lecture to fly from it by repeated di-
ftillations.

Hence we may learn alfo the caufe of what is
obferved in the diftillation of honey and fugar,,
which Mr. Boyle was at a lofs to explain, that
though thefe fubftances are inflammable, yet
they yield fcarce any oil upon diftillation ; fon
as thefe fubftances contain only that portion of
the oily parts, which is- convertible into {pirit,,
fo by diftillation we find, they contain no more.
oil, than what lofes its form-in one diftillation,,
by the diffipation of the fubtile part, to which
its inflammability, and the form of. oil. are
owing.

After all the forementioned fpirit is. diftilled:
off from the wine, the remains yield the fame
principles, as. the juice would hawe done before.
fermentation.

When
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When the liquor approaches towards vinegar,

it yields again lefs inflammable fpiric; info-
much, that when the vinegar is completely
made, it affords none at all ; but upon diftillatien
the firft liquer, that rifes, is an uninflammable
acid {pirit; and by continuing the diitillation,
the more acid does the liquor grow, that comes
off. At length what afcends, becomes oily,
but ftill is acid, as will alfo the remains be.
Thefe remains burnt in the open air yield a
falt of the fame kind as that, which is produci-
ble by burning from all the plants, that yield
acid principles in diftillation.
- If tartar be diftilled, it produces no inflamma-
ble {pirit, but yields altogether the fame fub-
ftances as the acid plants afford; that isa pun-
gent fpirit impregnated with acidity, an oil,
heavier than water, with a very {mall portion
of a light oil and a black coal, which being fet
on fire in the open air yields alfo the foremen-
tioned falt.

By this diftillation of tartar we fee, that
it contains thofe parts of the juices in which
the fermentation has made no change, be-
ing only depofited from time to time from the
other parts of the juice, whereon the fermenta-
tion operates.

Such



-
.

Eecr.gd OF CCHEMISTRY., 143

~ Such a faline fubftance, as this, will feparate
from the juices of plants without their ferment-
ing. It may be produced in the following
manner, After the plant has been bruifed, and
the juice prefled out ; the juice is to be fet by
for fome time to fettle: after which let it be
ftrained, that the liquor may become clear,
and then be evaporated over a gentle fire to the
confiftence of a thinfyrup. Let the juice thus

~ prepared be fet in a veflel in a cool place, and

at length a falt will {fettle about the fides of the
vellel, while a feculency fubfides to the bottom.
An unglazed earthen pan is the fitteft vefiel for
this purpofe, that the falt may be aflited in its
adhefion by the roughnefs of the veficl, The
liquor muft alfo be covered over with clean oil
to keep it from the contact of the air. Other-
wife the juice will not be preferved, but be
changed by fermenting or mouldinefs.

" Thefe faline fubftances are ufually called the
effential falts of the vegetables, whence they are
produced, and tartar is very properly to be

~called one of them.

Tartar diffolves in water with difficulty, and
will not remain diffolved in it, unlefs the water
be almoft of a boiling heat. As foon as the wa-
ter is cold, the tartar almoft intirely quits it
again, the earthy part {ubfiding, while the faline

I part
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part fhoots on the bottom and fides of the vef
fel, and a fmall faline cruft {wims on the top.
This cruft on the top is properly called the
cream of tartar, and the fhootings, the eryftals
though thefe alfo, which, differ nothing from
the other, butin the place, where they are col-
- lected, are generally comprized under the name
of cream of tartar.

In preparing thefe cryftals, the tartar fhould
be boiled in much water.

When the tartar is firft diffolved, the —ater
appears very dirty ; and the cryftals feparate fo
foon, that they do not admit of fo flow a fil-
tring, as would be neceffary to purge the liquor
intirely from this dirt. It ¢an only be ftrained
through a cloth. But when the cryftals are
fhot, as they will not diflolve in cold water;
whézt dirt has paflfed the ftrainér, and remaind
loofe among them, may be wafthed away by the
affulion of cold water.,

Thus may the tartar be freed from its grofs
earth.. But the intire’ purification” requires a'
particular artifice. It is done after the tartar
Has' been feparated from its grofs dirt, as'now
defcribed by boiling it again with a fmall quan-
tity of a certain earth, which will not render the
tartar much more diffolvible in water ; but yet
feparate from it a {ufficient portion of its oily’

and
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and terreftrious parts; from which it receives
its brown hue. '

The diftillation of tartar makes manifeft, why
it diffolves in water wnh fo much daﬂicuity . for
that fhews the tartar nm: to be a ﬁmple {alr, buE
to have a great rcdunddncy of oily and terreftri-
ous parts joined with it

Tartar, and the c}thcr called effential falts;
are {o named, becauﬁ: they are fuppofed to exift
in the juice of the plant, as they appear to us.
But they rather feem to be produced from the
liquor by a new combination of parts; for at
firft the whole of the juice will more ealily dif-
folve in water than thefe falts. | |

After this defcription of the effeéts of fermen-
tation, we may judge in fome meafure, wherein
this remarkable operation of nature confifts.
When this operation has procceded in full vi-
~ gour, we find; the acid has [o far c‘htn,r_rafrr:d it=
felf from the other parts of the juice, as to ma-
nifeft itfelf more confplcuauﬂy, and pure; thanl
it can be obtained by any other means, = But of
all the parts of the plant, the oil is more parti-
cularly affected by this fermentation, It is no
fooner begun, but the quantity of eil is dimi-
nithed, and in its flead an inflammable fpirit
produced, which will mix with water. It appears
therefore, that the inflammable part of the juice;

| ¥ I or

+*
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or its oil, is fo diffolved and united with the acid,
as to be capable of mixing with water. By a
longer action of the acid, when the liquor be-
comes vinegar, the oil is then fo much farther
altered, as tolofe even its infammability.
When the liquor is drawn from its grofs lee,
and clofed up in a cafk, before the fermentation
is finithed, it proceeds then flowly. But how-
ever by the liquor’s gradually depofiting fome
of its earthy and oily parts in the form of tar-
tar and lee, the acid at length will fo far pre-
vail as to carry on the fermentation even in
a clofe veflel, till the liquor becomes very four.
This fermentation (by the wine-coopers com-
monly called fretting) whereby the wine runs to
vinegar, is ufually confidered under the notion
of a fecond fermentation, as if it were an a&ion
of a diftinct nature from the firft; but I appre-
hend, this is no otherwife a fecond fermentation,
than becaufz the firlt part of the fermentation
has been reftrained by art; . fince, if the fermen-
tation was f{ufficiently ftrong at firft, and not in-
terrupted, the liquor, after a time, hears, the
'~ ‘inflammable fpirit is diffipated, and the fermen-
tation ends in vinegar, before it ceafes : nay
fometimes, in very hot weather, the diftillers
find, to their greac lofs, that no art can ftop it
fooner. |
X It
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It is ufual indeed, when it is defired to make
vinegar of wine, to promote the acetous fermen-
tation by art, mixing the wine with its own lees,
with vinegar, or with tartar; or putting the
wine into a cafk, that already has held vinegar,
and other the like means will produce this
effect.

Likewife, when the fermentation at firft
proceeds too {lowly, it may be premoted by art,
Such juices, as ferment but heavily, may be
quickened by adding fuch as have a greater fa-
cility in fermenting.

I'he juice of grapes, hindred from fermenting
by impregnating it with the fmoke of {ulphur,
put to wines, will excite a fermentation in them.
This is made uvfe of by wine-coopers, when they
mix different wines together; for unlefs the
wines after mixing ferment, they will not unite
into one uniform tafte. Other materials are too
often made ufe of for this purpofe, which clog
the wine, and make it difagreeable to the fto-
mach ; but this being a vinous juice is no pre-
judice to the wine. A little of that head, we
obferved to rife upon fermenting liquors, will
gradually promote fermentation, being gene-
rally ufed by the brewers for that end; and it
will do the fame after it is fubfided, and become
lee. Allthe purgative refins will likewile pro-

L2 mote
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mote fermentation. Jalap is moft ufed by the
diftillers, becaufe it gives no tafte to the fpirit.

On the other hand a mixture of acids or al-
kalis, fo as to deftroy that balance between the
acid and the reft of the juice, which is moft
conducive to fermentation, will give a check to
it.  The fpirit diftilled from wine checks fer-
mentation very powerfully, Thefe fpirits are
one pernicious ingredient in all adolterated
wines ; for when heterogeneous materials have
‘been mixt together, which would fall into a
violent fermentation, it is neceflary to add a
large quantity of fpirits to reftrain it.

Why this fpirit is fo powerful a reftrainer of
fermentation, is the refult of the effect it has
upon acid fpirits, The fume of fulphur aéts
-upon the fame principle, and is often ufed for
‘this purpofe.

Upon the whole, we fee, that the laft effe@
‘of fermentation, is for the acid to operate upaen,
and prevail over all the other principles.

The unfermented liquor, called muft, is
{fweet. There the acid is intangled with the oif
fo much, that it can only affet the tongue
‘and palate in the mild and agreeable manner,
‘we call iweetnels, In fermenting it attenuates
‘the oil, by which this {weetnefs is gradually
‘feflened, till at length in vinegar it difclofes

: - 1ts
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its genuine talte, when difentangled from
thofe oily and terreftrious parts, which difguife it.

From the diftillation of vinegar we may
learn, how firmly acids can adhere to other
bodies : for here the acid in diftillation ac-
companies the volatile parts, and afcends with
them, and alfo keeps joined to the more fixt.

(The calcination of tartar.)

Here in vinegar we find the vegetable acid in
its greateft perfection, and produced without
the affiftance of any chemical fire,

Thus by fermentation we fee the fame acid
feparated from vegetables, as by diftilling them.

By putrefaction the volatile {pirit and falt are
fo feparated from the reft of the compound in
animal fubftances, that it may be obtained en-
tire by no greater heat, than what is neceflary to
fublime it. When thofe fubftances are diftilled
freth, a great degree of heat is neceffary to dif-
unite the volatile fpirit and falt from the other
parts, But by putrefaction they are fo difen-
gaged from the reft, that they are feparated,
and brought to view by no greater heat than
what will fublime thefe fubftances, after they
have been extracted from the mixt, Therefore
putrefaction alone has truly produced thefe fub-
ftances out of the compound.

L 3 Thus
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~ Thus we find by the two natural operations of

fermentation and putrefattion the fame fub-
ftances produced out of mixt bodies, as are
expelled from them by the heat of chemical
fires,

Putrefaction will produce thefe volatile {pirits
and falts from plants alfo, even from thofe,
whence the fimple and unaffifted heat of our
fires produced only acid parts. ‘Though it ap-
pears in the diftillation of foot, that heat affifted
by the air, will difpofe thefe fubftances alfo to

afford the like.
The leaves, and fuch fucculent parts of all

plants, if laid and prefﬁ:d clofe togetherin a
heap, when green and in a warm place, foon
begin to putrefy. They firlt grow hot, even
fometimes to the taking fire, and at length turn
into a pappy confiftence, which being diftilled
yiélds a fpirit ftored with volatile falt, to be
drawn from it by reQification ; and when this
rectification has been repeated two or three
times, the {alt appears to be altogether the fame
with that, which comes from animal fubftances.

When the diftillation 1s finifhed, what remains
in the retortis a great deal lefs, than it is, when

the plant is diftilled, before putrefaction. The
volatile fale alfo 1s much more in quantity, than

the
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the fixt falt to be drawn from the plant not pu-
trified would be. ,

From plants thus putrefied there alfo comes
off a black but light oil, refembling that drawn
from animal fubftances. _ S

[n the laft place let it be obferved, that in
this putrefaction all the appearance of the acid
is loft, |

It is alfo very remarkable, that the earthy
part is much diminithed. It feems therefore,
that the earth of the plant is partly turned into
volatile falt. Let us alfo confider, that the
acid of the plant is now loft ; and we fhall fee
here an effet confonant to fir Ifaac Newton’s
opinion of alkaline falts; for where is this acid
retired, but into the other parts of the plant?
In a word as fermentation is an attion arifing in
the juices of plants, whereby the acid difengages
itfelf from the other principles fo far as to unite
more copioufly with the watry part of the
juice, whereby the acid manifefts itfelf more
than before; fo here in putrefation the earthy
parts imbibe the acid fo as torender it invifible,

We fee alfo operating in the fame plant both
the fermentation, which ends in vinegar, and
putrefaction productive of alkaline fubftances.
The inteftine motion ; which arifes in the juice,
where watry and acid parts abound, produces’

e vine-
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yinegar, and in the plant itfelf, where its earthy
parts e_e_eeed, the inteftine motion caufes Putre’-
faltion.
- 1In the next place we learn from hence the
nature of animal digeftion ; for here we may fee,
that the putrefying of vegetables works the like
'ehanﬂres in them, as dlﬂ'eﬂ:mn does, when it
coaverts them into anjmal fubftances : dlge{’t:en
therefenre is, as it were, 3 begun putrefaétion.
For tlus re«,ﬁ:}n, the tub{’canees from which
we rece ive neunfhmenr, are fueh as are dlfpefed
to put;efy ; and thofe I"ubf’canees, which putre-
fy fooneft, fooneft dlgef’c Meats of hard digef-
tion are rendered eafier fo dxﬁe& b;.r keepzng
If they are kept fo long as to be a&ually putrid,
'thej,r are thep indeed beeeme unfit for nourith-
ment, becaufe they are got bayend the ﬁate,
wh]eh the a&un of the I’femaeh and bowels is tn
brmnr them to : e‘acre[’clen in the ftomach is no
more than an advance teward putrefa&mn for
we ﬁnd that veﬂetable diet, wherl in the blood,
does nenr unmediately part with its acid nature,
which is the caufe of that aeldlty, we ehferved
to be in mllle.
: The firm union with the acid and terreftrioug
parts brought about in Puerefa&len and 1n ani-
mal concottion, whereby vegetable {ubftances be-
E:e«me part of an ammal bed}r  is the reafon, why
Iﬂ
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in the oil of putrid vegetables, and in animals
no vifible acid is found, as in the other oils of
vegetables. Here the acid is too ftrictly united
to the earthy parts of the o1l to be expelled from
thence, and manifeft itfelf. In other words it
_now adheres more firmly to the earthy than to
the watry part of the oil.

“In fermentation the a&ion of the acid is to
caft off the groffer terreftrious part from the reft
of thejuice ;-but here the action of the acid is
to unite itfelf more firmly to the earthy parts of
the vegetable, and at the fame time to attenuate
gnd repder more fubtle thofe terreftrious parts,

L'EC=



154 Ay GOURSE Part IL

LB G T Ui R 8 11X

AVING gone through the ufual chemical
H analyfis of animal and vegetable fub-
ftances, the recompofitions of thofe {ubftances,
which have been contrived from them, whereby
very valuable medicines have been introduced,
and the nature and properties of thofe {everal
fubftances. illuftrated deferve next to be con-
fidered.

‘Of the procefles therefore I now propofe par-
ticularly to confider, the firft is the property of
the lixivial falt extracted from the athes of ve-
getables to run into a water by attracting the
moifture of the air.

If a lixivial falt be highly calcined, it will
fcarce be cold, before it becomes damp, begin-
ning to diffolve by the moifture of the air.

But all fuch falts, if hung up ina bag, or laid
upon a glafs, will foon imbibe fo much moifture
from the air as to run off in a liquor. This is
the moft effectual way to have the falt pure from
any earthy part: for thus more earth will be
left behind, than when it is filtred through paper.

This



LEecrdd ‘OF “CHEMISTRY., 54

This property of lixivial falt makes it very
ufeful for retifying fpirit of wine; for if as
much of this falt as amounts to about one third
of the {pirit be added to it, and then the fpirit
be gently diftilled, it will rife much freer from
the phlegm, or watry part, than otherwife it
would do ; the phlegm being held back by the
falt, this falt being diffolvible by the water, but
not by the fpirit.

It muft here be noted, that fome falts are
diffolvible both by water and by this vinous
{pirit ; others by water only, Of this latter kind
1s the fixt alkali, or the lixivial falt here under
confideration, unlefs, perhaps, fome very {ub-
tile and invifible pares of it, by which the fpiric
may be rendered by digeftion with this falt
fomewhat more pungent. If the alkaline falt
by melting has acquired a reddith hue, the
{pirit will receive a fimilar tint from the falt.
But this colour more properly arifes from that,
which coloured the {falt, than from the fale
itfelf.

When this fixt alkaline falt is mixt with any
acid, it [uddenly excites a very vifible fermenta-
tion : amongft the reft with the acid of vege-
tables, which appears leaft intangled with other
fubftances in vinegar, efpecially after the vine-

gar
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gar has been diftilled, and thereby its molt

unctuous parts {eparated. |
If a little of this falt be thrown into vinegar,
whether diftilled or not, numerous bubbles,
with a {mall hifling noife, prefently arife, and
the falt is foon diffolved. Upon throwing in
more, frefh bubbles appear. At length no far-
ther commotion will be excited by cafting in
the falt. And, if the falt be caft in with a care-
ful hand, neither will any fermentation appear
upon adding frefh vinegar, But if heat be ap-
plied, the falc will ftill ferment with an addi-
tional quantity of vinegar. Though, when
about fixteen or twenty times the weight of the
falc has been added of the vinegar, no farther
fermentation will appear, though the vinegar
boil. If this be done with diftilled vinegar,
and the operation profecuted with the following
circumftances a neutral falt neither acid nor al-
kaline will be produced very white, After the
falt 1s fo faturated, that no fermentation follows
upon the affufion of more diftilled vinegar, the
liquor is to be evaporated away, when a falt
will be left foul and black, efpecially if the ope-
ration be performed in an iron veflel. This
falt is to be melted for a little time, which is
done with a very fmall heat. Then, thrown into
2 ' water,



fret.io. OF CHEMISTRY. i3y

water, it immediately diffolves; and depofits
its blacknefs ; the water being evaporated, with
care that no more heart be ufed ac laft, than juft
what is fufficient to dry the falt, the falt will be
left very white; which muft be immediately
put up in a clofe glafs, for fcarce any falt at-
tracts fo powerfully the moifture of the air.

This falt has been called tartarus regeneratus,
thought it differ fufficiently from tartar. In the
prefent Pharmacopceia it is named fal diureticus,
from its medicinal operation,
 This falt is one of thofe, which diffolve both

in watet and fpirit of wine ; and the criterion of
“its perfection is, that it diflolves ineither with-
out depofiting any fediment. When rendered
thus pure, the ftomach bear a greater dofe of it
‘than otherwife.

If, when this falt is laft dried, fo much heat
1s ufed as to caufe it to melt, it will concrete
into a foliated texture. But with fo much heat
it is difficult to preferve its intire folubility,

This preparation is a valuable medicine. And
‘there is an extemporaneous compolition formed
upon the fame principles generally efteemed.
This is the juice of lemons mixt with a fixt al-
kaline falt: it & moft ufual tojoin one part of
the falt with about twelve parts of the juice.

- Fixt
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Fixt alkaline falt added to a folution of tartar
or its cryftals made in boiling water, produces
alfo a kind of fermentation, of which we fhall
-have more examples hereafter,

In the foregoing procefs we fee, the fixt alka-
line falt excite a fermentation with the vegetable
acid, when joined only to water. In this we
find, the fame alkaline falt ferment with the acid
lodged in tartar, and feparate it from the earthy
and oily parts of the tartar, and unite it with it-
felf, thereby compoling a falt diffolviblein cold
water.,

By this we fee, that the fame acid may act
with different degrees of force upon diffe-
rent terreftrious fubftances. - In rtartar the
union between the acid and the terreftrious parts
1s {o great as to render the whole, except fome
grofleft part of its earth, diffolvible in water,
and when the water is not hot enough to retain
the tartar fufpended, the acid of the tartar ftill
retains its adhefion to the other parts of that falt,
fo that almoft the whole feparates from the wa-
ter without any difunion, But here the acid
quits its own earth, to take hold of rthe alka-
line falt, whereby the other parts of the tartar,
which before were fufpended in the water by
the acid, are now in great part precipitated as
earthy fazces,

The
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The affulion of vinegar alfo upon many fub-
ftances wholly indiffolvible in water will raife the
like effervelcence.

By this effervefcence with vinegar and other
acids, thefe fubftances are ufually rankt under
the clafs of alkalis, by a name borrowed from
a plant, which yields this falt plenteoufly. And
under this head are ranged coral, chalk,
oyfter-thells, and all thofe called teftaceous pow-
ders, all which excite this effervefcence with
acids and deftroy their acidity. Buc all thefe
fubftances are diftinguifhed from alkaline falts
by their not diffolving in water.

When diftilled vinegar is poured upon coral
an effervefcence, as has been faid, arifes. If
vinegar is thus gradually poured on, at length
no farther effervefcence will follow; but that
the coral may be fully faturated, the mixture
fhould be fet upon warm fand, and ftirred now
and then, till the heat will raife no effervefcence.
The liquor being afterwards filtred, and fo much
of the coral as the vinegar has diffolved precipi-
tated by a folution of an alkaline falt in water,
the powder, which falls, is no longer diffolvi-
ble in water, and is called the magiftery of coral.
The liquor evaporated to drynefs leaves behind
a {ubftance, that will diffolve in water, and is
called the falt of coral. By this we may fee,

that
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that though coral is itfelf fo much an earth, that
it will not diffolve in water, yet the acid of vines
gar, by uniting with a part of it, will render
that part a true falt. Here therefore we have
an inftance of producing a falt by joining an
acid to a mere earthy [ubftance, wherewith it ig
difpofed to unite.

How much this and other the like experi-
ments conduce to explain the nature of falts, k
purpofe to confider farther bereafter,

< i
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E are now upon the compofitions vfually

made from the fubftances, which our
preceding analyfes have afforded us; and we
have confidered the effeéts of compounding
falts, and faline {pirits. We fhall proceed to
the operation of falts on oils, and inflammable
{pirits, and the action between thefe {ubjetts
themfelves.

Lixivial falts act ftrongly on oils.

Common foaps, both foft and hard, are
made by uniting o1l and rtallow with a folu-
tion of fome lixivial falt in water. But, as
the foap-boilers take into the operation the
affittance of lime, I fhall defer the farther ex-
planation of this, till lime fhall come under
confideration.

The foap of tartar, a preparation firft pro-
duced by a neceflitous quack, though fince
greatly celebrated, is an attempt to unite the
alkaline falt of tartar with oil of turpentine.
What oil can be joined with the falt will foon
be taken. up with the help of a little warm water,
notwithftanding the tedious procefles ufually res

M coms
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commended for this end, attended with cau-
tions, which in reality are no other than endea-
vours to retard the effect. The dire¢t method
is to melt the falt, powder it hot in a warm mor-
tar, and put to it an equal weight of oil of tur-
pentine allo warmed, and while they are rubbed
together, adding about half the weight of hot
water. They will foon unite, though time is
required for the compofition to acquire a due
confitence. This falt is faid to be capable of
imbibing thrice its weight of oil.  But from the
foap of tartar after diftillation and calcination
will be left two-thirds of its weight of a fimple
alkaline {alt ; three-fourths of the other third
being mere water: fo great a part of this
volatile oil employed in the procefs, flies
off again, before the {oap receives its juft con-
fiftence.

The a&ion between fixt alkaline falts and oil
produces likewife another phzznomenon. It has
been formerly obferved, that, when frefh urine
is put to diftillation, a great quantity of phlegm
arifes firft from it: and the volatile fpirit and
falt are not to be raifed without a ftrong heat,
as in the diftillation of hartthorn ; becaufe a
great force of fire is required to difengage the
volatile falt from the oil, to which it adheres
but if a large quantity of ftrong alkaline falt be

| added
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added to the urine, by the ftronger attrattion,
there is, between this falt and the oil, than
there is between the volatile falt and the oil,
the volatile falt 1s difengaged, and permitted to
affume its volatile nature, and rife from the
urine with a gentle heat.

Though fixt alkaline falt will not unite with
{pirit of wine, but imbibe from the {pirit its
watry part, as has before been faid ; yet if the
fpirit be firft very carefully freed from its
phlegm, it may be made to take a reddifh tinc-
ture from this falt. For this purpofe the fale
muft be melted in the fire, till it has acquired a
reddith hue, and be added to the fpirit, while
yet warm, that it contraét not any humidity
from the air,

This procefs is attended with difficulty, the
colour of the falt being probably owing to acci-
dent, as has been above explained ; and feems
to arife from a fmall portion of oily parts, with
which the falt is by chance impregnated. The
practical chemifts therefore ufually mix a little
antimony with the fixt falt, whereby they are
fure of giving a tincture to the fpirit ; but the
college of phyficians have not thought the pres
paration worthy a place in their prefent difpen-
fatory. J

M 2 An-
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- Another kind of compofitions is made by
fpirit of wine, and oleofe fubftances. Pure
{pirit of wine poured upon any effential oil, dif-
folves it; and if it be diftilled off from it, brings
the purelt part over with itfelf. Alfo, when
any plants abounding in effential oil are di-
ftilled with a quantity of fpirit of wine, the
{piric brings over wigh 1, a flrong flavour
of the plant. Proof fpirit is ufually employ-
ed in this operation, and the manner of di-
{illing 1s altogether the {fame, as that made
ufe of in diflilling the fimple water and effen-
tial oil,

T he ufual direction in pharmacopceias for di-
{tilling thefe (piritucus waters, as they are called,
15 to take a fine proof {pirit in the proportion to
the ingredients, which the prefcription appoints,
and to draw off the quantity put into the ftill;
but to prevent the {pirit from contracting an
empyreumatic tincture from the burning of the
1-gredients, when they fhould become dry ; be-
fore the fire 1s kindled under the ftill a quantity
of water is added, which being left at the end of
the diftillation will be fufﬁu:nt to keep the in-
gredients from drying.

This method of drawing off a quantity equal
to that of the proof fpirit ufed, is the moft com-

: ' modious

W
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modious for the apothecary, whofe medicines
muft be all of the fame goodnefs. But the di-
fliller, who can make a diverfity of price to dif-
ferent cuftomers ; when he has drawn off about
two thirds of the {pirit put on, carefully exa-
mines the fpirit afterward as it runs from the
ftill, and as foon as he perceives whar runs begins
to acquire a blueifh, or perhaps a whitifh tint, he
removes, what is already come off, and coliects,
what runs farther, by itfelf. This has not fo
delicate a flavour as the firft, and i1s what they
call the faints, The firft fpirit thus referved by
itfelf 13 ftronger than proof, and is reduced to
the proof ftandard by the addition of pure
water.

Their faints, when they have colleéted a fuf-
ficient quantity of them, are re-diftilled by them-
felves.

Spirit of wine is alfo often ufed to draw
tintures from vegetables. It is particulars
ly applied to extract the refinous parts from
plants. Camphire it diffolves entire, very expe-
ditioufly. _

The refin of jalap is extrated by fpirit of
wine. This is commonly performed by pour-
ing retified {pirit on jalap root.

But this refin may be otherwife obtained.
Pour upon jalap root powdered rectified {pirit of

M 3 wire,
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wine, and with a due hedt draw 2 tincture, and
‘boil the refidue feveral times in water ; after
ftraining, draw off the {pirit from the tincture
till it begins to thicken; infpiffate alfo the
ftrained decoétions; then mix the two extracts,
and with a gentle fire reduce them to the con-
fiftence of a pill.

This preparation has been fo much pre-
ferred by the college of phyficians for medi-
cinal ufes, that they have not given the fore-
defcribed refin a place in their prefent pharmas-
copeeia.

Spirit of wine is alfo ufeful in preparing the
extracts by water only of fuch vegetable fub-
ftances, as abound in refinous parts; for though
many of thefe parts will boil out along with the
reft 3 yet thele, by not uniting freely with the
other parts, will caufe the extraét to crumble,
and not unite into a uniform ténacious con-
filtence as it ought to do. Bur a little fpirit of
wine then added brings the extract immediately
into its due form.

By the power in {pirit of wine diflolving
ois, it is uleful in reétifying volatile fale;
for if a quantity of it be poured on the falt,
and the {falt be fublimed, the oil will unite
with the fpirit, and the falc afcend very pure,

It
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It is the general dodtrine, that fome refinous
bodies are fo refraCtory, that they will not dif-
folve in fpirit of wine, unlefs firft digefted with
a lixivial falt.  Myrrh is a fubjeét ufually pro-
poled, as an inftance of this. But myrrh will
diffolve, as it were, entirely in boiling water,
and a fmall part only will fall out of it, as
it cools, This part unites with fpirit of wine,
If the water be evaporated, a gum is left,
from which {pirit of wine will take no
tinture. Spirit of wine will take a tincture
from myrrh without any feparation of its parts,
being previoufly made by water ; and, as far
as I could difcover by experiment, will receive
as much from myrrh, fimply ufed, as when pre-
pared with a lixivial falt,

Hoftfman teaches, that if camphire be ground
with falt of tartar, {pirit of wine diftilled from
it will partake ftrongly of the flavour and tafte
of the camphire, without fuffering any fepa-
ration upon mixing with water, as happens
in the fimple folution of camphire in that
fpirit. This I have alfo found to be a mif-
take ; and likewife, that there is no fenfible
difference in fpirit of wine diftilled from cam-
phire with or without the falt,

If the higheit rectified {pirit of wine be pour-
ed on an equal quantity of a volatile alkaline

M 4 {pirit
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{pirit perfeétly free from any oil, and fhook to-
gether, they will at once coagulate, efpecially
if the weather be cold. This is called offa alba
and offa Helmontii. But this experiment muft
be omitted, till we come to confider fal ammo-
niac, whence we .fhall produce a volatile al-
kaline fpirit more perfectly free from oilinefs,
than what we can prepare at prefent,
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FTER animal and vegetable fubitances,
A the next to be treated of are thofe,
which are dug out of the ground.
Thefe in general are called foffils. Such of
them, as will melt in the fire, are diftinguifhed
by the name of minerals, that of foffils being
moft ufed to denote the reft. We fhall begin
| with the falts.
The fofiil or mineral falts are nitre or falt-pe-

tre, alum, borax, and vitriol; to which fea-
falt
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falt may be added, a falt of the fame kind being
alfo dug out of the ground, though ufually di-
ftinguithed from that extracted from fea-water
by the name of foffil falt, If any of thefe.are
diffolved in water, and then the water is evapo-
rated to a certain degree, and upon this the wa-
ter be fetina cool place, the falt will precipitate
from the water, and gather together in cryftal-
like bodies of a regular fhape, but which is dif-
ferent in each falt. .

This operation is called the cryftallization
of the falts, and has been already confidered.

The cryftallizing of falts is the fecureft me-
thod of purifying them from all heterogeneities,
By filtring the water, wherein they are diffolved,
all earthy foulnefs is feparated, and if different
falts are diffolved together in the fame quan-
tity of water, they feparate from each other in
flooting.

Thus much in general of thefe falts. To
proceed to particulars, alum, and moft of the
vitriols, if heated, emit a large portion of water:
after this diftilled with a firong fire they . yield
an acid {pirit, which is the fame in either mate-
rial, Sea-falt, and nitre are lefs humid than the
others ; but diftilled yield alfo acid fpirits dif-
fering from that, which is obtainable from the
cther {alts, and alfo from each other. But in

I order
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order to raife the fpirits from thefe two falts
" fome kind of clay, bole, or other equivalent
material, muft be mixt with them: nitre re-
quires three times its own weight, at leaft, of
fuch a clay, and fea-falt much more ; alum
and vitriol require no fuch addition.

If either of the other falts were put to diftil-
lation alone, they would melt, and might at
length be rendered fo fubtle, as to run through
the veflel, which contained them ; but would
never part with their fpirit. 'Why thefe clays
or boles procure the expulfion of thefe fpirits,
fhall be explained prefently.

If borax be put to diftil by itfelf, it {wells
greatly, as alum will do; but during that time
emits nothing. At length that {welling ceafes,
and the falt after difcharging a watry part melts
down into a kind of glafs ; but is ftill diffolvible
inwater. 1f borax be diftilled with a bolar
earth, it fends out a larger quantity of water
impregnated very faintly with an alkaline qua-
lity. But this quality feems only to arife from
the alkaline lixivium ufed in refining it.

Alum has never in practice been diftiled for
its {pirit, becaufe vitriol, which affords the
fame, isa cheaper material. Vitriol is prepared
for diftillation by firlt evaporating its watry part
ih an earthen pan over an open fire. This falt

con=
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‘contains fﬁ'lérge a fhare of water, that with a
fmall degree of heat the water contained in it
will tiquify the vitriol, caufing it at firlt to Aow
like water » but when the humidity ‘is evapo-
rated, the falt beconies dry. Thisoperation is
called the calcination of vitriol. " When the vi-
‘triol is thus dry, it becomes of a greyifth white,
and in the parts neareft the fire, red.  The far-
ther this ‘calcination is  puthed, the fitter it is
rendered for diftilling its {pirit; becaufe it
thould not clod together in the diftilling vefiel,
and there is no danger, that the moderate heat
ufed in calcination thould deprive it of any part

of its acid fpirit. . - |
But how far foever the calcination s con-
tinued, the {pirit afterwards drawn from i1t will
contain a watry part, which muft be feparated
by a'gentle diftillaticn. 'What is thus drawn off
will be acid, as well as that, which remains;
and the rule, by which the diftillation'is regu-
lated, is to continue it, till both the liquors ap-
pear clearly tranfparent, whereas the fpirit after
the firft diftillation, has a blackifh hue. The fpirit
left 1n the retort 1s now faid to be retified, and
to diftinguifh it from' that which is drawn off; is
ufually, though very improperly, called oil of
vitriol, it 1s the heavieft of any fluid, except
quick-
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quickfilver, being not much lefs than twice the
weight of water.

Alum calcined in the fame manner, as vitriol,:
exhales near as great a quantity of water; but
then is reduced to a white friable powder,
which by diftillation affords the fame ({pirit,
as calcined vitriol, and alfo requires the like rec-
tification.

If this water, which evaporates from alum,
be collected by diftillation, towards the latter
end it acquires a fulphureous fmell ; and the
like happens in vitriol alfo.

The friable {fubftance, into which alum cal-
cines has a cauftic quality from the acid fpirit-
ftill remained i1n it, and now undiluted with
water.

But this powder will diffolve in water, and by
cryftallization return to alum again. From cal-
cined vitriol may allo be extratted with water
a falt, whichis not difpofed to thoot; but muft

- be obtained by firft filtring the water from the

vitriol, and then evaporating to drynefs.

To expel the acid from vitriol or alum it is ne-
ceflary to place the veflel containing them over
the fire in an inclofed furnace, that the flame
may encompafs it, beating on the top, as well.
as on the bottom and fides : the fluggifhnefs of
this vapour requires alfo, that the veflel be fo

placed,
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placed, as to give it an exit laterally. The fur-
nace appropriated to this diftillation is called the
reverberatory furnace.

The {pirits of fea-falt, and of nitre rife more
freely, and therefore neither require fo lateral an
exit, nor altogether fo ftrong a fire.

From thefe diftillations it appears, that thefe
falts are compofed of an acid fpirit, and a terref-
trious part. Thefe earths differ no lefs than
the fpirits. However thefe falts are not found in
their refpetive forms, becaufe the acid {piric
of each is more difpofed to join with thofe
earths, than with any other. On the contrary,
the acid of vitriol will faften upon the earth,
either of fea-falt or of nitre, if poured upon ei-
ther of thofe falts, and diffolve the union be-
tween their earths, and the fpirits, to which they
were originally combined.

This affords a method of obtaining the acid
fpirits from fea-falt, and nitre with much
lefs heat, than by the procefs before defcribed
with clay or bole : for when the acid of vi-
triol has been poured on either of thefe falts,
a moderate heat will raife their acid fpirits from
them. Thefe {pirits fly off fo readily upon the
affufion of the fpirit of vitriol, that the opera-
tion ought indifpenfably to be performed under
a chimney, that the rifing fumes may be carried

away
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away from the operator ; thofe from nitre efpe-
cially might otherwife be attended with very fa-
tal effects, {carce any fume being more deftrucs
tive to the refpiratory organs, and the life of ani-
mals, than that from nitre. If in the operation
with fea-falt a portion of water is not added, the
fume 1s {o volatile, as {carce to Be confined in
the diftillation.

In this method of preparing thefe {pirits, the
oil of vitriol joining itfelf with the earthy part of
the falt, forms a new falt, which is found in the
bottom of the retort. That, which is left in
diftilling {pirit of falt, after it has been difiolved
in water and cryftallized, is ufed often as a
gentle purge under the name of Glauber’s fal
mirabile. The cake left after the diftillation of
nitre being likewife diffolved and cryftallized
refembles tartarum vitriolatum, defcribed here-
after and is ufually fold under that name.

The {fame cffeét as the acid of vitriol has on
fea-falt and nitre, the fpirit of nitre alfo will
have on fea-falt of diffolving the union between
its earth and acid fpirit.  For fome purpofes in
metallurgy a compound {pirit made by mixing
the acid {pirits of nitre and of fea-falt together,
is required.  This {pirit has obtained the name
of aqua regia, given it from its power of diffolv-
ing gold, by thofe, who have been pleafed to

ftyle
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ftyle gold the king of metals. But to obtain
this compound, it is not neceflary to prepare
the two fpirits of nitre and of falt{eparately; for
if fea-falt be put in fubftance into {pirit of nitre,
the {pirit diftilled off will bring along with it the
fpirit of the fea-falt, and leave a portion of itfelt
with the earthy part of that falt.

The power in the acid of vitriol here defcribed
makes vitriol itfelf a very commodious inftru-
ment for feparating the acid {pirit from nitre or
fea-falt; for the falts being mixt with it and di-
ftilled, more acid fpirit may be obtained from
the fame quantity of falt, than by mixing them
with boles or clays.

The f{pirit of nitre thus diftilled is ufually
called aqua fortis. A certain quantity of vitriol
is neceffary to expel from the nitre all its fpirit.
The refiners take equal weights for their ftrongeft
aqua fortis, but ufe Dantzic vitriol ; the fpiric
could not be all difengaged from the nitre with-
out a greater quantity of ours; but then by the
redundancy of the watry part in fo large a {fhare
of vitriol, the fpirit would be weakened. But
this may be remedied by calcining a part of the
vitriol 5 though if all the vitriol thould be cal-
cined, the fpiric of the nitre, for want of a due
quantity of water to receive it, would fly off in

an aerial vapour and be loft.
The
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The earths we before propofed for diftilling
thefe fpirits operate in great meafure upon the
fame principles: for thofe are fitteft for the pur-
pofe that partake of the vitriolic acid.

The refiners diftinguifh their ftrongeft aqua
fortis from a weaker fort made by them, by the
name of double aqua fortis, the weaker being
called fingle aqua fortis. This they prepare by
adding to the nitre a greater quantity of vitriol
in the proportion of feven to five, without any
other effect from this increafe than diluting the
Ipirit with a greater quantity of water.

The fingle aqua fortis, converted into aqua
regia by the addition of falr, is ufed by dyers in
the dying of fcarlet. What farther preparation
the {pirit undergoes, before they apply it to that
purpofe, and why they fo prepare it, fhall be
thewn hereafter. At prefent I fhall only take
notice, that the tincture of cochineal in water is of
a dark colour, but by any acid a precipitation
is made, and the colour becomes a fcariet : but
the forementioned {pirit makes it of the brighteft

colour.
(Here the experiment.)

The fpiric of falt, and of nitre prepared with
oil of vitriol, as above defcribed, fmoke incef-
fantly, when expofed to the air. It is remark-
able, that thefe fumes are heavier than the air,

N though
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though they rife fo freely ; for they foon tend
downward. - They are raifed from the {pirit, not
by their natural volatility, but by the air’s im-
bibing them : fo that the air is properly a men-
ftruum to thefe fpirits, and, as it were, diffolves
them, and difperfes them about itfelf, The ac-
tion is between the watry part of the air, and the’
acid of thefe fpirits. Oil' of vitriol is too pon-
derous to fume 5 therefore on the contrary, that
{pirit imbibes. the h'umidil:y of the air fo much,
that if it ftand: any time in an open: veflel, it in~
creafes confiderably in quantity.

As the acid of thefe {pirits unites itfelf with
the watry vapours of the air; fo on the other’
hand, the air fuftains the vapours raifed in it by’
its acid alting on them. The fufpenfion of va- .
pours in the air not having been confidered in
this light, philofophers have been at a great
Jofs to account, how the heat of the fun fhould
fo rarify the water, as to make fome particles of
it lighter than air, which they have always fup-:
pofed neceflary to be done, that the vapours
might be fufpended. Butitisevident, that the
air will even imbibe water without much heat =
a ‘wet cloth in the coldeft night fhort of freezing
will gradually dry. The warmth of the air con--
tributes indeed much to the elevation and fuf-
penfion of vapours, both becaufe water is a vo--

latile
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latile fubftance, and raifed with a {mall heat,
and as heat increafes the acion of all men-
ftruums. But, though heat alone will raife va-
pours from water, without the action of the air
upon them they foon fall again.

When the vapours have diffufed themfelves
high in the air, by the cold of thofe upper re-
gions they are condenfed into vifible clouds. In
winter the coldnefs of the lower air will con-
denfe them, and caufe fogs ; a fog being only a
cloud flying contiguous to the ground. Butin
the warmeft weather the air high above us has
but little heat. The heat, we have here upon
the earth from the fun, is two fold. One is the
degree of heat refulting from our particular
diftance from that globe of heat, as well as of
lighe. The heat we receive from this caufe is
that, which we compare with the like heat other
planets receive from the {fun; andis the fame to
us by night as by day. The other caufe of heat
from the fun is the action of its rays upon the
bodies, they fhine on: and different bedies re-
ceive very different degrees of heat from thence.
Metals, and other the moft denfe bodies, con-
ceive, by lying in the fun, the greateft heat:
but bodies of lefs denfity are lefs heated by the
fame degree of fun-thine, The air, being a

N 2 very
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very rare body, will receive but {mall heat from
the fun’s rays pafling through it. The heat of
the lower air is reflected from the earth. The
oreat heat of the lower air above the upper is
that, which caufes hail. The upper air by its
cold has frozen the vapour into fnow, which in
falling is fo far melted, as to unite together in-.
to a body of ice, which {fnow always does, when
it begins to melt. Hence it is, that hail falls
in warmer weather, than fnow does, and hails
ftones are frequently found with fhow in the
middle. "~

I thall now fay fomething of the method, how
thefe falts are cbtained originally.

Sea-falt i1s got by evaporating the fea-water,
which in warm countries is done by the heat of
the fun. Thus bay-falt 1s made. In hot fum-
mers bay-falt is fometimes made in England.
But in this country we fupply the want of fun
by atual fires, In the falt-works near New-
caftle, where coals are of little coft, they boil
away the water direCtly taken out of the fea.
In other places they fpread the water into fhal-
low fquare receptacles dug in the ground, which
they call pans, where the water in part eva-
porates firft 5 and then they finith the work by
fire.

The
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The fame kind of falt is alfo dug out of the
earth, and is cleanfed from the impurities mixt
with it, by diffolving itin water,

There are alfo {alt {fprings, whofe water boiled
away leaves juft the fame kind of falt. We
have feveral of thefe in England. In thefe the
water 1s much more ftrongly impregnated with
fale than the water of the fea. - In boiling away
thele waters to collect the falt, they free them
from impurities by mixing with them blood or
the whites of eggs. Blood, in particular the fe-
rous part, and the whites of eggs coagulate by
heat: ftirred therefore with the boiling liquor,
while they coagulate, they intangle the impuri-
ties, and rife with them up to the top. Where
{alt is made from fea-water, and the water has
ftood in pans a great length of time to evapo-
rate ; its foulnefs {fubfides, fo that it is not ne-
ceffary to clarify it.

I faid above, that this falt cryftallizes, while
the water is hot. The grains are rendered
larger by thisartifice. Some unétuous or refi-
nous fubftance (fuppofe rofin, or what 1s at pre-
fent particularly in efteem, gum-fanders) mixt
with butter is in a {mall quannty dipt into the
liquor, when it is boiled fo far away, that the
falt would foon be left adry cake, and chen the
fire is checks, that the liquor may juft ceafe

N 3 from
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from boiling. The oily fubftance fpreads itfelf
over the furface of the liquor, and contributes
to feparate an acrid faline fubftance contained
in the liquor, which would obftrué the cryftal-
lization of the falt, It has been lately difcover-
ed, that a very minute quantity of alum will
perform this ftill more effectually. The falt
granualtes at the top of the liquor, and falls to
the bottom. Thisis taken out with ladles, and
laid in troughs perforated, that it may drain.
The lhiquor, that drains from the {alt, contains
another {alt, that will alfo cryftallize, but not
while the liquor is hot. But this liquor being
left open to the air, this falt {feparates out of it,
and concretes into large irregular lumps, which
being diffolved again divides into the fore-
mentioned acrid, faline fubftance, which does
not fhoot into cryftals, but only fubfides, and
another falt, which cryftallizes over it, thofe
two being feparated by a thin cruft of common
falt. This cryftallized falc refembles that con-
tained in the purging-{prings. And this is the
falt, which is every where fold under the name

of Epfom falt, '
All the nitre, which has long been vfed with
us, comes from India, where it is made from
the earth of a foil near the city of Patna abound-
ing with 1t, much after the fame manner, in
which
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which it was formerly made here, and is ftill in
feveral countries in Europe, from earth expofed
long to the air, but kept covered from the
fun and rain, boiling this earth in water to ex-
trat the falt, and filtring the water through
athes to free it from an oilinefs, which comes
along with the falt from the earth.

Alum 1s dug out of particular mines, and is
contained in a ftone, which is firft to be calcined,
then fteept in water, by which the alum is ex-
tralted. A water alfo fometimes iffues from the
{fides of the mine, which yields ?ure alum, by
evaporating with the {un’s heat only. But to
the alum extracted by water from the calcined
ftones, {fo much of the ftony part till adheres,
that it is neceflary to feparate it, that the alum
may cryftallize. This is performed with kelp
and ftale urine. How thefe materials accoms-
plith this, will appear at our next meeting.
Kelp is the afhes of the kali, and often hangs
about oyfter-barrells,

Vitriol is of three kinds, green, blue and
white. They agree in the fame acid. {pirit.
The greenis moft ufed, and this kind is ufually
called copperas. Thefe vitriols differ chiefly in
a {mall portion of metal, which is in them.
/The blue vitriol has copper in it, the white, the

N 4 mineral
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mineral called zink, and the green, iron, of
which indeed they all in fome meafure partake.

The green vitriol 1s made here in England,
and is freer from any other metal, but iron, than
any of the foreign. Itis drawn from ftones
found on the fea fhore in places, where the foft
earch is wafhed by thefea. In fuch places, as
the earth is continually worn away by the furges,
thefe ftones are uncovered. Thefe ftones muft
lie fome years expofed to the fun and rain ; till
at length a liquor runs from them, which is
boiled up with iron. The iron is correded and
confumed with the liquor. The liqum being
boiled away to a proper degree, and fetin cool-
ers, the copperas cryftallizes to the bottom and
fides of the cooler. The iron furnifhes the cop-
peras with fome of its metallic part, but not
with all of it: for copperas may be made from
this liquor without iron, though not fo plenti-
fully 3 and fometimes copperas i1s found to be
fhot from the liquor before boiling, as it lyes
in the fun. | |
~ The liquor is boiled in leaden vefiels ; be-
caufe it will corrode iron and copper.

Thefe ftones contain {ulphur or brimftone in
them, alfo iron. Hereafter we fhall fee, that

common brim{lone contains the fame acid {pirit,
as
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as is produced from vitriol. While thefe ftones
lye in the open air, they undergo a kind of fer-
mentation, whereby the acid {pirit is fet locfe
from the other parts of the fulphur, This {pirit
thus difengaged corrodes the iron, and produces
vitriol.  That this {pirit will convert iron into a
falt refembling vitriol, we fhall fee hereafier.
As the acid {pirit in thefe ftones, is more than
what {uffices for the iron in them, iron added in
the boiling of the liquor increafes the quantity
of the vitriol.

In Saxony near fome of the copper-mines
they find an earth and ftone, which fteept in
boiling water, as foon as dug up, impregnates
the water with copperas, which is obtained only
by boiling away the water, till the mppcras will
fhoot from it.

At the fame place white vitriol is made by
fteeping in cold water a particular kind of lead
ore, which contains zink or fpelter, and boiling
down the water, till the vitriol will thoot from
it. And then the vitriol is farther whitened,
and fome part of its humidity evaporated by
ancther operation upon it, which they call cal-
cining it. This is performed, by putting it in-
to a copper veflel, and with a proper heat melt-
ing the vitriol and boiling it for fome time, after-

wards
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wards it 1s removed into wooden troughs, where
it is ftirred about, till cold.

If thefe ftones abound in copper, blue vitriol
will be produced. Of thefe we have none in
England.

In Germany blue vitriol is prepared by mixing
together two minerals, one of which furnifhes
the vitriolic {pirit, the other being a poor kind
of copper ore. They are beaten to powder, and
wathed from the light earth mixed with them,
then calcined together for fome time, and after-
wards boiled in water.

In fome countries copperas ftones abound
much more with fulphur than ours.. Common
brimftone is frequently melted out of fuch
ftones.

Borax is obtained by cryftallization from a
- mineral called tincal ; after the tincal has been
duely purged from an unctuous part, wherewith
it is charged. This falt alfo fhoots from the
liquor while hot, and beft, if the vefiel be co-
vered.

L EC.
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L8 G T U, R B, X1,

N the mineral falts, I have had under exa-
mination, the acid principle appears in fuller
force, thanit does in vegetable fubjeéts.

Wherein the acid {pirits differ from each
other is difficult to fay. Poffibly they all agree
in one common acid principle, and that their
difference arifes from fome adventitious matter,
to which the acid is joined. Whoever could
prove this, or could certainly thew the contrary,
would make an important difcovery in chemiftry.
In the mean time we may obferve, that there
are but four acid fpirits known in nature ; the
vegetable acid, (which appears in its greateft
purity in vinegar,) the fpirits of nitre, of fea-falt
and of vitriol.

By the diftillations defcribed in the preceding
leCture, it appears of all thefe falts, except bo-
rax, that they are compounded of an acid {pirit,
which is expelled from them, and of an alkaline
earthy part, wherewith the acid was united. By
this union the acid tafte is loft, and another pro-
duced ; infomuch that both the aecid and al-
kaline qualities difappear, and fome third qua-

lity,
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lity, differing from either, refults from their
union,

The experiment may be made thus.. The
acid fpirit is to be poured by degrees on a folu-
tion of fome alkaline falt in water, or on an al-
kaline earth in powder. At the firft affufion a
ftrong effervefence arifes ; and as foon as that
has ceafed, more of the acid is to be poured on,
and the operation repeated from time to time,
till no farther effervefcence is obferved. Careis
to be ufed, that the folution be poured on no
Tonger, than till the liquors juft balance each
other. Then, if this liquor be duly evaporated,
a falt will thoot from it.

When the experiment is made with fpirit of
nitre, and a fixt alkaline falt, the falt obtained
refembles nitre fo much, as fcarce to be diftin-
guifhed from it : it feems to be the very fame
falt.

T he falt thus produced from the {pirit of fea-
falt (hoots into the {ame form, as fea-falt itfelf 5
but has not the fame tafte. Here the falt pro-
duced in part refembles the original falt, whence
the {pirit was drawn, but not fo perfeétly as in
the former cafe. The earthy part therefore of
nitre feems to be the fame, as that of fixt alka-
line-falt, which is a vegetable earth. The earthy

part of fea-falt is fomething different,
When
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When the acid {pirit of alum, and that called
oil of vitriol, is poured in like manner on a fixg
alkaline falt, the falt produced differs yet more
from the original falt, whence the acid was ex-
tra&ted. This is moft commonly made with oil
of vitriol and falt of tartar, and is called tartarum,
vitriolatum, |

( Here mix ol. vitriol. with fal tartar. for tart.

vilriolat.)

If thefe experiments are made with a volatile
alkali inftead of a fixt, a faline bedy in fome de-
gree volatile is produced.

If fpirit of falt be poured gradually upon any
animal volatile {pirit, as upon {pirit of hart{-
horn, of urine or the like, it produces a falt like
that called fal ammoniac, {o named from the
templeof Jupiter Ammon, or at leaft from the
fands of the neighbouring defart, being conceiva
ed to have been originally produced from the
urine of the camels pafling through that defart
by its mixing with a faline foil. It is at prefent
made in Egypt, but by what procefs has not yet
been perfectly known to us. |

If chis falt be put in a low glafs veffel with a
wide mouth or in a retort, and fetin fand, by a
firong degree of fire gradually raifed upon it,
the falt will wholly fublime, except a few earthy
dregs left at the bottom,

Though
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Though this is an operation of little value,
for the falt is better purified by folution in water.
Yet if a portion of a fixt alkaline falt be added
to it, it will rife very white, otherwife not.

But by mixing the alkaline falt in a due pro-
portion, the fal ammorniac may be decompound-
ed, and the principles of which it confifts made
very manifeft; for the alkaline falt will draw to
itfelf and retain an acid fimilar to that of fea falt,
and difengage a volatile alkaline falt perfeétly
refembling that obtained from animaifubftances,
which by this means will afcend alore. If wa-
ter be added to the mixture it comes over in the
form of a fpirit, and is called the fpirit of fal
ammoniac. .

What remains at the bottom is no other than
the fpirit of fea-falt joined with the fixt falt made
ufe of.

The volatile falt from fal ammoniac is freer
from oil than any, we have hitherto produced
from other fubftances. It may be impregnated
with the flavour of vegetable oils in this manner.
Put any aromatics of an agreeable odour into
fpirit of wine together with fome fal ammoniac,
and a quantity of fixt alkaline falt : then diftil
the whole in a gentle heat. The fixt alkali fe-
parates from the fal ammoniac its volatile falt,
while the fpirit of wine extracls the odoriferous

oils
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oils from the other ingredients. Thus the fpirit
comes over impregnated with thofe oils and vo-
latile falc united. This preparation is called
ipiricus falis volatilis oleofi. And may be more
compendioufly made by diftilling fpiritus falis
ammoniaci dulcis from aromatic eflfential oils. +

The acid {pirits of all the falts, except nitre,
have a ftronger teridency to unite with the alka-
line falts, than with their own, or any other
earth, The vegetable acid in tartar ferments
with an alkaline falt, and depofits its own earth.
A folution of an alkaline falt poured on a folu-
tion of fea-falt, alum, or vitriol makes a preci-
pitation from them.

In nitre, if pure, the experiment does not
fucceed, whofe earthy part is the fame with that
of the fixt alkaline falt, as appears both by the
experiment above defcribed of regenerating nitre
from its {pirit, and a fixt alkaline falt, and alfo
from the produétion of a fixt alkaline falt from
nitre by a procefs prefently to be defcribed of
burning out its acid {pirit,

Though either of the alkaline falts produce
the effects now mentioned, yet there i1s a diffe-
rence in their aéting on thefe {pirits ; for the
{pirits have a ftronger tendency to unite with the
fixt alkali, than with the volatile,

Upon
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Upon this principle it is, that the volatile falt is
recovered again out of the fal ammoniac by the
help of a fixt alkaline falt.

The power in alkalis now mentioned to make
a precipitation from alum is the reafon, why
they are ufed in the manufacturing that fale.
Without their help the alum would contain too
much of this ftony part, which they precipitate.

This property of alum has made it ufeful for
preparing feveral pigments.

Mz, Boyle has in good meafure deferibed the
method. And Antonio Neri, in his art of mak-
ing glafs, is ftill more particular in his account of
them. He calls thefe pigments lacs.

A lixivium or lie of moderate ftrength being
made with a fixt falt (if you pleafe its force may
be increafed with a little lime.) With this lixi-
vium is to be extracted in a gentle heat the tinc-
ture of any flowers, woods, or the like, whofe
colours will not be fpoiled by the fixtfalc. This
tincture being ftrained off, isto be fet over a fire
and boiled, and as much alum thrown into it,
as it will diffolve. Straightway the ftony part
of the alum, precipitated by the fixt fale, will
feparate from the liquor, tinged with the colour
of the tintture. ,

The Pruffian blue, a celour in great reputa-
tion, is made after the like manner, though the
pro-
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procefs is a little more complex. It is this.
They firft mix a quantity of blood dried with an
equal weight of fixt falt, and calcine them to-
gether in a covered crucible. The heat at firft
fhould be gentle, afterwards raifed. The mat-
ter during the calcination flames and glows.
The higher the calcination is carried, the deeper
will the colour be. When the calcination is
finithed, they break the matter in a mortar, and
boil it fome time in water : one pint of water is
enough for each ounce of the blood ufed. Then
for each ourice of blood one quarter of an ounce
of Englifh vitriol calcined, till it is white, and
half an ounce of alum, or more, are to be dif-
lolved together in the fame quantity of boiling
‘water, the two liquors are to be filtred, then
mixt together boiling hot. Immediately enfues
a great ebullition and green colour. 'The mix-
ture is poured from one vefiel to another as long
as the ebullition continues. After this, being
ftrained through a cloth, a pigment 1s lf:ft
behind.

When this is well wathed to free it from the
loofe falts, it becomes of a beautiful blue co-
lour ; or if it prove lefs perfe&, a little {pirit of
falt readily corrects the defect.

Upon the fame principles alum is ufeful in
dying. All the dyers of woollen, except thofe

Q who
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who dye in fcarlet, boil their cloth with alum,
before they put them into the tinged liquor,
that is to give it its colour; and with all their
colours, except cochineal, they mix either fome
fixt falt, as pearl-afhes or pot-athes, or elfe putrid
urine. Thefe alkalis extract the acid of the
alum adhering to the cloth, leaving the ftony
part, which I have already fhewn, that thole
{ubftances extract from alum; and this ftony part
of the alum, is a body proper to receive the
dye. In order to fix this ftony part of the alum
firmly to thecloth, they find it ufeful to add
tartar to the alum. They boil their cloth be«
fore dying in water, wherein both alum and
tartar are together diffolved after the rate of a-
bout thirty pounds of tartar to eighty of alum.

I mentioned jult now, that nitre might be
converted into an alkaline falt, by burning out
its acid fpirit; this may be performed after the
following manner,

If nitre be melted in a crucible and pieces of
charcoal thrown upon it, it will flath and blaze
out vehemently. This operation may be re-
-peated fo long, till no farther flafhing will follow
the throwing in of the coals., Then what re-
.mainsof the nitre, is a fixt falt, and may be'fel-
parated from the afhes of the coal by i’ceepmn*
‘them in water, and proceedmg according to the

1 method



Lect. 133 OF CHEMISTRY., 195

method before taught for extrafting the fixt falt
from vegerable afhes

This procefs i1s called the detonation of nitre.

The like denotation happens, though not fo
vehement, when nitre and tartar are mixt toge-
ther in equal portions, and thrown gradually
into a red-hot crucible. And by this means a
ftrong alkaline falt is inftantly produced.

Nitre expofed alone to the greateft heat will
never take fire; but melt like other falts. But
if added to any inflammable fubftarices, it very
highly 1inereafes their inflammability : for this
fulmination fucceeds, whatever inflammable
fubftance is thrown upon the nitre,

The {pirit of nitre, drawn as before defcribed
‘with oil of vitriol, will burft out into a flame,
when poured on half its quantity of any oil very
free from acidity ; fuch as the ponderous oils of
the eaftern fpices, and animal oils.

It alfo appears farther, that the concurrence of
an inflammable fubftance is neceffary toward the
production of fixt alkaline falt; for when the
acid of the nitre is expelled by fimple diftilla-
tion, the earthy part only of the nitre is left;
but here a part of tke acid feems to be retained,
“and fo united with a portion of the fulphur of
the coals, that it cannot be feparated from the
{alt in any other form, than that of an aerial va-

Q 2 pour,
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pour.  And this effect is produced by diftilling
any fixt alkaline falc mixt with thrice its weight
of bone-afhes or the like fimple earth. We
fhall hereafter fee other methods of producing
air from a union of acid and fulphur.

The experiment fucceeds beft, when the dtihl-
lation is finifhed with a moderate fire.

This is a very inftrutive experiment. In the
firft place it [hews, to what part of the nitre we
-muft afcribe its power of increafing the inflam-
mability of bodies. In the next place this ex-
periment fhews us, to what principles the phof-
phori owe their {udden inflammability, The
phofphorus from urine diffolves in the air into
an acid liquor; therefore is compounded of an
acid and inflammable {ubftance united together.
The phofphorus with alum to be defcribed at
our next meeting, has the acid fpirit of thealum
joined to an inflammable fubftance.

We may alfo learn from hence, on what prin-
ciples the air procures the inflammability of
bodies. That the air contains in it an acid, its.
effect on metals makes manifeft, as we fhall fee
hereafter 3 nay that the acid of the air nearer
refembles that of nitre, than any other known
to us. And by this experiment it appears pro-
bable, that inflammable bodies are fet on fire,
by the acid of the air aéting on the inflammable

{ub-
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fubftance in the body. As a certain degree of
heat is required to excite this ation, fo, where
the body already contains a large portion of an
acid fpirit, that fpirit, when the body is heated,
aflifts the air in its operation ; fo that a lefs heat
is neceflary to fire thofe bodies than others.
Hence it is that not only the phofphori take fire
fooner than other bodies; but common brim-
ftone (which we fhall find hereafter to be com-
pounded of an inflammable unétuous fubftance
and an acid {pirit) catches fire with lefs heat than
fimple oil.

The reafon, why our experiment fcarce fuc-
ceeds with oils, that have any acidity in them,
is this.  The oils are cold, wherewith the expe-
riment is made, therefore the acidity within
them is not put in action to contribute any thing
toward their heat. And the ation between the
acid fpirit poured on, and the oil is much ftrong-
er, where the oil 1s wholly deftitute of acidity,
than in oils, that have already fome portion of
acid ; juft as we fee in the faline liquors, which
ferment, the fermentation is ftronger upon the
firt affufion than afterwards. Common brim-
{tone being at full impregnated with acid, will
not be alted on at all either by the acid of nitre

er any other.
O 3 But
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But by the affufion of every acid {pirit upon
any oil, a degree of heat will be produced,
though it be not great enough to fet the oil on
fire.  The forementioned fpirit of nitre will fet
even oil of turpentine on fire, if its aion be
affifted by making the oil firft a little warm.

- The acid {pirits will alfo excite a great heat
and fermentation with {pirit of wine. Mixing
thus thefe acid {pirits with the vinous one i1s
called dulcifying them. The {pirits of falt and
of nitre are commonly thus dulicified, that they
may betaken fafely into the fomach,as medicines,

After they are mixt, it is ufual to diftil them 4
by this means the acid {pirits .are certain to be
impregnated with their due quantity of the vi-
nous [pirit.

When oil of vitriol is mixt with fpirit of wine,
the mixture upon diftillation, parts into different
liquors, though not nto thofe whereof it is com-
pounded. Mr. Boyle delcribes this procefs at
large. The firft liquor, that afcends with a very
gentle heat, is a light {pirit more infammable, if
poflible, than {pirit of wine itfelf, and differs
from fpirit of wine in its fmell. Moreover, if
this procefs 1s conduéted with proper circum-
ftances, the liquor produced, though by its
great levity and vo]ati]ity it retains the name of
fpirit, is in reality an oil ; for it will not unite

with



Licr iz OE LEHEMISTRY, 149

with water, and is the fpiritus vini atherius in-
troduced among us under this name by a Ger-
man chemift, Frobenius. This inflammable {pirit
is followed by others. At laft a black pitchy
fubftance, but taftelefs, and not inflammable, is
lefr behind.

This property in vinous fpirits, of mixing
with and dulcifying acid ones, is that, which
gives them the power, we formerly mentioned,
of checking fermentation in vinous liquors.
Dulcified fpirit of nitre will not ferment with lixi-
vial falts.

The acid {pirits in fome meafure coagulate all
oils, they are mixt with. The f{pirit of nitre
will not incorporate wholly with olive oil ; but
though the oil remains on the top of it, it will
receive fuch an alteration from the fpirit, as to
become of the confiftence of butter. Oil of vi-
triol mixt with effential oils unites with them in-
to the folid confiftence of a pill.

From this effeét of acids on oleaginous fub-
ftances, we may form a probable conjecture
concerning the caufe of that furprizing property
of the ferum of the blood, and of the white of
eggs, peculiar to the animal juices, that of be-
-ing coagulated in its whole fubftance by a fmall
heat : for the ftrong acids have the fame effect
upon them without any heat, and alkaline fpirits

O 4 ob»
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obftruct this effe of heat, as Mr. Boyle has
difcovered. It is therefore reafonable to {up-
pofe the blood charged with {o much of an acid
principle as will produce, by the means of heat
to augment the power of the acid, this effect.
Probably the greater confiftence of the fat of ani-
mals above that of the oils of vegetables i1s ow-
ing to the like coagulating principle.

Camphire is liquified by fpirit of nitre. Oil
of vitriol diffolves it wholly, ‘and holds it down
fo perfectly, that no {mell can be perceived.
Water poured into it raifes the camphire, and
then it exhibits its ufual {mell.

Here we conclude our examination of falts,
Mineral {ulphurs are next to be confidered.

LEC-
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EAB-@ AT R o XEVY

FTER thg f{alts, we proceed in the next
place to confider fulphurs; the right un-
derftanding of which is very neceffary in the
treatment of metals; metallic ores being gene-
rally a compofition of the metallic part, and a
{ulphur united with it; and the art of refining
confifts very much in diffolving the {ulphureous
part, {o that it may feparate from the other.

The nature of thefe fulphurs will be under-
ftood, by what we are going to exhibit on
brimftone, the moft common of them.

There are two {pecies, under which may be
ranked the fubftances generally attending me-
tallic ores. They are alfo found where no me-
tal is near, Thefe two are fpars, and what in
feveral parts of England are called mundicks.
Spars are cryftalline bodies, formed in angular
fhapes, as falts fhoot. Mundicks are fulphu-
reous fubftances, by the Greeks called pyrites,
and by the Arabians marcafites, Their gene-
ral character is to have a {ulphureous {fmell and
to ftrike fire with iron or fteel.

Thefe all contain a confiderable quantity of
fulphur, that may be obtained from them by

2 {fublimation.
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fublimation. Some fo abound with brimftone,
that it melts out with a fmall heat. This is one
way common brimftone is made. : |
It is a compound body confifting of an in-
flammable part, an acid fpirit, like that drawn
from alum and vitriol, and ag earth charged
with an inconfiderable portion of metal. But
the acid fpirit is not to be feparated from it, as
from falts, by diftillation ; for thus treated it
fublimes into flowers, and by this {fublimation is
purified. To feparate the acid {pirit, the ordi-
nary method has been to fet the brimftone -on
fire under a glafs of a proper form to receive
the fume: for by this means, while the inflam-
mable part is confumed by burning, the acid
{pirit uniting with the moifture of the air con-
denfes upon the glafs; and trickles down by the
fides of it into a large difh placed to receive i,
the earthy part being left after the {ulphur will
burn no longer. :
This glafs ufed to be formed in the fhape of
a bell; but, whereas the rim of a bell turns
“outward, it has been found moft convenient to
turn the rim of this glafs rather inward, and
alfo to draw the top of the bell out into a long
ftem left open to give paflage for the fmoke,
which otherwife muft come out from under the
‘bell, and be very offenfive to the operator.
' However
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However this glafs, though altered a little in
its form, goes ftill by the name of the fulphur
bell, and the {pirit thus made is called {piritus
{ulphuris per campanam. |

Water impregnated with the fume of ful.
phur, has been ufually called gas fulphuris, but
in the prefent pharmacopeeia aqua fulphurata,
this water receives that part of the fulphur, to
which its inflammability is owing, accompanied
with a fmall fhare of acidity. The power of
{ulphur, in reftraining the fermentation of vinous
liquors, which have been fumigated with it
feems chiefly owing to this inflammable part;
for {pirit of wine, as we have obferved before, is
indued with the fame power.

The inflammability of {ulphur has given oc-
cafion to chemifts, in their philofophy to call
the inflammable part of all {fubftances their {ul-
phur. The charatter of foffile fulphur is to
melt with heat, though in the cold it be hard
and brittle, foon to take fire, and burn with a
flame, and to be indiflolvible in water or in any
acid fpirit.  The fubftances found in the earth,
which agree with this defcription in all but
being hard in the cold, are called bitumina,

In moft of the {ubjeéts we have hitherto exa-
mined, we have made ufe of the fimple applica-
tion of heat to decompound them. In fome

few
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few inftances that method has proved inef-
fetual. The coal refulting from the diflilla-
tion either of animal or vegetable fubftances,
could not be deprived of the principle, to which
it owes its blacknefs, and its power of burning,
by mere heat. Sal Ammoniac, another com-
pound fubftance, will not divide by heat alone,
but the whole fublimes together. The like
happens to fulphur,. which, heated in a clofe
veflel, fublimes intire, and this operation 1s ufu-
ally practifed upon fulphur to purify it.  Sul-
phur thus fublimed 1s called the flowers of {ul-
phur.  For fale it is thus fublimed. The ful-
phur is thrown into iron pots fet in a furnace
and heated. The pots have a moveable cover,
which is taken off to throw in the fulphur, and
prefently ftopt down again. An iron pipe
opens from each pot near the top, into a room
big enough for a man to enter. Into this room
the fulphur flies out of the pots upon its {ubli-
ming, and fettles upon the floor, and fides of
the room.  'When the operation is finithed, the
flowers of the {ulphur are {wept together with a
broom. :

Several preparations are made with fulphur
by diffolving it with proper menftroums,  Nei-
ther water nor any acid {pirit will operate upon
it. But oils and the fixt alkaline {alt of vegeta-

bles
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bles do diflolve it. Flowers of f{fulphur boiled
with four times as much oil in an open vefiel,
will unite by the evaporation of the watry part
of the oil into a uniform fubftance of.a confift-
ence, whence it receives the name of balfamum
fulphuris.  This 1s moft -ufually prepared ei-
ther with oil olive, oil.of turpentine, or oil of
anifeeds. ;

Fixt alkaline falt melted with fulphur makes
it diffolvible in water. Sulphur thus melted
with a fixt alkali is called hepar {fulphuris.
Sulphur may alfo be diffolved in water by boil-
ing it in a folution of a fixt alkaline falt; for
thus the alkaline falc will diffolve the fulphur,
and give a tinGture to the water therewith. Up-
on this tincture if any acid {pirit be poured, it
prefently becomes turbid, and a powder fub-
fides ; which after frequent wathing by ftir-
ring it with a large quantity of water, and as
foon as it fublides, pouring the water from it,
is called lac f{ulphuris, and ‘magifterium ful-
phuris. -~ Melted 1t turns yellows, and reaf-
fumes the ordinary appearance of brimftone,
This procefs is alfo performed with lime, as we
fhall fhew at our next meeting, and is the only
method, in which the preparation is, in the way
of bufinefs, made,

Sulphur
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Sulphur thrown upon nitre in fufion inflames
violently with the nitre, and caufes an explo-
fion. If this be done only, till the nitre flows
clear like water; the nitre then poured out is
called fal prunellz. If as much fulphur as ni-
tre be ufed, the refult is, what is called fal po-
lycreftus, a medicine much celebrated by wri-
ters, but at prefent fcarce in ufe here. It differs
not effentially from tartarum vitriolatum, the
-acid of the fulphur having difpoffefled the acid
of the nitre from its earth, and taken place in
its room. In fal pruneliz the alteration, the

nitre undergoes, is fo fmall, that with us it is

little regarded, there being no manifeft reafon
for preferring it to nitre purlﬁcd by cr}r{talllzaﬂ
tion only,

This fudden fulmination of nitre with brim-
"Ttone 1s the principle, upon which the aion of
gun-powder is founded. That powder is only
a mixture of nitre, and brimftone with chatr-
coal duft. The ufe of the charcoal is to fet the
' mmpoﬁtmn fuddenly on fire.

There 1s a great difference in authors with
regard to the proportion of the ingredients,
" fome advife to take equal parts of charceal and
brimftone ; others dire® twice as much of the
coal. They differ alfo in the quantity of nitre.

The



Licr. 14, OF CHEMISTRY. 20y
The powder is much imptoved by well mixing
the materials. This is of more confequence
than an exatt obfervance of the proportions.
The powder made here in England, for the go-
vernment, is compofed of 75 pounds of nitre
with 15 of charcoal and yo of brim{tone. For
the ufe of merchants the powder has lefs nitre
and more charcoal. The corning it is alfo an
advantage towards its fudden taking fire. This
requires a double fieve. ‘The holes of the up-
permoft being as large, as the corns are intended
to be, the under fmaller. The powder, fo
moift as to form a kind of palte, béing put into
the upper fieve with a piece of wood, that may
break it to pieces, while the fieve wotks, The
under fieve lets the duft fall away, but retains
the corns. In praétice a treble fieve is generally
ufed with holes gradually fmaller. “Fhe corns
ftopt at the fecond fieve are ufed in great guns,
and therefore called cannon-powder ; the fmaller
corns ftopt by the third fieve make the piftol-
. powder ufed in all {mall guns. The workmen
have a contrivance to make the corns of gun-
powder look fhining, which they call glazing it.
This is done by fhaking the powder ina barrel,
that has held black lead. g

" There is another mixture called pulvis fulmi-
nans, made by putting a fixt alkaline falt to the
: nitre
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nitre and brimftone inftead of charcoal, which
explodes perhaps with more force than gun-pow-
der itfelf; but this will not fuddenly fire. It

muft be gradually heated over ceals.
The proportions for this mixture are three

parts of nitre, two parts of the alkaline falt,
and one of brimftone,

The fudden accenfion of gunpowder is owing
to the power, we have before remarked to be in
nitre of increafing the inflammability of com-
buftible fubftances. And the vehement explo-
fion arifes from the large quantity of air, into
which great part of the gun-powder is converted
upon its accenfion. This has been found to be
. the cafe by firing gun-powderin a clofe veflel;
for here a great quantity of air is feen to be at
once produced. :

The inflaming power of nitre is the caufe,
that gun-powder is the only combuftible {ub-
ftance, that has yet been experimented upon,
which will fire in a vacoum. Even the phof-
phorus of urine, which in the open air takes
fire with fo very little heat, and burns fo fierce-
ly, as we have feen, cannot be enkindled in a
vacuum. But the nitre in gunpowder fupplies
in fome meafure the place of air.

However the prefence of the air 1s fo far ne«
ceflary to the fudden accenfion peculiar to gun«

powder,
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powder, that if it be not formed into corns, ot
if in duft lie loofe, whereby the air may be plen-
tifully diffufed through it, but being reduced
to fine duft, be rammed down clofe; it then will
not explode at once, but burn upon its furface
only. :

For this reafon in all fireworks, where the
powder is to burn gradually, it is beat into duft.

This power in nitre to promote the inflamma-
bility of other fubftances; makes it a neceflary
ingredient in all Areworks, in thofe, where no
explofion is defired, as well as in thofe, wherein
an explofion 1s made.

The principal of artificial fireworks made for
diverfion are rockets. Upon thele the con-
ftru&tion of moft of the reft depends. And as
the effets of rockets depend upon the fubjeét
now before us, it may not; perhaps, be amifs
to defcribe briefly their ftructure. :

A rocket is a hollow cylinder ufually madée
of paper, of a thicknefs equal to about one-fixth
of its diameter within, and flI’d with gunpow-
der or fome like compofition. If a rocket be
made of great bignefs, intended for a fignal in
war cor {uch like ufe, its cafe may be made of a
more folid material.

Near one end the cafe of the rocket is drawn

in, till its diameter be reduced to one-half of
P the
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the whole internal diameter. This place is ufu-
ally called the choke. The moit approved
length of the cafle from the choke is about fix
times its internal diameter, to be filled with
gunpowder ; if the rocket be fmall, beat into
fine duft, and rammed in with as even ftrokes as
‘can be, that the powder be uniformly com-
prefied.  In great rockets the charge is ufually
a little weakened by adding to the gun-powder
a {mall portion of charcoal and of {fulphur.

To the end of the rocket is added a cylindri-
cal caviry not above half the length of the rock-
et from its choke in height, and of fuch a dia-
meter, that, together with the materials put in-
to it, it may not exeeed the weight of the reft
of the rocket. Thefe materials, befides fome
corn-powdcer to burft the cafe, confift of fome
compofition, that may give the appearance of
ftars, a thower of fire, or the like:

Thefe fiery thowers may be made of faw-duft
boiled in water ftrongly impregnated with nitre,
and while wet rolled among gunpowder in duft;
or by gunpowder mixt with melted brimftone;,
and when cold grofly beaten.

Thefe ftars are a mixture of gunpowder, ni-
tre, fulphur, antimony, camphire, and the like
combuftible materials moiftened with a folution
of fome gum, thereby to form pellets of a con-

venient
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venient fize. Thefe pellets are to be covered
over with thread well foak’d in a ftrong folution
of nitre and while wet roll’d in gunpowder. To
charge the rocket with larger balls, any of the
forefaid ingredients (whereof nitre in a fufficient
quantity muft always be one) may be mixc with
turpentine, melted pitch or rofin; and tow fteept
in it.  This way larger balls may be formed,
which fhould be covered over with thread pre~
pared as juft now deferibed.

It is necefizry for giving the recket a fuffis
cient degree of motion, that the powder within
the rocket be bored wich a tapering cavity from
the choke. At the choke this cavity muft be
as wide as the choke itfelf; at the farther end it
need not be more than one-half of that width.
The length of this bore muft be but one inner
diameter of the rocket thort of the whole heighr,
to which the rocket is rammed. The ufe of
this bore is to increafe the furface, that takes
fire at once; that a greater body of fire may
iffue out of the mouth of the rocket. For from
the vehemence, with which the fire iffues out,
the rocket receives its motion, Rockets are uf-
ed in all fire-works, that have motion, except
fuch as are thrown into the air after the manner of
bombs. When the rocket is defigned to moung
upwards, a ftick eight or nine times the length

Pa of
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of the rocket is tyed to it, fufficient to poize

the rocket at an inch or two from its mouth.
Nitre furnifhes other compofitions ufeful in

war befides gun-powder, upon the {ame princi-

ples.
If nitre be mixt with pitch, rofin, turpentine,

fulphur and fuch combultible materials, and tow
be fteept in ity fire-balls formed of this tow
will ferve to illuminate any place defired. If
the tow be gradually wound into a ball, and
from time to time firft dipt in this mixture,
and then roll'd in gun-powder, the ball will
burn yet fiercer, and fuch a ball will hot only
be ufefulin giving light, but therewith an ene-
my may be annoyed, in particular any edifice
may be fired with it.

Bombs and grenados, which are only iron
thells filled with gun-powder, are to be light, be-
fore they are delivered ; but the powder muft
not take fire, till cthey arrive at the place defign-
ed. For this reafon a hollow piece of wood re-
fembling in Thape the fofiet of a tap is drove
into them, and the hollow of this wood is fill’d
with a combuftible material, that will burn
flowly. - This is ufually made of pulverized
gun-powder with an additional quantity of fome
of the other ingredients, to alter the proportion

they



Licr.14. OF CHEMISTRY. 213

they have in the gun-powder, This matter is
rammed hard into the cavity.

It is from the analyfis of fulphur, that we
muft learn the caufe of the.great combulftibi-
ity of the phofphori. The phofphorus from
urine [ have before obferved to contain, befides
its inflammable part, an acid fpirit: That in-
vented by the late famous Homberg is a union
of the acid {pirit contained in alum with an in-
flammable part from animals or vegetables,

This phofphorus thus compounded of alum,
and fome animal or vegetable fubftance, takes
fire the moft readily of any thing yet known:
for being thrown out of the bottle, which con-
tains i¢, into the open air, it fires immediately
and burns, what it lies upon, without any afift-
ance by rubbing, or by any warmth applied.

No mineral fubftance mixt with allum will
make this phofphorus, nor any [alc but allum.

The -moft ready “method of preparing this
phofphorus is to put the alum mixt with the
other material into a crucible, and heat the
mixture gradually, till it grows red hot and
burns with a {mall blue flame; breaking the
mixture from time to time during the ope-
ration, that it may not concrete into one mafs :
then it muft be taken immediately out or the
crucible, and put into a vial made hot enough

E-3 not
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not to be broke by the heat of the matter put
1nto It, _
~ Arfenic is ufually confidered by the chemifts
along with fulphurs. But improperly. 1 fhall
confider it among the imperfeét metals, Orpi-
ment, frequently confounded by writers with 3
factitious fubftance called yellow arfenic, is a
mineral properly to be called fulphureous.

But to conclude let me farther fay {omething
of that ambiguous [ubftance amber, which has
at length been difcovered to be a fofiil.

It was indeed moft ufually found floating on
the fea. But it has lately been dug out of the
earth in Pruflia: where in digging they found
firlt a ftratum, which had the appearance of old
wood, and was combuftible ; immediately under
this was a layer of copperas ftones. Thefe lay
upon a bed of fand, out of which they got
pieces of amber in great plenty.,

In diftillation it yields an acid {pirit, a finer
and a groffer oil ; alfo a volatile falt in a folid
form. This falt is not an alkali; but centainsg
an acid {pirit fo loofely adhering to its earth,
that it will ferment with alkalis even without
heat, which fcarce any other falt will do. The
acid of this falt is the fame, with that of the
l'piriﬁ which rifes with it in the diftillation.

At
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At the end of the diftillation of amber there
is left at the bottom of the retort a black pitchy
fubftance.

The falt of amber comes from the fubje&,
as other volatile falts do, foul with oil. This
falt is not fo volatile, as to rife with the heat of
boiling water. And the ufual way of purging
it from its oil, is to boil it in the fpirit, or in
fimple water, and fet it by to fhoot,

Py LECGC
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LE.CT U RiE iKW

Of STONES.

ITHERTO the greateft part of our ape-
H rations, upon the f{ubjects, we have han-
dled, has been to analize them, and reduce
them into the principles, whereof they are com-
pounded. But the prefent fubjelts are fo [im=
ple in their ftructure, that our chief purpofe will -
be to thew the effe&s, they produce, when com-
pounded with other fubftances.
~ We thall here confider ftones. = Some of thefe
are tranfparent, others not. Of the tranfparent,
thofe, which exhibit the moft beautiful colours
and luftre, are called gems. Gems are rivalled
in tranfparency by glafs, but are preferrable to
it in degree of hardnefs ; by which means they
take a much finer polith. They are often imi-
tated by coloured glafs, but are eafily diftin-
guihed by the weight. Precious ftones being
much heavier than glafs, They have even the
greateft fpecific gravity of any ftones. The heavi-
eft of thefe is the diamond. ' But this ftone can-
not poflibly be counterfeited to any perfection ;

be-
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becaufe its beauty is not owing to any colour;
but only to its eminent luftre, which arifes from
its great refractive power. By this quality it re-
fleéts much morelight than any other tranfparent
body whatever 3 thofe bodies in general reflect-
ing moft light, which have the greateft refractive
power. By this quality alfo it exhibits, when its
furface is formed into avariety of different planes,
a greater diverfity of colours, and thofe much
more vivid, than can be exhibited in like manner
by any other tranfparent [ubftance. But the con-
fideration of gems has no direct relation to our
prefent undertaking. With regard to ftones of
the tranfparent kind we fhall only here obferve,
that fand, which 1s a heap of very minute ftones,
and flints caleined in the fre, till they can be
powdered, will melt with any vegetable fixt falc
into glafs. But glafs does not melt as falts and
metals do. They flow thin like water; glafs
melts into a tenacious confiftence. Hence it is,
that glafs upon its firft melting appears full of
{mall blebs or bubbles. Thefe arife from the
air, that is copioufly lodged among the mate-.
rials, they being powders. And as the glafs
melts into a tenacious confiftence, the air in
thefe “bubbles extricates itfelf buc flowly.
Length of fire expels it, and renders the glafs
uniformly tranfparent.

In
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. In glafs-houfes the fire is kept up night and

day without intermiffion, as long as the building
will endure, and as their pots work out, they
fill them up again with frefh materials. In the
bottle glafs houfes their pots are worked out in
one day, and frefh materials melted in them in
the night.

This tenacious confiftence of melted glafs, is

the reafon, that it 1s wrought otherwife than
melted metals are. Melted metals are always
caft into a mold.  But glafs is taken up by put-
ting into it the end of an iron pipe red-hot. A
portion of glafs will ftick to the pipe ; and the
pipe being hollow the glafs is blown up by the
breath of the workman, and fhaped with iron
tools, and by rolling it on a marble. If the
glafs cools and grows hard, before it has receiv-
ed the defired thape, itis put from time to time,’
while on the pipe, into the furnace, and held
there, till it grows foft enough to be wrought
on.
- TIron is the only metal to which glafs adheres ;
the reafon of which fhall be afligned hereafter.
.The fire of the furnace is not kept altogether up
to fo intenfc a heat, while the glafs is wrought,
as while it is melting,

Common red fand and the afhes of wood eor

ftraw melted together, make the green glafs ufed
for
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forbottles. Thisglafs is theleaft tractableof any,
and does not melt foft enough to be moulded fo
freely, as finer glafs,into any fhape. Though the
materials for all the other kinds of glafs, except
that called flint-glafs, differ from this bottle-glafs
only in the whitenefs of the fand, and the pu-
rity of the afhes. In the bottle-glafs red fand,
and the earthy part of the athes, as well as the
fixt falt are mixt together ; for glafs more trani-
parent afhes in fome degree purified are ufed.
In the fineft Venetian glafs, which was once in
great efteem before the invention of flint glafs,
they ufed fixt falt entirely purified from the
earthy part of the athes.

Flint-glafs has lead in jts compolfition, and
we fhall more fully defcribe it, when we come
to fpeak of the glafs of lead. Itis called flint-
glafs, becaufe it was firft made with calcined
flints ; but now they ufe only fine white fand,
which is found to have as good an effet, and
requires no previous calcination necefiary in
flints, that they might be pulverized, in order to
their being mixt with the other ingredients. The
fineft Venetian glafs was alfo made with calcined
flints, |

The proportion for this fineft Venetian glafs
is fet down by Antonio Neri to be thirteen parts
of the fixt falt to twenty of the powdered flint,

that
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that 1s about two parts of the falt to three
of the flints. In the making all glafs it
is ufual to mix a great quantity of old. glafs
with the freth materials, as this addition much
facilitates the melting. In bottle-glafs, they
put in old glafs and freth materials in equal
proportion.

All glafs 1s difpofed to have more or lefs of a
greenith hue: this is taken off from the fine
glafs by adding to it a fmall portion of a {tone
found in Iraly called manganefe. Writers in
Latin call it magnefia. Agricola miftakes it for
the magnet or load-ftone.

Flint-glafs does not acquire this green hue,
Therefore no manganefe is ufed in it, '

Some plants, which grow on the fea-fhore,
contain in their athes, belides the alkaline falr,
which they have in common with others, an-
other falt, which will not unite with fand, as the
alkaline falt does; but, when falt is made with
any of thefe afhes, it flows melted on the top,
and is taken off with ladles, before the glafs is
wrought, this is called {andiver.

One uvfe of calcining f{tones is to fit them for
glafs, though now this practice be laid afide for
the reafon before mentioned. Another effect
from calcining many ftones Is a power they

thereby receive of attracting water very ftrongly.
Ala-
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Alabafter frefh calcined attracts water fo ftrong-
ly, when wet withi i, that it unites again into &
hard and firm ftone. This is the preparation
called plaifter of Paris. At length the calcined
flone by gradually imbibing the moifture of the
air is in fome meafure faturated with water, and
then the aétion between it and the water becomes
faint, and it will not harden, as it does when
fewly calcined. -

Stones are in general to be divided into two
claffes 3 fuch as mele with fixt falt into glafs, all
which will ftrike fire3- and fuch as will notvi-
trify, and thefe burn into lime. The earthy
part of animal and vegetable fubftances refem-
bles this latter kind of {tones.

Lime, which' is made either by "calcining
chalk, or by the calcination of particular ftones
called from the ufe of them, lime-ftones, at-
traés water fo {trongly, as in aétion to excite a
great hear. |

The effect of the phofphorus made with slum
feems in part to arife from the fame principles ;
the {tony part of the alum calcining into fo fub-
tle a lime as to heat enough by the mere moiit-
wre of the air, to fet fire to the oily or fulphu-
reous part of the other ingredient, whofe inflam-
mability is heightened by the acid fpirit of the
alum, which joining with the oil of the other

in-
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ingredient compofes a very inflammable fulphur.
From the materials of the phofphorus mixe
I have fublimed yellow flowers like thofe of
brimftone.

Lime is of a nature analogous to fixt alkaline
falts, but more exalted in its force. It does not
intirely diffolve in water, as the falts do ; but
only communicates fome of its fubtle parts to ic.
Hence 1s produced a very wvaluable remedy
called aqua calcis, defcribed in the Londen dif:
penfatory.,

Again lime is made ufe of to increafe the
caufltic quality of the fixt alkaline falts. This
it does by its powerful attracting humidity. It
1s by this power of attracting all moifture, that
the fixt alkaline falt itfelf is a cauftic. It aéts
not on a dead body. Butin aliving one, where
the humours are fluid ; by drawing ftrongly all
moifture out of the fibres, it dries them up with
a quicknefs of action, refembling the effect of
an actual fire ; this when aflifted with lime, they
perform very ftrongly; alone their power is
more languid.

The cauftic ufually called lapisinfernalis ismade
by evaporating the foap-boilers ley, till it will
coagulate, when cold, into a brittle {fubftance
but care muft be taken, thatthe ley be not boil-
ed further than 1s neceffary for this purpofe.

The
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The heat may be continued, till it is reduced to
a dry falt.

This preparation muft be kept in a glafs well
ftopt, it being greatly difpoled to Liquify by the
air. This readinefs to liquify creates an incon-
venience in the ufe of this cauftic, By rendering
1t difficult to confine it to the limits, wherein
its operation 1s delired : for this reafon it has
given place in ufe to another caufiic not fo fub-
jeét to this imperfection, which is prepared by
forming a palte with a very {trong ley and lime
a little but net much flacked.

As lime bears a refemblance in its nature to the
fixt alkaline falts; foits aétion on {al ammoniac
is much the fame with the aétion of an alkaline
falt upon that fubftance ; for being mixe with it,
and diftilled by the like procefs as with a fixt alka-
line falt, a volatile fpiric 1s here alfo produced ;
but one that is much more acrid and pene-
trating, than when the alkaline falt is made ufe
of.

If fal ammontac be mixt with fine chalk or
whiting, a volatile falt will be raifed in a folid
form.  This procefls requires a ftrong fire, the
preceding one is performed with a gentle hear.

When lime and fal ammoniac are mixt toge-
ther, the volatile vapour afcends and frrikes the
nofe immediately ; but when uncalcined chalk

15



324 A COURSE Parrlil

is mixt with the falt, no fuch effe& follows
that the volatile part may be feparated, a
ftrength of fire, which may give the chalk fome
degree of calcination is requifite. But where
perfet lime is ufed, the aétive parts of the fale
are fo divefted of the grofler earth, that no falt
in a folid form can be obtained.

Lime feems to have a fimilar effe& alfo on
fixt alkaline falts§ for in the preparation of the
Japis infernalis, the quantity of the produétion
falls confiderably fhort of the falry from which it
is prepared,

Some have fcrupled to call thefe {pirits, thus
drawn with lime, alkalis, becaufe they do not
make fo vifible an effervefcence with acids; as
thofe do, which are drawn with fixt falc, But
if the fixt falt itfelf be highly calcined, the
{pirits drawn with it will have no more vifible
fermentatton, than thole have, which are drawn
with lime,

Equal parts of quick-lime, fal ammoniac and
fulphur being mixt together yield a {pirit, whick' -
whenever open to the air emits a fume without
cealing, which 1s extreme fubtle and pene-
trating.

Orpiment, which I obferved at our laft meet-
ing to belong to the clafs of {ulphurs, infufed a
little while in hot water, with double 1ts quan«

tity

2
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tity of lime, impregnates the liquor with the
molft penetrating fume known,

Lime alfo diffolves oils very powerfully ; for
this reafon it is ufed in making foap to facilitate
the uniting of the oil with the alkaline falc,
The common foft foap has a mixture both of
oil and tallow. In preparing it the foap-boilers
firft make a ley by pouring in water upon layers
of pot-athes and lime warm from the kiln ftrew=
ed in a fhallow pitinterchangeably. They take
care that the ley be not too ftrongly charged
with the falt. This they judge of by the weight
of the liquor. With this ley they firft boil the
tallow ; as foon as thefe boil up together, they
add the oil, and immediately damp the fire,
that the mixture may ftand in digeftion three or
four hours, in which time the oil, tallow; and
ley become united into one uniform f{ubftance :
and this by boiling they gradually bring to the
common confiftence of foap. When this foap
is firt made, it appears uniform  but in about
a weck’s time, the tallow .feparates from the
cil into thofe white grains, we fce in common
foap. Sh

Soap thus made would look yellow, but by a
mixture of indico added at the end of the bail-
ing it is turned green, that being the colour,

Q which
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which refults from the mixture of yellow and
blue.

Oil will not join thus completely with a ley
made from any of thofe afhes, which [ obferved
before to contain a falt, that does not incorpo-
rate with the glafs made from fuch athes. But
however the oil by repeated or long continued
boiling with fuch a ley will gradually imbibe
from it its alkaline falt, and be converted into a
foap, which, when cold, concretes into a folid
confiftence.

Hard foap may alfo be made with a ley,
wherewith oil will perfeétly unite. For this
purpofe common falt is made ufe of. When
oil or tallow has been united with the ley, after
a little boiling falt is thrown in upoen it, which
readily diffolving in water, but not in the oil or
tallow, draws the water in great meafure out,
fo that the oil or tallow united with the falt of
the ley fwims on the top.

Water impregnated with lime 1s made ufe of
for refining fugar upon the fame principle of its
diffolving eils. Coarfe fugar being boiled in
lime-water perfectly diflolves in it, the grofs oily
part, as wellas the {weet part, which conftitutes
the fugar. When the whole is by this means
-reduced to a uniform fyrup of a proper confift-

: ence,
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ence, itis fet by in a heat fufficient to keep the
oily partfluid, that the fugar may feparate from
the {yrup by a kind of chryftallization, as falts
thoot in water, that is charged with them to a
certain degree.

‘To render this feparation more effe¢tual moift
clay is fpread over the fugar, when the {ugar be-
gins to cryftallize, that the fugar may gradually
draw in the moifture from the clay, and the oily
part by that means be more effetually expelled :
for fugar unites itfelf with water much more
freely than with oily fo that when water is pre-
fent, 1t will draw that in with force enough to
expel the oil.

‘When the fugar is brought near to a perfect
finenefs, it will unite entirely with water without
the help of lime 5 therefore in preparing daublﬂ
refined fugar lime is not ufed.

- Lime {eems alfo to have fome effeét on the
acid part of the juice of the fugar-cane; foritis
vfed in ‘the firft making of fugar, lime in {ub-
ftance being put into the juice before boiling ;
but in a very {mall quantity, fcarce above the
meafure of half a pint of powdered lime to three
hundred gallons of juice, which fhall make as
many pounds of fugar. Here the lime feems
to produce at once the fame effe&t as time will
occafion without the affiftance of any art. The

Q 2 {ugar
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fugar we {ee adhering to raifins candied is only
their juice concreted into that form. Inthe
richeft kind of fugar-canes the juice, which ex-
fudes from accidental fAffures in them, will
concrete into fugar by the heat of the fun.
Perhaps this was the only fugar known to the
ancients.
(Here a fugar-mold fhewn. )

Lime is alfo made ufe of to diffolve fulphur
in the preparation of what has been called lac
fulphuris, but in our prefent pharmacopceia ful-
phur precipitatum. A quantity of fulphur be-
ing boiled with three times its quantity of quick-
lime, till the fulphur is diffolved, and the de-
coftion filtred ; upon the affufion of any acid
fpirit, the liquor twurns to a milky whitenefs,
-and depofits a powder, which is to be wafhed
frequently in warm water, till it has loft all its
acrimony. |
* Calcined chalk impregnated with the acid
fpirit of nitre will produce a kind of phof-
phorus not always fhining in the dark, as the
phofphorus from urine does; but immediately
after it has been cxpofed to the light of the
day or the beams of the fun it fhines, if it be
forthwith removed into a dark place. This
is the phofphorus of Balduinus. There is a
ftone found near Bononia in Italy, which be-

ing
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ing calcined only, exhibits the fame phzno-
menon.

The moft convenient method of preparing
the phofphorus of Balduinus is this.

Firlt let good chalk lime be powdered, and
put by degrees into the ftrongeft {pirit of nitre,
that can be prepared after Glauber’s method, till
fuch times as the {pirit is faturated, and all ef-
fervefcence ceafes.

This compound being diluted with a quan-
tity of water, and filtred ; the liquor upon eva-
poration fhews, that the acid {pirit has convert-
ed a confiderable part of the chalk into a falt,
From this falt the phofphorus is thus to be pre-
pared, |
~ Provide a fhallow earthen dith made of an
earth, that will endure the fire; place it in a
fire, till it is red hot. Then throw into it of
the fore-mentioned fubftance reduced to pow-
der by little and little. As foon as ever a
quantity is thrown in, it boils up; and the
fuccefs of the procefs depends upon throwing
in a frefh quantity, before the boiling up of
that laft thrown in is quite over. As foon as
the laft parcel is thrown in and melted, the
dith i1s to be removed from the fire, and
placed, before it is cold, under a glafs, which

Q_3 muft
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F the fubftances, that are dug out of
O the earth, fuch of them, as melt in the
fire, we have obferved to be called mine-

rals, the reft being only named foffils.
Minerals that afford metallic {ubftances are
ufually called ores: thefe are the next fubjelt
of our inquiry. Metallic ores are of two kinds;
for fome afford a perfet metal, from others
can be feparated only a metallic body, not hav-

ing the perfet form of a metal. The cha-
Q 4 racters,
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racters, by which metals are diftinguifhed from
n;her bodies, are being fufible and malleable,
That 15, whatever fubftance melts with heat,
and ductile under the hammer, when cold, i
properly called a metal.

The metallic bodies, to which theﬁe charafters
agree, are lead, tin, iron, copper, filver, and
gold, Of thefe tin is the lighteft in weight,
and. gold the heavieft ; the next to tin in {peci-
fic gravity is iron, then copper, after this filver,
then lead almoit of the fame weight with ﬁlver,_.r
and gold greatly exceeds the weight of any of
the reft. The imperfect metals are quickfilver,
bifmuth, fpelter, and a metallic {fubftance fepa-'
rable from the mineral called antimony. Quick-
filver differs from thofe properly called metals,
b}r 1tS pgrpemal ﬂu1d1ty s the reft, wh:ch are fo-
lld by the want of malleability, though they
have an exttrnal appearance, and weight re-
'fembllng a true metal, and are fuﬁble In the
ﬂﬁre |

In order to underftand the true iatention in
each part of the procefies, by which metals are
feparated from their ores, it is neceffary to have
fome Icnowledcre of the nature of the metals
This ] is beft ﬂbtamcd by ca]mmng them.

It is well I{nown, that metals, not only when
mclted but when heated in the fire are foon

covered
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covered over with drofs. Lead or tin melted,
their furface at firft appears of a thining bright-
. pefs, but is prefently fullied with a dim {Kin.
If this be removed, it is foon fucceeded by an-
other. ‘Iron or copper, when made red-hot, caft
off brittle fcales. The metals kept long in the
fire will by degrees walte thus wholly away into
drofs. T'his is called calcining them, and the
friable fubftance, into which they are thus redu-
ced, the calx of the metal. This calx is fpeci-
fically lighter than the metal. There is befides
an acceflion of new matter. Lead when calcin-
ed into that red powder called minium and
red lead, gains about a twentieth partin weight.

Lead and tin eafily melt, and being ftirred
about, while they remain melted, foon are re-
duced into powder; and this powder by being
longer in the fire will change from its firlt co-
lour, tll in tin it becomes white, in lead red,
-‘whence minium or red lead f{o called.

The procefs, whereby minium is made, s
this,  The lead is placed in a reverberatory fur-
nace, where with a due degree of heat and ftir-
ring, it is reduced into a greyith drofs. The
particles of this drofs often contain in them
fome lead uncalcined. To {eparate the calcin-
ed parc this drofs is ground in a mill with
water. During the grinding the water car-

ries



234 - A COURSE Part IV,

ries out of the mill all the finedrofs. The reft
which is imperfectly calcined fubfiding. This
refidue is calcined and ground afreth; till no
more grofs part's fubfide. The fine drofs thus
obtained, is placed again in the furnace, and a
proper heat raifed upon it, whereby it gradually
changes its colour, till it becomes red. The
reverberatory furnace here ufed is fo contrived,
that the heat may be equal on every part of the
matter, Therefore here two long fires are
made ufe of, one on each fide of the matter.
(Here foew the red-lead furnace)

Iron and copper are beft reduced to a calx by
being kept for a length of time red-hot: for
thus {cales will continually caft off from them.
If the metal be reduced into very {mall parts,
before it be expofed to the fire, thefe fcales will
be generated quicker than otherwife, the fur-
face of the metal being increafed.

Silver and gold bear the fire to that degree,
as to fuffer no change by the longeft continu-
ance in the hotteft fires we can make by any
fewel. However thefe bodies are not abfolute-
ly indeftructible by intenfe heat ; for burning-
glafles have been made to colleét the fun-beams
fo ftrongly, as readily to reduce both thefe me-
tals into a calx. Monf. Homberg profecuted
this experiment very fully with a glafs of the

late
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Jate famous Duke of Orleans. Several years
ago we had here in England a metalline con-
cave brought hither by the maker, Monf. Vil-
lette, which produced a degree of heat ftill
more intenfe than the burning-glafs, which
Homberg made ufe of ; but the fun’s rays being
in that collected by refraction, and the rays de-
{cending upon the fubject ro be examined, the
{fubject could be more commodioufly kept in the
focus for a length of time, than can be done
in refleéling metals, where the rays afcending
upwards will be intercepted by any body, where-
on the fubje& examined can be laid. In thefe
metals therefore the {ubject can only be kept in
the focus, till it is melted 3 and 1t was furpriz-
ing to fee how foon the mirror of Monf. Vil-
lette melted down the hardeft bodies, and thofe,
which indure the longeft in our moft intenfe
fires. Monf. Homberg by his glafs found,
that gold, when expefed to a heat {trong e-
nouch, was affe¢ted like other metals, and
burnt like the reft to a calx.

Bat as gold is not to be moved at all by our
fires any farther than to be melted, fo quick-
filver with a moderate heat evaporates. But if
quickfilver be put into a glafs, and .expofed
long, toa lefs heat than what will evaporate it
in length of time it will be reduced to a red

powder,
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powder, which has ufually been called Mercu-
rius pracipitatus per fe; but is now by the col-
lege ftiled Mercurius calcinatus.

The calx of lead is called by different names
according to the degree of calcination it has un-
dergone. 'When calcined till it is become red,
it 1s called minium or red lead, as has been al-
ready obferved. The calx of lead acquires this
colour, not by the violence, but long continy-
ance of the fire,

When lead is burnt off from filver or gold in
order to {eparate thofe metals from it, (the prac-
tice of which will beilluftrated hereafter) it fuffers
a greater heat, but not {o long continued. After
this calcination it is called litharge. It does
not here acquire fo bright a colour, but litharge
will receive this colour and become minium by
a long calcination.

‘Litharge has been diftinguithed into two
kinds, litharge of gold and litharge of filver,
as if the metal, from which the lead was burnr,
made a difference in the litharge; whereas the
litharge is fimply lead calcined, unlefs when it
is mixt with a fmall quantity of what other byfe
metal, may bave rendered the filver and gold
impure. However litharge is feen of two co~
lours, which arifes only from this. As it falls
from the furndce, it concretes into larger lumps,

‘ the
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the outfide of which to fome depth in cooling
becomes of a pale colour, the inner part being
red. -
Lead and tin calcined together in the propor-
tion of two parts of lead to one of tin makes a
white powder called by workmen putty, and is
uled in polithing metals. This is not the putty
of the glaziers. Thatis whiting with or without
a little white lead wrought into a pafte with lin-
{eed o1l, T

- Lead, when calcined, will diffioive in oils, as
is feen in making the plaifters, which have cal-
cined lead in their compofition ; fuch as the
common plaifters, which have gone ufually under
the name of the diachylon, emplaftrum e minio,

&c. .
Iron, calcined till it becomes red, was the
crocus martis altringens of the London pharma-
copeeia. But fcarce two authors agree in their
account of the preparation of this medicine.
There is another crocus of fteel called aperiens,
which we fhall mention hereafter. This alfo
has almoft as many procefies for its preparation,
as there are authors, who defcribe it. Nay
what in fome authors is called crocus aperiens, i3
calied by others aftringens. Nor 1s it ealy to
allign any great difference between them in their
operation however prepared : they are all the
| calx
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calx of iron. Our chemifts at prefent fell the
colcothar of vitriol for both.

The calx of lead by a ftrong heat will again
melt, and become a reddith kind of glafs. This
glafs will incorporate with fand. If three parts
of litharge be melted with one part of white fand,
it makes what is called-vitrum faturni, or glafs
of lead, and is a preparation ufcful in treating
filver and gold ores.

That called flint-glafs is a compofition of fine
white fand, nitre, and lead. They do not put
lead inits metallic forn into their pots with the
othet ingredients, becaufe upon its firft melting
it would fink to the bottom and corrode the pot,
{o as to eat holes in it. They therefore ufe ei-
ther red lead (the preparation of which I have
juft now defcribed) or white lead, the procefs for
making which will be explained hereafter, or
both toge:her. ' |

Nitre and fand without any farther addition
will make a fine tranfparent glafs; but it is not
durable- it "will foon be full of little flaws,
called by the workmen crizling. The addition
of lead preferves the glafs from that defedt.
‘When this glafs was firft made in England the
proportions obferved were one part of lead, two
of nitre;and about three and an half of fand. But
this glafs after a'courfe of years became fubjet

2 Lo
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to the forementioned defect, More lead is now
employed ; though if too much be ufed, it
gives the glafs a biacki{h hue ; and likewife
arfenic in a {mall quantity is added to the com-
pofition,

The yellow and red glazing of ecarthen ware
is litharge fpread over the veflel aiready burnt,
and then melted upon it into glafs, by a fecond
burning : the colour is yellow or red according
to the earth it is burnt upon. The litharge is
fpread upon the vefiel by this means, The li-
tharge is ground with water, till it is reduced
to extreme fine parts, and mixt with the warer
to fome confiftencé 3 1nto this mixture they dip
the veffel.  The water foon foaks into the burnt
earth, and leaves the litharge evenly fpread
over 1it. -

The black glazing is performed in the fame
manner with that kind of lead ore, which breaks
in large flakes, and is on this account called
pétttré ore.

(Her'e the model of the potters furnace. )

White glazing 15 compofed of three parts
lead and one of tin calcined together. Then
melted into an opake kind of glafs with fand and
the afhes of the fea-weed called kelp, this glafs
being ground with water and laid on, as the
other glazings are.

Thus
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Thus our fires eafily vitrify the drofs or calx
of lead; but are fcarce ftrong enough to mel¢
perfectly the calx of any othér metal. Our
fires will alfo vitrify the metallic part of anti-
mony. If the mineral be roafted with a gentle
fire, at firft it fmokes ; when this fmoke ceafes,
if it be melted, there feparates a merallic part:
(other methods of obtaining this mertallic pare
will be thewn hereafter,) but hereif the roafting
be longer continued with a fire gradually in-
creafed, and at length the mineral is melted for
a due time, a glals is produced, which has
been ufed in medicine, and is a {trong emetic.

However the burning-glafs before mentioned
would not only turn gold into a calx, but even
melt that calx into glafs.

The experiments that’ were made with that
glafs upon metals, illuftrate greatly the nature
of thofe bodies.

When gold or filver were held in the very
focus of the glafs, after melting they were dif-
fipated in fmall grains, which being collected,
appeared to be minute globules of metal no-
thing altered, juft as we fhall find quickfilver to
be difperfed by our fires. At a fmall diftance
from this place of the intenfeft heat the metal
fmoked much, and a powder foon gathered
upon the fubftance of the metal, which in gold

would
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would melt into a little {peck of glafs, and run
off from the metal, leaving the furface of the
metal bright, which would foon be covered
again with frefh calx, and that melt again into
another fpeck of glals as before. The calx
produced upon the furface of filver would not
melt, but lay {pread over the metal in the form
of a fine duft, gradually increafing.  If the filver
had been melted with antimony, there would
appear a vitrification,

If the filver or gold were held ftill a 11ttle far-
ther from the focus; it only {moked and wafted
very flowly without calcining at all.

In all thefe experiments the metal was held
to the glafs lying on a piece of charcoal.

If any of theotherfour metals lead, tin; copper;
or iron, were held to the focus of the glafs upon a
telt made of bone-athes, they foon calcined.
Lead, quickly after its calcining, vitrified. Tin
would fcarce vitrify at all. Copper vitrified
completely. Iron almoft, but the fubftance it
lay upon melting at the fame time hindered the
profecuting of the experiment to fo perfeét a vi-
trification, as was effected in copper. All thefe
calxes, even when vitrified, upon being laid
upon a piece of charcoal in the heat of the focus
foon returned again into metal. = All thefe me.:
tals if laid upon charcoal in the heat of the fo-

R cus
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cus fmokt, and wafted very faft, but weuld not
vitrify at all, except iron, which fometimes
would begin to vitrify, when the coal was for
burnt, as to be turned to mere afhes to a good
depth under the iron.

Iron exhibited feveral particular appearances.
Before it melted a black pitchy fubftance fried
out of it. This the experimenters call the ful-
phureous part of the metal. But it lay upom
the metal without burning, If we confider the
manner, in which iron is produced from its ore,
I think we may form a better opinion of this
{fubftance. In making malleable iron the lafk
remains of the drofs, or cinder, as the work-
men call it, are hammered out, This drofs is
black, as they defcribe the fubftance, that fried
out of the iron before the burning-glafs, and is
more fufible than the metal. Without doubt
therefore this fubftance was a little remains of
this drofs left in the iron. _

As foon as the body of the iron melted upon
the charcoal, it {puttered very much, and would-
wafte all away in fiery {parks, except in the fore-
mentioned cafe, when a large bed of mere athes
gathered under it; but if ever it ceafed from -
fparkling by that means, by fhaking the coal,
and thereby removing thofe afhes, the fparkling

would return again,
Iron
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Iron upon the teft did not fputter at all, ex-
tept it had firft been melted upon charcoal 5
then upon a teft it would {putter all away.

If the iron, after its being vitrified, were laid
upon a piece of charcoal in the focus of the
glafsy it continued quiet for fome time; but
at length it would begin to {putter. Then
being remaved it appeared no other than melted
iron.

Thus we fee the inflammable body, charcoal,
refltored to metals their form, after their malle-
ability and other proper charateriftics had been
deftroyed by calcination; as if the coal {fupplied
the metal again with what, the great heat of the
glafs had deprived them of.
 In the fame manner litharge and the calx of
tin heated red-hot in a furnace, foon return
again into their refpective metal upon being
mixt with charcoal, tartar, fea-coal or any other
inflammable fubftance. But the heat, wherein
this operation is performed, muft be greater,
than what would melt thofe metals. Even out
of flint-glafs the lead may again be recovered by
this means, if the glafs be mixed with a quan-
tity of ‘a fixt alkaline falc to render it more
fluid.
¢ The fcales of copper allo, though not fo eafi-
ly reduced as litharge, yet the operation may be

R2 effected
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effected with a ftrong fire by the addition Df an
inflammable {ubftance.

The fcales of iron are not eafily reduced b}’
our fires. It has been attempted at the furnaces,
where iron is fmelted, without {uccefs. This
is owing to the difficulty, wherewith iron melts.
For in the other metals a greater heat is requir-
ed to reduce the calx, than what would melt
the metal. The fore-mentioned burning-glafs
would not give heat enough to reduce the calxes
of gold and filver.

All thefe effefts fhew, that there 1sin metals
an inflammable fubftance ; the imperfe&t metal
called fpelter flames in the fire upon being melt-
ed. But though this appearance is feen in no
metal, yet iron, when brought to a very intenfe
hear, will not be cooled by blowing air upon it,
but be brightened by it, as if farther heated by
the blaft after the manner of inflammable fub-
ftances ; alio as nictre has been fhewn to increafe
the inflammability of burning bodies very much,
fo the two lighteft metals tin and iron, by being
mixt with nitre, will fend out a very bright

flame.

Farther, though nitre will not cauﬁ: lead to
flame, yet it will fuddenly produce in it the
fame effect as a ftrong action of the fire : for if
nitre be melted by a ftrong fire, till it is red-

- hot, .
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hot, alump of lead thrown into it will fuddenly
be calcined by it.

But there 1s alfo anothereffet in thecalcination
of metals, which deferves our enquiry : this is
whence their calxes fhould receive the additional
weight they acquire; this being an effeét not pe-
culiar to red lead only. I think we may fafely
anfwer, that it is from the air. I had occafion to
take notice toward the beginning of thefe lectures
of the ftrong attion, there is between inflamma-
ble fubftances and the air. When any body burns
under a clofe vefiel, till it is extinguithed, a con-
fiderable quantity of air is found to have loft its
elatticity. This effect, compared with the pre-
fent obfervation upon the calcining of metals,
points out to us pretty plainly, whence the
calxes of metals receive their additional weight,
and what becomes of that portion of air, which
feems to be confumed by burning bodies.
Without doubt, while the air by ating on the
inflammable fubftance either in metals or other
bodics expels it from them, it unites itfelf (in
part at leaft) to the remains of the body.

When red lead is reduced again into lead, it
not only lofes all the increafe, it has ac-
quired, but likewife falls fhort of the original
quantity, fhewing how much of the lead has
fumed away in the calcination,

R 3 In
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In calcining the metals care is always taken
to have a free accefs of the air to them. Hence
it is, that in calcining quickfilver a pipe is infert-
ed into the containing-glafs open at the bottom
by a imall orifice, to preferve a communication
with the external air.

However, to render this matter ftill clearer,
it may be proper to confider diftinétly this quef-
tion, whether metals are reduced to the form
of a calx, only by this new matter added, join-
ing with the metallic particles, or whether they
do not alfo lofe fomething from themfclves?
and, when metals are recovered from their
calxes, whether it is effeCted by the inflammable
fubftance put to them fupplying them with
fomething the fire has robbed them of, oronly
by affifting the fire in feparating the adventitious
matter joined to the metallic particles?

It 1s evident, that all the adventitious matter
gained upon calcination is diflodged again upon
the reduction of the metal. And, that the metal
alforeceives fomething from the fubftance joined
with it, is, I think, manifeft from che experi-
ments above related.

The four metals lead, tin, copper, and iron,
while lying on charcoal, would not calcine, ex-
cepting iron only in one circumftance, where it
was in the fame cafe, as if it had not laid vpon

2 | a coal,
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a coal, but upon a fubftance not inflammable.
Now in this cafe the calcination could be hin-
dered no otherwife, than by the coal’s fupplying
the metal with fomething, which the heat took
- fromit. [niron it is ftill more manifeft than in
the reft, that the metal imbibed fomething from
the coal, from that faculty of fputtering, which
1t acquired by being melted on it ; for it would
afterwards fputter, though removed upon a teft.
After it had been calcined, being laid upon a
piece of charcoal the iron lay quiet for fome
time ; but at length would begin to fputter;
and then was become iron again. Silver and
gold calcined even upon charcoal in a certain
degree of heat; but with a lefs heat they would
not calcine, but wafte in fume, as the other me-
tals did. When they calcined, 1 fuppofe, the
charcoal could not fupply them faft enough, with
what that great heat walted.

What metals received from the charcoal, ap-
pears to be the principle, to which it owes its
inflammability ; for the coal burnt to athes fafter
under one than under another. Iron confumed it
fafter than the reft, as by the {puttering of it,
it appears to have imbibed more freely than
the reft.

Hence upon the whole we may conclude, that

metals may be analized into two different fub-
R 4 {tances =
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ftances ; one whereon the body and fubftance
of the metal depends, the other to which is
owing the metallic form. This laft appears
to be that principle common to all inlammable
bodies, to which they owe their power of burn-
ing, and therefore is in all metals the fame 3 but
the other muit be different to conftitute the
diftin& fpecific qualities of each metal. Thefe
two are the fulphur and mercury of the ancient
adepts.
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DSRS0 T UV E* X VI

AVING thus difcovered the conftituent
parts of metals, before we proceed to the
- operations on their ores, it will be requifite to
fhew the action of acid fpirits, and falts upon
them ; for {uch fubftances are mixed with them
in the ore.

And thefe acids may be confidered in a two-
fold refpect, either when joined with water, and
conftituting an acid fpirit ; or when united with
terreftrial fubftances, as in{olid falts.

Now I fhall confider the acid {pirits.

By two of thefe all metals may be diffolved.
Spirit of nitre alone will diffolve filver, copper,
iron, lead, and quickfilver, and by the addi-
tion of {pirit of falt the other two metals gold
and tin. .

This mixture of the {pirits of nitre and of fea-
falt, called aqua regia, diffolves all the metals
except filver ; and fpirit of fea-falt alone dif-
folves all but gold and tin.

In the action of acid fpirits upon metals and
metallic bodies there are three remarkable dif-
ferences to be obferved, Sometimes the acid

{pirit
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{pirit fo alls upon the metal, as to receive it into
itfelf, that they become together one fluid body,
and, if any quantity of water be added to the
{pirit thus impregnated, the metal {till remains
fufpended, and isdiffufed throughout the water,
as it was before in the fpirit.  Of this kind is
the folution of filver, copper, quickfilver and
other metals in fpirit of nitre, In fome inftances
the metal 1s only correded to powder, and not
joined with the fpirit.  This 1s the cale of tin
with {pirict of nitre. There is likewife a third
circumitance, where the metal is received into
the fluid, but it will not join with an addi-
tion of water. Upon the affufion of water a
precipitation is made. This 1s feen in tin,
that has been diffolved to faturation in aqua
regia.

In the firft cafe the acid of the fpirit by uniting
with the metal has converted it into a true falt.
If the fpirit by the help of heat has taken up a
large quantity of the metal ; the metal will
thoot, when the fpirit is become cold, after the
manner of a falt. Thefe cryftals diffolve in wa-
ter like falts. By a force of fire they gradually
part with fo much of their {pirit, till they be-
c¢ome indiffolvible in water ; which i1s allo the
cafe of other falts. Their becoming indiffolvible

by lofing a part of the adhering acid, fhews the
dif-
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difference between thefe metals and thofe, which
are only corroded by the acid {fpirit. Thefe,
which are only corroded, do notreceive originally
fo much of the acid, as the other metalsdo. That
thefe metallic cryftals are rendered indiffolvible
in water by lofing part only of their acid fpirit, is
manife(t, becaufe they remain of a greater
weight than the original metal, whence they
were made, and by a longer applicatipn of fire
they will ftill continue to part with more of
their acid fpirit, after they have been brought
to the condition of being indiffolvible in water.
The greateft part can fcarce be brought to part
with all their acid {pirit by heat alone, however
intenfe: but they require alfo the addition of
fome inflammable {ubftance.

Thus the cafe, where metals are only corrod-
ed by the acid {pirit, differs from the other fole-
ly by the quantity of acid, that unites to them,
The third cafe, where water precipitates the
metal, is a medium between the other two.
Here the metal has affociated icfelf with only
fuch a portion of acid, as limits the quantity of
water, with which it can unite itfelf,

Where the metal is ealy corroded, fome por-
tion of the watry part of the fpirit feems to be
united with it, though not enough to make the

mafs
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mafs fluid; for by diftillation a portion of acid
{pirit may be driven from it. |

If filver diffolved in fpirit of nitre, after eva-
poration of the fpirit, be juft melted (which is
done with a {mall heat) it makes the lunar cau-
ftic. The acid particles of the fpirit, by being
joined with thofe of the filver, give the mafsa
very corrofive quality.

This mixt with falt, and rubbed upon brafs
will cover it over with a cruft of filver. This
is the means, by which the dial-plates of clocks
are filvered.

In ail the fore-mentioned procefles of evapo-
rating the menftruum from a metal, it has dif-
folved, the metal left behind retains ftill fo
much of the acid {pirit, that it does not yet ap-
pear in its original form ; but melted with any
inflammable {ubftance, or with an alkaline falt,
not too highly calcined, it returns again per-
feétly to its metallic form.

Metals may be recovered from the men-
ftruums, that have diffolved them, not only by
evaporation of the menftruum; but by other
means alfo, viz. by precipitation. This is done by
putting to the {pirit fome fubftance, between
which and the {pirit there 1s a ftronger action,
than between the {pirit and the metal already

diffolved in it.
1 In
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In the firft place fome metals precipitate
others. Ifa plate of copper be put into a folu-
tion of filver, the filver will fall to the bottom of
the containing glafs, and the {pirit will a¢t on
and diffolve the copper. Iron will precipitate
copper, and lixivial falts precipitate this metal,
as it will any of the metals diretly; and
then the menftruum becomes no more than
nitre diffolved in water, as we have before
fhewn.

In fome of thefe precipitations the powder,
which falls to the bottom, is pure metal ; and
by melting may be formed into a mafs, in others
the precipitating fubftance joins with the metal,

Silver is precipitated out of copper unmixt,
efpecially if a little heat be applied, that the
 menftruum may aét with full force on the cop-
per. Copper will alfo precipitate gold pure out
of aqua regia, and iron precipitates copper in
the fame manner from {pirit of nitre,

On the other hand, tin put into aqua regia,
- that has diffolved gold, makes a precipitation
of the gold, but united with fome portion of
the tin. The lixivial falts precipitate none of
the metalspure.  Gold thus precipitated falls in
a-powder called aurum fulminans, becaufe, if
gradually heated, it explodes like the pulvis
fulminans, I have before thewn you.

Like-
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Likewife as filver does not at all diffolve id
aqua regia, fo common falt, or its fpirit put in-
to a felution of that metal in aqua fortis precis
pitates the filver, but not in its metallic form ;
to reftore that, the precipitation muit be melted
in a crucible, being firft covered with fome al-
kaline falt. By this method filver is obtained
exceeding pure ; for no gold will be retained by
the aqua fortis, 2nd when the faltis added, the
aqua fortis is not difqualified from retaining all
other metals except the filver.

As filver does not at all diffolve in aqua re-
gia, nor mercury fo freely, as in fpiric of nitre 3
common falt put into a folution of thefe metals
in {pirit of nitre precipitates them ; but not in
their pure metallic form. The precipitation of
quickfilver by common falt or fpirit of falt
makes mercurius precipitatus albus, and the
precipitated powder by wathing in much water
is freed from the acid fpirit loofely adhering.

There is another method in ufe for making
white precipitate, from the compofition, here-
after to be defcribed, called corrofive {fublimate;
This is performed by diffolving equal quanti=
ties of pure fal ammoniac and this corrofive
fublimate in water; and then making a preci-
pitation with a folution of a fixt alkali falt.

But
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But I have now defcribed the moft ufual ope-
rations upon the metals by the acid {pirits of ni-
tre and of common f{alt, except only the ufe
made of thefe {pirits by the refiners of filver and
gold. I have before fhewn, how all other me-
tals are feparated from thefe two. They are
beit feparated from one another by thefe fpirits.
When filver is diffolved in fpirit of nitre; if
any gold were in the filver, it will lie at the bot-
tom in the form of a black or purple powder.
In like manner, if gold containing filver be
diffolved in aqua regia, the filver will be left
in a white powder,

If thefe two metals are mixed in equal quan-
tity neither of the fpirits will act upon the mafs:
and if the predominant metal be not above
three times the weight of the other, the acid
fpirit, by which that metal is diffolvible, will
eat it out of the compofition without deftroying
the form, This enables the eflayers to perform
an effay with great exactnefs in a very fmall
quantity. They uvlvally take about fix grains
only of the gold to be eflayed, and refine it
upon a tefl with about thrice its weight of fil-
ver; then beat the mafs into a thin plate, and
put it into aqua fortis, which eats out the fil-
ver, but leaves the plate intire, though brittle.
By the plates keeping thus intire chey are fe-

cure
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cure againft lofing any minute portion of gold,
which might falfify the eflay. To be fecure of
extra&ing all the filver, a fecond quantity of
aqua fortis is to be poured on the plate, when
the firft has done its office; and the plate at laft
wafthed with clean rain or river water. But as
the plate will ftill look of a brown colour, be-
fore it is weighed, it is to be brought to its co-
lour by igniting it with a degree of heat not
{ufficient to melt it,

Thus much concerning the acid fpirits of
falt and of nitre. The other two acid fpirits
deferve alfo to be confidered.

By diffolving iron with oil of vitriol is made
the medicine called fal martis ; by its corroding
quickfilver turbith mineral.

If filings of iron be put into oil of vitriol di«
luted with three or more times its quantity of
water, a {trong ebullition will arife, and the Li-
quor become green.

If the flame of a candle be applied to the
fume, which rifes, while the metal is corroded,
it takes fire. This is an inftructive experi-
ment ; for it thews us, that in the vapour which
rifes from acid {pirits, while they corrode me-
tals, a part at lealt of the fulphur or inflamma-
ble fubftance lodged in the metal is carried off
into the air.

1f
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If this fal martis be kept in the fire in a cru-
cible, till it' becomes red, it makes a crocus
martis. If this crocus be expofed to a moift
air, it will ‘low in it; and make what is called
(though improperly) oleum martis per deliquinm. -

Oil of vitriol will alfo corrode lead in a {mall
‘quantity ; copper it will diffolve; upon the
other metals, it will have no effect.

Copper, iren, and lead will diffolve in vine-
gar, alfo tin, when calcined.

If tin calcined be diffolved in diftilled vines
oar, and the diffolution in part evaporated, and
fet to fhoot; the falt refulting is called falt of tin
or fal Jovis. In order that the vinegar may aét
on the tin, it ought to be very highly calcined,
by being for a long time expofed to the aétion of
a ftrong fire,

Lead, or any calcination of it, being boiled
in vinegar, till.the vinegar becomes fweet ; then
the liquor evaporated in part, and fet to fhoot,
affords a falt; which on account of its tafte, is
- called the fugar of lead, or faccharum faturni.

Lead corroded by the fumes of vinegar be-
comes ceruffe or white lead. The method of
preparing ceruffe is ‘this. They fill pots in
part with vinegar ; then they roll up thin
plates of lead and put them into the pots.
By the fhape of -the pots the lead is kept up

S - from
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from touching the vinegar, and the pots are
alfo covered with a plate of lead. Thefe pots
ranged in rows they bury in horfe-dung, by
the heat whereof the fteam of the vinegar rifes
up and corrodes the lead , fo that its furface
becomes covered over with cerufle. After
a time they beat off the flakes in a mill with
ftampers, then-wafh the powder in water to {e-
parate its grofs parts.

Filings of copper give vinegar a fine grcen
tinCture ; which being evaporated in part will
fhoot into green cryftals, which are verdigreefe.
In Provence werdigreefe is made by ftratifying
plates of copper with the hufks of the grapes,
after their juice is prcﬁ'ed out for wine. = Thefe,
with the addition of fome wine, corrode the
copper, and turn it into verdigreefe.

If the {pirit of nitre, wherein-quickfilver has
been diflolved, be evaporated, a white fub-
ftance is left, which by a farther degree of
fire turns red, ufually called mercurius preci-
pitatus ruber, but in the prefent pharmaco-
peeia mercurius corrofivus ruber, of excellent
ufe in furgery. This freed, from what acid par-
ticles loofely adhere to it by often. wathing,. is
called arcanum corallinum. Some burn fpiric
of wine upon it. The reafon of this operation:
will be readily underftood from the procefs we

2 for-
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formerly thewed of dulcifying fpirit of nitre by
mixing it with {pirit of wine,

If filings of iron or fteel be boiled with an
equal weight of tartar, they will be corroded by
the acid of the tartar, and make the chalybs
tartarifatus of Bates.

If thefe filings mixt with twice their we:ght
of tartar, be formed with a litcle {pirit of wine
into a pafte and laid by to ferment for three or
four days; and this procefs be repeated four
times or oftener : two ounces of this fteel ried
up and {fufpended in a pint of {piric of wine will
impart to it a ftyptic quality. This is the inven-
tion of Helvetius. But the procels being te-
dious, the college have f{ubftituted another in
its ftead. | |

The imperfe& metals alfo are afted on by
acid {pirtts. |

- The magiftery of bifmuth 1s prepared by dif-
folving bifmuth in fpirit of nitre, and precipi-
tating it by diluring the folution with a quantity
of fair water.

S 2 : L. E.C-
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ESIDES the acid fpirits, folid falts by vir-

tue of the acid in them have very remark-

able effe&ts upon metals, and metallic bodies.
Thefe we fhall now proceed to confider.

Corrofive fublimate is made by mixing quick-
filver with the grofs body of falt, and of nitre,
with the addition of calcined vitriel and fubli-
ming the compofition, What {ublimes is the
corrofive fublimate.  Calcined vitriol alone
with quickfilver will not make this fubli-
mate. lts vufe is the fame as in making aqua
fortis, only to difengage more ealily the acid
{pirits from the other falts.

This compofition i1s made alfo ufe of in puri-
fying gold, and in particular is ufeful to re-
move ithe laft remainsof any mixture, that may
render the gold brittle.  But gold may be refi-
ned by this fublimate alone; if, while the gold
is in fufion, fragments of {ublimate are fuccef-
fively thrown in upon it.

The reafon for this effet of {ublimate may
- be learnt from experiments, Mr. Boyle made
with it. He laid plates of copper upon fubli-

mate
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mate in a retort and diftilled it off from them.
He made alfo the hke experiment with filver
and gold. By this procefs the gold was not
fenfibly changed, but the copper and filver were
{o acted on, as to be reduced into a kind of ro-
{in, which laid upon live coals would burn away
with a flame.

If tin be mixt with an equal or double quan-
tity of fublimate, a liquor will diftil from i,
which Mr. Boyle makes particular mention of
on account of its remarkable fuming.

In corrofive fublimate fo great a portion of
acid is vnited with the quickfilver, as to render
it diffolvible in water. That the quantity of
acid adhering is the caufe of its being thus dif-
folvible, is manifeft, becaufe by only adding
more quickfilver to the compofition, as is done
in making mercurius dulcis, the compound be-
comes indiffolvible in water,

This corrofive fublimate now defcribed, by
the violence of its acrimonry is one of the moft
deftructive of poifons; but when mixt with a
frefh quantity of quickfilver, after the rate of
four parts of fublimate to three of freth quick-
filver, and fublimed again it becomes milder
than before. By fubfequent {ublimations with-
out the addition of more quickfilver it grows
ftill lefs acrid, The third fublimation makes

S 3 it

'
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it a medicine very fafely to be ufed internally,
only ftimulating very gently the bowels. If
the fublimation be repeated five or fix times, 1t
is ftill fofter.

This preparation, to diftinguith it from the
preceding corrofive fublimate, is called mercu-
rius {fublimatus dulcis, and more briefly mercu-
rius dulcis.

At the firft fublimation a greater quantity of
quickfilver being united with the acid of the
{ublimate, that acid is in part buried in the
QUick{iIu*fr. And further, at each fubfequent
fublimation a part of the acid is always expel-
led; forevery time there rifes into the neck of
the bolt-head an acrid part to be feparated from
the reft. Therefore after every fublimation the
preparation contains a greater portion of' quick-
filver in refpect of the acid, than ‘it had before.
And thus, by being charged with an additional
portion of quickfilver, it 1s rendered indiffolvi-
ble in water, and fo much lefs capable of aéting
on our bodies, as from a deadly poifon to be«
come a medicine only gently {timulating,

With corrofive fublimare an eminent opera-
tion is performed upon antimony. If thefe two
fubflances are mixt together, and diftilled, there
arifes an unctuous congealed fubftance, called
the butter of antimony, Many cautions are

given
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given by authors in regard to this diftillation.
‘That the retort be large enough to contain four
or five times the quantity of the ingredients put
into it; and that it be provided with a wide
neck, left the butter thould rife {o faft as to ob-
ftruct it, and breaking the veflel endanger the
life of the operator from the fumes, which would
be emitted. But the procefs is daily performed
with great {afety in the retorts made at our
olafs-houfes, whofe necks are always too large
to be choaked up, though the retort be compe-
tently filled with the materials ; provided only
that the butter be melted down by approaching
fome hot bedy to the neck of the retort, where
the butter lodges.

As foon as coloured fumes appear, the ope-~
ration fhould be ftopped, that the butter, which
is come over, may not be dilcoloured by them.
¥'rom what remains in the retort may be {fublim-
ed a fubftance of a red but fomewhat dull co-
lour, which is the true cinnabar of antimony.
The quantity of this cinnabar is fomewhat un-
certain, dependino upon the quality of the an-
timony. Forin this procefs the acid of the fub-
limate quits the quickfilver, and unites with
the regulus part of the antimony, by this means
forming the butter; the fulphur of the anti-
mony unites: with the quickfilver, and forms a

| S 4 cinnabar,
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cinnabar. . The quantity therefere of cinnabar
depends upon the antimony’s abounding in ful-
phur. By this procefs it appears; how pear the
fulphureous part of antimony appreaches.to the
nature of common brimftone,

Authors differ greatly in regard to the pro-
portion to be obferved between the fublimate
and the antimony, fome advife equal parts of
each, others recommend three times as much
of fublimate as of antimony, If the {fublimate
be ufed in too great a proportion, pure quick-
filver will be found after the operation. If the
antimony exceed, fome antimony unaltered will
be left. I have generally found, that with
twice as much fublimate as antimony the pro-
cefs fucceeds moft completely. This procefs
fo far as relates to the cinnabar being thus pre-
carious, what has been ufually found in the
thops under the name of cinnabar of antimony,
is only a little antimony mixt with the ingre-
dients for common cinnabar, before fublima-
tion.

The butter of antimony, by repeated rectifi-
cations, or being left open to the air, runs into
a liquor, and is then called oil of antimony.
This 1s ufed as a cauftic, and is efteemed for
keeping itfelf confined to the place, on which

16
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it is layed, without fpreading, as other cauf-
tics do,

Butter of antimony being put into a large
quantity of water, the antimonial regulus preci-
- pirtates from it in the form of a white powder,
called mercurius vitee. This.is a very ftrong
emetic ; but has nothing of quickfilver in it, as
its name would imply, but is the regulus of
antimony wafthed from part of the adhering
acid.

Antimony in powder well mixed with thrice
its weight of nitre, and thrown by degrees into
a crucible moderately heated, and then remov-
ed from the fire and wathed in water, produ-
ces what is called diaphoretic antimony.

If upon butter of antimony be poured {pirit
of nitre, till all ebullition ceafes, and then the
fluid part of the mixture be drawn off, a pow-
der will be left void of any emetic quality.
This is called bezoar mineral, and has been held
in high efteem by many, and put in the firft
clafs of the medicines dignified by the name of
alexipharmacs. But as it refembles very much
diaphoretic antimony, fo it has no greater qua-
lities, If it be melted with tartar, charcoal, or
the like inflammable fubftance, it returns to re-
gulus of antimony, as diaphoretic antimeny
does,

The
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The liquor drawn off is called fpiritus nitri
bezoardicus, and will diffolve gold, like aqua
regia.

From all this we fee beyond difpute, that the
{pirit of fea falt is an ingredient in butter of an-
timony ; becaufe from the butter of antimony
the fpirit of nitre acquires a power of diffolving
gold ; and of the ingredients ufed in that pre-
paration, common- falt is the only one, from
whence the fpirit of nitre can receive this power.
* The aciq fpirit of fea falt contained in fal am-
moniac will alfo act on the metals.

If this falt be mixed with an equal weight of
filings of iron, and being well ground together
they are put into a retort, with a fire raifed by
degrees to a due height, a fublimation will fix
itfclf in the neck of the retort tinctured by the
“qron. This mixt with the bottom and fub-
limed again will be more deeply coloured than
before. Alfo if to what then remains more fal
ammoniac be added, a like fublimation may
again be made. And by the repetition of the
procefs all the iron may be fublimed.

In the fame manner {fal ammoniac mixt with
the colcothar of any of the vitriols, will carry
up with itfelf their metallic part. Hence ﬂmuts
martialis ammoniac, '

If
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If quickfilver, tin, fal ammoniac, and flow-
ers of {ulphur are mixt together in juft quanti-
ties, and put into a bolt-head, heat being gra-
dually applied at length a feparation will be
made, and a light brittle fubftance of a golden
colour found in the middle which is called au-
rum mufivum. The form of the procefs is
this, firft, to melt the tin, and then add the
quickfilver to it, which readily mixes with the
tin, and, when cold, compofes with it a brittle
body ; and this, when powdered, isto be well
rubbed with the other ingredients: when the
fublimation 1s completed, there comes out of
the bolt-head a fetid imell refembling that of
yoren eggs.

Though the acid {pirit extracted from vitriol
will not operate on all the metals: yet the fame
acid in {ulphur will aét upon every one, upon
all but gold and tin alone, and upon them, if
it be firlt melted with a lixivial falt.

In order to calcine the metals with fulphur it
is ufual to reduce them to fmall parts, that they
may the fooner be penetrated by the fulphur.
This may be done either by granulating the me-
tal, or by ftratifying thin plates of it with the
brimftone. This method of ftratification, as
the chemifts call it, is ufually defcribed thus;
that the bottom of 3 crucible be firft covered

with
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with fulphur ;. them a plate of metal laid upon
ity and this being alfo covered with fulphur,
another plate of metal laid on, thus proceeding
till all the plates are put into the crucible, the
uppermoft plate being alfo covered with ful-
phur. But the fame intention may be more
compendioufly an{wered by thrufting bits of the
metalline: plates perpendicularly into the ful-
phur, after that has been put into the crucible,
- An expediticus methed of granulating the
metals is by pouring them, when melted, into
water from.fome height.- If the metalis not a
valuable one, it is ufual to pour it through a
birch broom. it B

Tin is often reduced to powder by pouring
it melted into a box, and at che inftant it be-
gins to fet fhaking it about. The like may be
done, though not quite fo eafily with other me-
tals : for the metals in the point of their change
from a fluid ftate to their folid and malleable
confiftence are brittle.

If quickfilver be ftirred into melted brim-
ftone, it will incorporate with it, and upon their
union the mixture ufually takes fire, It is im-
mediately extinguifhed by putting a clofe cover
upon the veflel, in which the matter is contam-
ed. This mixture fublimed is called factitious
cinnabar from its near refemblance to the na-

tive,
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tive, which is a natural union of fulphur and
quickfilver. The painters ufe this preparation
under the name of vermillion.

If a bar of iron be heated glowing hot, it
melts down at once into a brittle calx.upon the
contaét only of a roll of brimftone.

This calx dropping into water, freed from
the brimftone and reduced into a very fine pow-
der is called chalybs cum fulphure preparatus.

LECGC
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HAVING inquired into the principles of
which merals confift, we fhall now con-
fider, in what form they are found in the earth,
and by what arts they are extrated from therr
refpective ores.

Metals are fometimes found pure; fometimes
mixt with and concealed in other fubftances.

All the gold, we have, is found in the vifible
form of gold. Some is found in fmall grains;
and duft among the fands of certain rivers, from
whence it is feparated only by agitating the fand
in water, whereby the gold, having a much
greater {pecific gravity than the fand, {ubfides,
and colleéts together at the bottom of the vefiel,
in which the operation is performed. Thus is
colletted all the gold we have from Africa :
and here it 1s feparated from the {fmall remains
of fand ftill concealed in it by meking it with
nitre. The nitre converts the fand into a glafs,
which rifes out of the metal upon its melting;
and {fwims upon it in a feparate body.

In America the gold is found in veins within
a white rocky fpar: from whence itis extracted

only
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only by grinding with quickfilver. Quickfilver,
as I fhall thew hereafter, will unite with, and,
as it were, diffolve gold : and therefore in grind-
ing the golden fpar with it, the gold is imbibed
- and feparated clean from the {par.

In the ores, where filver is the predominant
metal, it alfo is ufually feen in them in its me-
tallic form. And in America is feparated by
quick filver, as gold is, only with fome larger
apparatus, and fome additional operations to
prevent other fubftances, often found in the ore,
from obftructing the quickfilver in its imbibing
the metal,

Gold is {aid, to be contained in fome fub-
ftances, where it 1s not feen, in its metallic form .
as in particular in {ea-fand, and in fome flints;
but not in_quantity {ufficient to make the ex-
traction of it profitable, except where it is found.
in ores of other, metals.

A great deal of filver is extralled from ores,
where it does not appear vifibly. = A great many
lead ores contain a. portion of filver. -Moft of
thofe called filver mines in Europe are mines of
lead enriched with filver.

The other four metals, copper, lead, tin,
and iron are feldom met with in their metallic

form. Copper is, I think, the only one ever fo
found.

Thefe
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Thele metals are generally 1n their ores cor-
roded by an acid {pirit, which muft be fepa-
rated from them in order to obtain the metal
pure.

This acid fpirit'is of the witriolic kind, as
that 1s the acid, which 1s found in brimftone;
wherewith we have already obferved, that mar-
cafites abound. And marcafites generally ac-
.company metallic ores; and are themf{elves fcarce
ever free from fome metal.

Belides this acid [pirit there is alfo found in
many of the ores themfelves the ufual contents
of the pyrites, fulphur, and, not unfrequently,
arfenic 3 infomuch, that in calcining ores thefe
fubftances vifibly exhale from them.

Thus ores are compounded of thefe feveral
parts. The metal either in its complete form,
or eroded by an acid 3 ftony and earthy parts;
befides the contents of the pyrites fulphur and
arfenic. Thefelaft, if left in the ore, when it is
‘melted, will corrode the metal, and prevent its
receiving the due metallic form. But as thefe
{fubftances are both volatile, they may be exhaled
from the ore by a proper degree of heat, before
it is melted.

Now as metals are compounded of two fub-
{tances, one, which conftitutes the bulk of the
metal, and another, whence i1t receives its me-

4 tallic
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tallic form, the art of finelting confifts of thefe
two particulars; in the firft place to free the ore
from the acid, which has corroded the mertal,
and from all other {ubftances that may do {o in
the melting ; in the fecond place to provide,
that the metal be furnithed with a due portion of
the {ubftance necellary to maintain its metallic
form. This we have fhewn to be a fubftance
common to metals with other bodies, being
that, to which inflamimable bodies owe their
power of burning.

The greateft part of coppei ores coitain {o
much of this inflammable {ubftance; that the
the att of extracing copper from its ore, called
by the workmen imelting, confifts in freeing
the ore from its acid fpirit.

They commonly firft burn away the groffeft
part of the fulphur, which lyes mixt in the ore,
in a furnace not capable of giving a degree of
heat fufficient to melt the ore 3 and after this
light roafting is performed; they remove the ore
into another furnace of the fame kind; but fo
built as to give a greater heat; and in this fur-
nace the oreis melted. Thefe furnaces are one
of the two kinds of reverberatory furnaces, I
defcribed at the beginning of thefe lectures.
One is that wherein we lately diftilled fome of

the acid fpirits, where the vefiel containing the
T ﬁ.‘ibf_
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fubject to be diftilled was fo fufpended within
the furnace over the fire, that it hung in the
middle of the lame. But to thefe now men-
tioned the name of reverberatory ftill more pro-
perly belongs; for in thefe furnaces the fire being
made on one f[ide the bed, which holds the ore,
and the exit for the lame and fmoke on the op-
pofite fide, the flame is brought over and beat
down upon the ore. The roof of the furnace
defcends in pafling from the fire-place to the
exit for the {mcke ; for the Aame of the fire di-
minifhes, as its diftance from the fire increafes s
and by this ftru¢ture of the furnace the fpace
between the furface of the ore, and the roof of
the furnace being alfo diminithed, the flame,
when lefs in quantity, is condenfed, {o as to give
the fame degree of hear, By this means the
whole ore is equally heated.
(Here the model of the copper furnace.)

It 1s fo difficult to difengage copper from its
ore, that in moft ores there feparates from the
flag upon the melting only a blackifh brittle
fubftance impregnated with copper. This the
workmen call a regulus of copper. From this
by a fecond roafting long continued and fubfe-
quent melting, both performed in the latter
furnace, copper will feparate,

Some
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Some rich ores yield copper upon the firft
melting. It is found advantageous to work
richer and poorer ones mixt together: for
the rich ores are fomerimes defettive in the
inflammable part, and the poor ores abound
with it.

When real copper is thus feparated from the
ore; there vet requires farther roafting and
other management to render it pure : many ores
abound with iron ; in thefe the copper is ren-
dered coarfe and brittle by a mixture of this me-
tal with it; which muft by fubfequent calcina-
tions and meltings be roafted out. If in thefe
operations the copper is deprived of its proper
portion of the inflammable fubftance I obferved
to be neceflary to metals for the fupport of their
metallic form, this is to be reftored by adding
fome inflammable fubftance, that will not too
foon be diffipated, fuch as tartar, charcoal, and
the like. But while the copper is thus reftored,
the iron will remain burnt, and thereby be fepa-
rated from the copper.

This method of fmelting in the reverberatory
furnace is practifed only in our ifland, nor here
above three or four {core years.

It was firft begun upon copper; but foon
after the like method was put in pra&ice upon

lead ore.
T 2 Lead
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Lead ore contains fo much of a fulphureous
or inflammable part, that by roafting only a
large portion of metal will feparate from it.

Lead ore is roafted in the fame kind of fur-
nace as copper ore, but, while it is roafting,
it becomes foft, and, as it were, half melted.
To prevent its foftening too falt, they throw
lime in upon it, which keeps the ore dry. They
ftir the ore and lime together with long irons
through holes made in the fides of the furnace
for that purpofe. The metal here melts from
the ore during the roafting, and is let out, at
certain periods, by a hole made for it in the
fide of the furnace.

(Here the model of the lead furnace.)

Lead ore does not abound fo much with the
inflammable fubftance fo often mentioned, as
copper ore dees : infomuch that a part of the
metal is ftill left in the ore, and wants the ad-
ditien of fuch a fubftance to produce it.

To this end they melt their {lags by the blaft
of bellows upon a hearth mixt with foffil coals
already fo far burnt, as to have their humid part
evaporated, and paft fending our a grofs fmoke.
Such coals are called coakt coals. Coals thus
treated are in refpect to crude coals, what char-
coal is to unburnt wood.

Thefe
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Thefe {lags would melt as thin in the furnace
as here. But here they receive from the coals,
while they meltr, an inflammable part neceffary
to their fupplying more metal. After all,
when the flag has laid a time expofed to the air,
it will yield more lead by being melted upon
this hearth.

( Here the model of the flag-bearth.)

In fome countries of England the firft part of
the lead 1s ftill melted from its ore with bil-
lets of wood. This is done in a fquare furnace,
into which the wood is firlt thrown in fufficient
quantity to make the proper fire, which is
blown up with bellows moved by a water-
wheel ; and upon this is thrown the ore, from
which in meliing the Jead runs out: when that
ceafes, the flag is raked out, and another fire
made up with frefh ore. From thefe flags is
extratted the remaining lead in a flag-hearth
with the pit-coal of the country. On Mendip
hills, they ufeno pit-coal, but wood, and charcoal.

(Here the Derbyfbire and Mendip-bills furnaces. )

The ores of tin and iron are defeétive in
the inflammable part. The metals therefore
are not to be feparated from thefe, without
adding fome material from whence this in-
flammable part may be communicated. Tin
ores are now melted in Cornwall in reverbera-

gt tory



278 AT OURS BY Rl

tory furnaces, as copper and lead ores ; but not
roafted in them. They are fpread over with
{mall coals, and melted direétly.

Thus we now Imelt in England copper, lead,
and tin, by the help of foffil coals. 1n all other
countries metals are fmelted with chatrcoal.
The fcarcity of charcoal, and great plenty of
foffil coals with us, gave ‘occafion to our pro-
ceeding in a different method. We made no
copper in England, till the prefent way of
working was invented. Lead and tin we have
wrought upon time out of mind. Our ifland
has been the principal fource of tin from the eat-
lieft accounts of time, and continues ftill ta be
{fo for both metals.

Scarce any fuccefsful method has yet been
found of communicating to iron ore the inflam-
mable part from foflil coals. :

With charcoal the method of {melting metals
is this  They frft lightly roaft the ore to expel
the loofe {ulphur, laying the ore upon wood or
{mall charcoal fet on fire. Then they pound the
ore, and put it into the {melting furnace mixt
with charcoal. This furnace is only a building
of brick, open at top, where the ore and char-
coal is thrown in'with bafkets alternately, and
~having a fmall hole on one fide at the bottom,
before which a bafon is made to receive the me-

tal,
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tal, as in melting it lows out from this hole.
This furnace Agricola defcribes with a cavity
equally wide fmm the bottom to the top. But
at prefentin our iron furnaces, and in the other
furnaces abroad alfo, its cavity is made wideft in
the middle, narrowing both upwards and down-
wards, Toward the bottom of the furnace the
nofes of two pair of bellows enter, which blow
alternately and are moved by a water-wheel.
By this vehement blaft, and the great ftrength
of the charcoal fire, the acid fpirit is expelled
from the ore, and the fuel at the fame time {up-
plies the metal with a due quantity of the inflam-
mable {ubftance neceffary to it. In iron lime is
always added to imbibe the acid {pirit of the ore,
and thereby aflift the fire in feparating it from
the meral.

Iron ore before it is thrown into the furnace
undergoes a flight degree of roafting by being
piled up with {mall charcoal, which being {et on
fire by its heating the ore renders it brittle,
whereby it is more eafily broken into {mall frag-
[ments.

( Here the model'of the iron furnace.)

Iron thus melted from the ore is not malle-
able, but requires farther management to give
it that property. This is effected in the follow-
ing manner, They heat it with charcoal in a

T 4 forge,
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forge, where at firft it melts, but at length by
imbibing from the coals a larger portion of their
inflammable part, and the feparation of a quan-
tity of a glafly drofs (called by the workmen
cinder) it grows gradually tougher, and acquires
the foft, but tenacious confiltence, which malle-
able iron has, when ftrongly heated. If it be not
brought to a malleable condition by one melt-
ing, it 1s heated over again in like manner; but
the firlt heating 1s {uflicient for the greateft part
of the iron, whlch is wrought upon to be ren-
dered malleable.

As the iron comes thus hot out of the fire s
after having firlt received a few blows with
wooden mauls or hand-fledges, it is carried, and
held under the blows of a large hammer, that
is raifed up by a water-wheel,  This hammer
beats the {mall remains of flag or cinder out
of the metal, and unites it into a clofe body of .
malleable iron. Afterwards this iron by repeat-
ed heatings and hammermas is beat out into bars
of d:f’f-:rEnt fizes, and ﬁtttd for the market,
But none of the fubfequent heatings are {o great
as the firft. In forming the bars they beat out
the middle part firft; then heat it at a leffer
fqrgf:? and beat out the ends.

Iron
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Iron is lefs fufible than its cinder or flag;
which is the reafon of vfing the hammer to beat
the laft remains of the flag out of it.  Thisisan
operation peculiar to iron ; for all other merals,
by their fufibility, run liquid from their flag,
But as iron is lefs fufible than its flag; fo the
flag of iron is not fo fufible as to flow perfeétly
from the iron without the affiftance of the ham-
mer to force it out. All {lag flows more or
lefs tenacious after the manner of glafs.

In iron ores, that are very rich in metal, good
part of the iron may be obtained from them,
with a much lefs fire than what is required to
melt the other ores.

Thefe ores may be origimally wrought at a
forge, and the iron rendered malleable at one
-operation, Thefe forges have a pit, which be-
ing filled with coals, and ore laid upon them ;
as the ore foftens it finks down into the pit, and
the flag runs from it, asin the other cafe of fu-
fible iron. The iron thus purged is taken from
the pit, and hammered clean from the remaining
flag, as in the other cafe,

But here alfo muft be put into the fire along
with the ore a2 quantity of lime; that the lime,
by diffolving the fulphureous part of the ore,
may facilitate the feparation of the flag, How-

cver
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ever thefe forges feldom or never extract the
whole quantity of the iron from the ore,

In fmelung filver or gold ores, where thefe
metals are got by melting the ore, they puta
quantity of lead in the bafon, which receives
the metal. This lead keeps melted by the heat
of the furnace, and imbibes the filver and gold
from the flag. The metal is afterwards leparated
from the lead in the manner defcribed, when I
fhewed the method of refining thefe metals by
the help of lead.

Our refiners have an operation fomething
fimilar to this, which they call melting their
{weep. In parting filver from gold by aqua
fortis, ‘it 15 no uncommon accident, by the
breaking of their glafles, to have their metal
 mixt with fand. Such fand, together with any
dirt, wherewith they fulpeét metal may be mixt,
they at certain times operate upon to recover the
metal. [t is performed in a furnace, like that,
wherein filver is fmelted from its ore by chat-
coal. Into this furnace isithrown the {weep, and
litharge mixt together. Inthe charcoal fire the
litharge 1s reduced, and runs out in the form of
lead, having imbibed, and bringing wich it what
filver or gold.was mixt in the iweep. To effect
mere perfeétly the feparation of their metal from

6 “the
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the fand and dirc of the fweep, they likewife
from time to time throw in the {lag or cinder of
iron. This melts the fand, and feparates 1t
more effectually from the metal. And congeal-
~ ing as foon as foon as it comes out into the air 3
by a large poker they keep this glafly and tough
flag up in the mouth of the furnace, and there-
by regulate the running of the metal at plea-
fure. The cinder of iron is better for this
ufe than the flag of any other metal; be-
caufe it is of a more pure glafly fubftance than
the reft.

There i1s alfo another method, which was
mentioned above, of feparating thefe metals from
their ore, which in ores, where the metal exifts
in its metallic form, makes the moft perfect fe-
paration. After the ore has been freed by cal-
cining from its loofe fulphur, when that is ne-
ceflary, it is well mixt with quickfilver by grind-
ing them together. The quickfilver unites
itfelf with the filver and gold, and by that
means feparates them from the ore. The quick-
filver is feparated again from the ore, partly by
{training through leather, and partly by diftilla-
tion. Before quickfilver is mixt with the ore,
it is neceflary to free the ore from its loofe ful-
phur, if the ore abound therewith : otherwife

the
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the quickfilver will lay hold upon this fulphur,
and not act upon the metal,

Copper is fo ftubborn a metal to free from
its ore, that once fmelting even with char-
coal will not often do it; but only produce
a brittle regulus, which muft undergo fubfe-
quent roaftings, and then be melted down
again before | pure copper can be obtained
from it.

What has been faid may {uffice to give a gene-
ral idea, how metals are extralted from their
ores. But Lintend to explain more particularly
the method of examining ores in fmall quanti-
ties, whereby the goodnefs of any parcel may be
judged of. This art of eflaying admits of feve-
ral compendiums not to be put in practice with
profit in the great works; the account of which,
and illuftration by experiment, I defign for our
next meeting. 1 fhall here only in general ob-
ferve, that as ores come out of the mines mixt
with earthy and ftony fubftances; all fuch he-
terogencous mixtures, which are light enough
to be wathed off are feparated from the ores by
that means, before they are carried to the fmelt-
ing-houfes : and therefore it is after this wath-
ing, that they are ufually effayed. But iron
ores are in this to be excepted: they do not

4 in
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in general require wathing ; for they lie in the
earth in a different manner from all others.
The reft of every kind run in veinis through
~ the rock, which contains them ; but iron

ores compofe the intire body of the rock or
hill, |

L E C-
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HEN the fmelter purchafes ores from

the mines, it is neceffary for afcertain-

ing their value to examine by eflaying a {mall

quantity, what portion of metal the ores con-
tain.

Though this eflay may be made by the fame
means, as the feparation is performed in the
creat works, yet certain compendiums and af-
fiftances are here u{ually made ufe of by addi-
tional materials, which cannot in the larger o-
perations be admitted with profit.  Thefe addi-
tions are ufually called fluxes: and are of dif-
ferent kinds.

Asores in eflays, as well as in the great works,
are divided by fmelting into two parts, the me-
tal itfelf, and a drofs or {lag of a glafly confift-
ence {wimming upon it, while they are both
fluid ; fome fluxes have no other ufe than to
aflift in rendering this melted flag more liquid,
that a lefs degree, or (horter continuance of the °
fire may melt it thin enough for the metal to
fall freely through it. Thele fluxes are the
three falts, borax, nitre, and the alkaline falt of

vegetables ;
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vegetables; for any of thefe will melt with fto-
ny {ubftances into glafs.  Glafs is alfo an expe--
dient fometimes made ufe of in very ftubborn
flags ; but it ought to be of the moft fluxile
kind, except flint-glafs. That muft not be
ufed, left the lead in its compofition fthould be
reduced in the operation, and by joining with
the metal of the ore fallify the effay.

Thefe fluxes are always ufeful, whenever
there is danger, that the metal, after it is fepa-
rated, may be burnt, and thereby diminifhed,
by the ftrength or centinuance of the fire re-
quired to liquify the flag; but they are moft
neceffary, when the fire is weak.

Another fort of fluxes regard the metal itfelf;
which are either fuch as will furnifh a due por-
tion of the requifite fulphur, when that is want-
ing ; or fuch, as may abforb whatever {ubftan-
ces in the ere might corrode and deftroy the
métal.

The fluxes in common ufe are often com-
pound in their effeéts, partly fupplyingone office,
and partly another. Of this kind is that called
the black flux. 'We have feen tartar and nitre
mixt in equal quantities burn together into a’
fimple alkaline falt. ~ But if the tartar be taken
double to the nitre, and the mixture be fet on
fire, while ‘one half of the tartar is reduced with

the
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the nitre into an alkaline falt, the reft is only
burnt to a black coal. This compofes the
black flux; and when mixt with any ore in
melting, the coal is fitted to fupply the requi-
fite inflammable part to the mertal, while the
falt attenuates the flag. “This flux is ,apt to
caufe a great intumefcence, and endanger the
carrying over fome part of the ore out of the
melting pot. But this inconvenience is reme-
died by covering the whole mixture with com-
mon falt, which diffolves the tenacity of the
furface, and prevents the intumefcence,

In lead ores iron is the moft commodious
flux; for this metal will ftrongly wnite with
{fulphur and even arfenic, thereby imbibing all
fuch fubftances in the ore, as might deftroy the
lead ; and at the fame time will fupply the lead
with what inflammable part it may want, itfelf
abounding therewith, as we have feen by its

burning and flaming with nitre.
But this flux cannot be ufed in any other orc,

becaufe it will join itfelf with the metal of the
ore ; but with lead it will not join.

Tin ore may be melted with a fimple flux,
this ore requiring no abforbent; but only a lit-
tle charcoal, or fome fueh inflammable fub-
ftance to give the metal its form; though as it

is a metal the {ooneft burat of any, and its ore
has
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has a flag not vety ealy to melt, fome falt to
facilitate the flowing of the flag will be a very
ufeful addition, This may be borax. But be-
fore melting it is ufual to wath away as much
as poflible of the ftony and other terreftrious
{ubftances, with which the ore is mixt, all fuch
fubftances being lighter than the grains of ore,
wherein the metal is contained ; and if the ore
is mixt with mundics, it is expedient before
wafhing to roaft out the volatile part of thofe
fubftances.

Iron ore fequires charcoal to give the metal
its form, and fome alkaline material to abforb
the acid fpirit; for which purpofe lime is the
moft effeGtual; fo that lime with a third or
fourth part of charcoal makes the beft flux for
this ore, with which it may be melted, after it
has firft been made red hot by itlelf, that in
{melting it may not upon the firft heat fly out
of the melting pot. Here the chief difficulty
is to make the fire ftrong enough. The cinders
of coals, if not too much burnt, perform this
eflay beft.

Copper ore 1s the moft difficult to {melt of
any. It joins fo freely with all other metals,
and is {o readily corroded both by acids and
alkalis, that there is no commodious material
known for imbibing either the fulphur contain-

U ed
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ed in the ore or the acid {pirit, with which the
metal is joined. They are both to be expelled
by roafting. For this reafon copper ore is
fometimes eflayed without any addition, except
perhaps fome faltin the melting to promote the
fluxility of the flag; butis roafted or calcined,
and then melted down, 4s in the larger work,
Here one roafting and melting will not bring
copper out of moft ores. Butif the work has
been carried on well, the copper will appear at
the fecond melting.  To facilitate the roafting,
the ore is to be beaten to a grols powder, and
be kept ftirring all the time it is in the fire,
that it may not clod together, as it will do,
were it left to itfelf. If it happen to .clod
much, it fthould be removed from the fire, and
powdered again for it roafts, while in lumps,
but very flowly. The chief art in this opera-
tion is to judge, when the ore is fo far prepar-
‘ed, that metal may be expeéted from it: for
the roaliing may be continued, till the metal
fhall be calcined, and burnt up to drofs. When
this has happened, it may be known by the co-
lour of the flag, which then appears tinged
with the meta)l. The remedy in this cafe is to
melt the {lag down again with fome material
proper for reftoriog the inflammable part, which
has been burnt out. For this purpofe either

charcoal
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charcoal or tartar may be ufed: tartar will the
Jeaft thicken the flag.

When the ore firft grows hot, it feels luggith
and heavy, like flower, under the rod, where-
with it is ftirred. By degrees it grows lighter
and feels dry like fand. By this change the
roafting is to be judged of. It is complete,
-when all the ﬂuggi'ﬂmefs upon ftirring is gone.
At this time alfo 1t lofes its red colour upon the
furface, as foon as the ftirring is intermitted,
-whereas before the rednefs continues fome time
upon it.

But copper ore may be more expedioufly ef-
fayed by roafting, till it has loft all {mell, and
then melted with borax or fome fuch falt to pro-
mote the Huidity of the flag, and alfo a little
charcoal or tartar burnt black, left the metal
fhould have been in any meafure calcined.
Though care fhould always be taken not to
roaft the ore more than neceflary ; for metals
calcined never are reftored again in full quan-
tity.

In authors 1s found a much greater compofi-
tion of fluxes, than I have recommended. But
I apprehend the weaknefs of their fires rendered
fuch great apparatus neceffary, and thefe copi-
ous fluxes are attended with an inconvenience #
by their bulk they fo fill the melting pot, that

U 2 but
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buta very fmall portion of the ore can be taken
for the eflay.

In relation to filver and gold ores, they are
ufually eflayed by putting them to lead in fu-
fion ; whereby, while one part of the lead cal-
cines and unites with the ftony part of the ore,
the reft imbibes the metal, from whence it is af-
terwards to be feparated. It the ores are ftub-
born in melting, litharge fthould be added to
them, or even the glafs of lead before mention-
ed. If the ores contain fulphureous or arfeni-
cal ingredients, thofe are previoufly to be roaft-
ed out,

In effaying thefe ores the lead, into which the
ore is put, (either alone, or with litharge or the
clafs of lead, if the ore be of difficult fufion)
is ufually contained in a veflel made in the man-
ner of a teft; but, inftead of bone afhes, of
fome earth., The reafon of which is, that the
lead may not be imbibed, before it has fully li-
quified the ore. The earth of thefe veflels
ought to be of a kind as little liable to vitrify
and be eroded by the lead, as may be; and
when the lead is covered over with flag, and
that melted fo thin, that the metal in the ore
may ealily fall through it, the veflelis to be re-
moved from the fire, and when cold the flag
feparated from the lead, which is to be after-

wards
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wards roafted upon a teft of athes, that the
metal of the ore may be received pure. The
whole procefs may be performed upon a telt of
bone afhes, if the quantity of ore effayed is fo
fmall, that as much lead may be ufed without
rendering the operation tedious, as will {uffice,
before it fhall be imbibed by the teft, for li-
quifying duly the ore.

But a more concife method is to melt the ore
in a crucible with litharge, or, if it be a ftubborn
ore and require a long and viclent fire to be
brought to fufion, with glafs of lead ; and then
by the addition of charcoal to reftore the lead,
which will carry down with it the metal of the
ore. If the ore require a long or violent fire,
the glals of lead is to be ufed, left litharge

fhould corrode the melting pot.

Uy EEC.
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AVING fhewn how the true metals are
feparated from their cres, we [hall nexe
confider the imperfeft metals, and their ores.

Of the imperfe&t metals quickfilver differs
from thofe properly called metals by 1s perpe-
tual fuidity; the reft, which are folid, by the .
want of malleability, though they have an ex-
ternal appearance and weight refembling that
of a true metal, and are fufible in the fire,
They differ from glafs in not being tranfparent,
and from falts by not diffolving in water. The:
chief of thefe, as has already been mentioned,
are bifmuth, fpelter, and the metallic partof
antimaony.

Quickfilver is frequently found in its metal-
lic form; fo that itis feparated from the earth
containing it, partly by wafhing it in water on-
ly, or at moft by heating it. For quickfilver
with a degree of heat {carce exceeding that
which will melt tin, is rendered volatile ; and
therefore fo much of the quickfilver as daes
not wafh out of the ore, is feparated from it by
a {imple diftillation.

| Native
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Native cinnabar is an ore of quickfilver,
from which the metal cannot be obtained with-
out more art. It is a union of quickfilver, and
fulphur. And, as we have feen, both lixivial
falts and lime act upon and diffolve the fulpbur,
fo either of them mixt with this ore caufe the
quickfilver to feparate from it upon diftillation.
The flings of iron will produce the fame effect.

A moderate degree of heat without any ad-
ditional art feparates bifmurh from its ore,which
is little elfe than bifmuth already furmcd, in-
termixt with earthy parts.

Agricola, who is an author, that always
ought to be confulted upon the fubject of me-
tals, defcribes the manner of doing it thus.
The ore is laid in a cavity, for the molt part
made 1n the earth, fometimes round, fometimes
a long trench; and billets of wood being laid
over upon the ore, and fet on fire. The bif-
muth foon runs from the ore, and flows out in-
to a receptable from the cavity, where the ore
is contained, through a paffage left open for it,

Spelter bears fome analogy in its properties
to bifmuth. It is produced near Goflar in Ger-
many, after this manner. There are lead mines
near Goflar, which contain a particular kind of
ore. It is a ftubborn one, very difficult to melt,
From this ore fublimes in the melting a fub-

U 4 ftance,



296 A COURSE  ParrlV,

ftance, which is found, after the melting is o-
ver, fticking to the infide of the furnace, This
fubftance they thake down into a fmall fire made
at the bottom of the furnace; where it melts.
This is {pelter. The principal confumption of
bifmuth is by the pewterers, who make with it
a kind of folder.

Spelter is chiefly ufed for {oldering by the
copper-fmiths, and braziers ; and for making a
mixt metal much in ufe; now ufually cailed Bath
metal; but formerly prince’s meral, the inven-
tion of it being afcribed to our prince Rupert.

Spelter is remarkable for wafting in flame,
when melted.

Antimony, the third mineral now under con-
fideration, comes to us prepared only by melting
‘down the ore, and cafting it into molds ; where-
by the antimony is feparated from the loofe
earth, wherewith it may be mixt.

But this antimony {till refembles more a me-
talline ore than a metal; by other methods-a’
metallic part i1s feparable from it, as much re- (.
fembling a metal as bifmuth and fpelter ; but
brittle and even lefs :_:apablf: of bearing the ham-
mer than {pelter.

Antimony confifts of two parts A fulphur
not very different from common brimftone, and

another part, as has been now faid, which may
be
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be made to appear under a metallic form, ex-
cept that it is not malleable.

‘We have {een nitre inflame with fulphur, In
the fame manner nitre will burn out the fulphur
from antimony, and leave the relidue a calx,
(called diaphoretic antimony defcribed already)
which may be brought to a metallic form. For
this purpofe it is only neceffary to melt it with
fome inflammable fubftance. The metallic bo-
dy thus produced is called the regulus of anti-
mony ; and being taken into the ftomach vo-
mits very ftrongly.

If only equal quantities of nitre and antimo-
ny were mixt, and thrown together into a hot
crucible, the refult will exhibit a fubftance
ftrongly emetic, though it will be a litcle lefs
violent than the forementioned regulus of anti-
mony. This preparation, ufually called hepar
antimonii and crocus metallorum, is named in
our prefent pharmacopceia crocus antimonii.
The practical chemifts have gradually reduced
the quantity of nitre to half the weight of the
antimony, and only fet the mixture on fire.

The emetic quality of this medicine will be
rendered yet fomewhat more moderate by boil-

ing it with an equal weight of the cream of tar-
tar, till they are united. This mediciae is call-
ed tartarum emeticum,

The
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The regulus of antimony is not ufually pre-

pared in the manner propofed ab{wt. The pro-
cefs 1s fhortened thus.

Antimony and tartar and nitre being mixt in
due proportion ; this mixture by little and little
is to be thrown into a hot crucible; and when
the whole 1s put in; it muft remain in the fire,
till all fparkling ceafes, and the matter is well
melted; ‘then being poured out into a warm
iron mould a little greafed, as foon as cold a
compact metalline fubftance will be found at
the bottom, which ealily feparates from what
is over it. This is' calied the regulus of anti-
mony.

The quantity of tartar ought to be equal to
twice that of the nitre, and the antimony may
be from an equal weight with the tartar to'a
third part more.

Iron alfo alts very firongly on fulphur, and
there is another method of feparating this regu-
lus, by the ufe of that metal.

Take any quantity of antimony and about
half as much iron. Let the iron be heated in
a crucible till it becomes red hot ' then let the
.antimony be thrown in upen it 'When the an-
timony begins to flow, let nitre be thrown upon
it by degrees, till the quantity thrown in equals
near a quarter part of the antimony.  After this

let
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let the matter flow with a ftrong beat ; then the
iron, being corroded by the fulphur of the ‘an-
timony, flows along with the reft of the mate-
rials into one uniform fluid mafs. When the
matter fows like water, let it be poured out as
before ; and a large quantity of regulus will be
found at the bottom. Melt this regulus again
and throw in upon it a fourth part as much
frefh zntimony, as was firft ufed; and, when
this alfo melts, add as much nitre as before;
and, when the matter flows with a ftrong heat,
let it again be poured out, and a regulus will
be found at the bottom with frefh drofs or {co-
rie€ at top.

Let this regulus be melted again with the
{fame quantity of nitre alone, and frefh fcorize
will feparate from it.

Let the regulus now produced be melted a-
gain with the fame quantity of nitre, and more
{fcori will feparate, In thefe two operations,
efpecially in this laft, the matter muft low with
a very ftrong heat. But, if the heat be very in-
tenfe, it muft not be too long continued, left
the antimony corrode the crucible, and be loft.
If the heat is more moderate, a longer continu-
ance of it will be neceffary, If the procefles
have been well performed, there appears now
vpon the regulus a kind of ftar.

The
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The regulus of antimony, as I obferved a-
bove, 1s an exceeding ftrong vomit; and has
this remarkable property, that infufed in a li-
quor it communicates its emetic quality in pro-
portion to the quantity of the liquor, and not
in proportion to the quantity of the regulus in-
fufed. This however is no more than, that the
liquor will imbibe only a certain quantity from
the regulus; and when faturated will receive no
more. What the regulus parts with is very mi-
nute in quantity, and not to be difcerned under
a long time,

Of this regulus cups have been made, in
which liquor being poured would in a night’s
time acquire an emetic quality. The regulus,
that has impregnated wine with an emetic qua-
lity, will ftill impregnate more wine with the
fame quality,

If we confider, how vaft a quantity of liquor
will receive the emetic quality from a fmall por-
tion of the regulus, it will appear to be a dan-
gerous medicine to be given in {ubftance, for
the vomiting will ceafe only by the medicine’s
being totally returned out of the body.

The fcori feparated from the antimony in
preparing the regulus have alfo an emetic qua-
lity, and will run, beingexpofed to a moift air,
into an emetic liquor; efpecially the fcoriz in

the
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the latter way of making the regulus, This li-
quor is called the golden oil of antimony from
its colour. Thefe fcoriz receive their emetic
quality from fome portion of regulus contained
in them; for, if they are melted again with a
little tartar or charcoal duft, more regulus will
{fubfide from them.

Antimony is one of the beft materials for the
perfe@ purification of gold ; for if this mineral
and impure gold be melted together, the ful-
phur of the antimony will unite with and retain
every other metal, with which the gold may be
mixt, while the gold fubfides, accompanied with
fo much of the reguline part of the antimony,
as its fulphur has quitted ; and this regulus i
a ftrong fire will fume away, leaving the gold
pure.

To the prefent clafs of fubftances arfenic is
moft properly to be referred. It refembles an-
timony in an emetic quality, but is fo vielent
as to be an almoft inevitable poifon to every
creature, that fthall have taken it into the fto-
mach. Calcined with nitre it lofes its altivity
altogether, and becomes a harmlefs calx ; melt-
ed with iron it yields a metallic part, from its
refemblance to that part of antimony, ufually
called the regulus of arfenic,

4 Arfenic
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Arfenic 1s contained more or lefs in moft
mundics; but is ufually extracted from a parti-
cular kind called cobalt. €cbalt calcined and
mixed with fand is ufed by the potters under
the name of zaphor, being their bluve, Za-
phor melted wich an alkaline fale is fmalc.
In the calcination arfenic rifes in {moke, and
is collected in a long and winding chim-
ney, where it fettles in the form of a white
flower.

Some cobalts are unfit for making fmalt
or zaphaor. But from thefe alfo arfenic is fub-
limed. As arfenic in 1ts firft {ublimation
rifes in form of flowers, it is-fublimed over
again from iron pots into an earthen cover
of a cylindrical fhape, where 1t unites into
a cake in the form in which it is imported
hither.

This arfenic is white. There are two com-
pofitions made from this; one called yellow
the other red arfenic. The yellow is produced
by fubliming white ar(enic with a twentieth part
of brimftone, red arfenic is the refult of the
like procefs with twice the quantity of brim-
ftone, and a farther addition of a particular
kind of cobalt, called in the German language
kupfer nikel.

Black
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L'EC T URE, XXIL

HEN gold or filver is melted with 4
ftrong heat ; if they have any mixture
of another metal, that other metal will be feen
to burn upon its furface, Now it is to be ob-
ferved of metals and their calxes, that melted
metals mix with each other, but not with other
fubftances. For inftance, if fand, earth or ftones
be put into melted lead, they do not at all in-
corporate with it 3 but when the calx of lead of
of any other metal is melted, it then unites
freely with thefe earthy fubftances, but not with
any metal, not even with its own. Iron indeed
being in fome meafure of an earthy fubftance
joins more with {uch fubftances than other me-
tals: this is the reafon, that melted glafs will
ftick to this metal, though to no other.

Thus, when unfine guid or filver is meltcd
the metal mixt with them, as faft as it burns to
drofs, feparates from them. However lead vi-
trifying much more eafily than any other metal,
if this is mixt with the unfine filver or gold in a
large proportion; while it burns from them, it

carries
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carries away all other bafe metals much mere
effeCtually than etherwife could well be done.

But the firft thing necefiary, in burning lead
into litharge, is to provide a proper vefiel to
contain it. The only materials, fit for this
purpofe, are fome kind of afhes free from any
{alts, fuch as the afhes of burnt bones, or of
vegetables, after their falts have been perfeétly
extracted. The afthes of burnt bones are moft-
ly ufed. Ifthe veflel, wherein the lead is put,
were made of any other materials, they being
more ealily vitrifiable, would be melted down
by the lead, and let out the meral.

The refiners prepare a veflel with thefe afhes
after this manaer : they ram them hard into an
oval iron ring, and by {craping out a cavity form
a kind of fhallow difh. This they call a teft, it
is alfo called a cupel. This telt they place un-
der a chimney, where a large double pair of bel-
lows are fitted fo, as to blow cloie overit. Into
the cavity of this teft they put their metal toge-
ther with a little charcoal to begin the fire: cver
all they lay large billets of oak ; which, taking
fire, burn all the time of the operation. They
prefer oak to other wood, becaufe it will burn
longer, before it 1s confumed. When the me-
tal is upon the point of melting, they put in
lead upon the metal. Upon the approach of

X the
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the lead, both metals foon melt down together,
‘and by the intenfenefs of the heat the lead burns
up to litharge. In a {maller heat lead would
have a drofs gather in a {kin upon the top of it;
but in this great heat the drofs melts, and flows
like drops of oil upon the metal. - This is li-
tharge. On the fide of the difh oppofite to the
bellows is a hole pierced through, at which the
litharge may pafs out, and as foon as the work-
man perceives litharge to rife, he {crapes away a
fhallow channel in the teft leading to this hole.
The litharge, blown toward this channel by the
bellows, paffes off, and drops under the teft.
And this litharge carries away with it all bafe
- metal, wherewith the filver or gold may have
been mixt.

Silver and gold are refined in eflays after the
fame manner.. Here it is ufual to put the fil-
ver or gold to be tried upon a fmall teft made
with the afhes of bones or horns, and place it
either fo, that the flame of a wind-furnace may
draw over it, and confume the lead melted with
it, or elfe to place the teft under a veficl, we
formerly defcribed, called a mufile, and heap
charcoal over it in a furnace ufually made of
iron, and called from this office of it an effay-
furnace. This furnace we have before defcribed,

and now we fhall fee the manner of ufing it.
i e In
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In this operation the litharge foaks into the
teit.

Tefts are made of bone-athes in the greater
works, becaufe they are a material, which will
contain the lead long enough without vittifying,
But thefe afhes are adapted for effays upon an-
other account alfo. ~ They adhere together but
lofely ; by which means the veffel is a porous
body, fitted to imbibe the litharge, as it is form-
ed. Some compofe eflay-tefts of wood-afhes
carefully wathed from their alkaline falt, only
covering the cavity with bone-afhes, and thefe
tefts are more porous than the other, whereby
they fhorten the operation ; but thefe dry lefs
perfeétly than thofe of bone-afthes, and therefore
require much longer annealing, before the lead
is put into them. Though thefe vefiels of what-
ever material they are made, fhould be well
heated before the operation : for as long as any
moifture remains in them, they will throw up
particles of lead, which often fall out of the
veflel, and by carrying a proportional part of the

filver with them falfify the effay.
- In thefe effays it is neceffary to make ufe of a
quantity of lead, amounting at leaft to eight
times the weight of the metal to be refined, if it
contain about a twelfth part of bafe metal : and
X 2 if
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if it be coarfer, a greater quantity of lead mu&

be added.
i | 2 gnld and filver are mixt together, after

they are purified by lead from all other mixture,
the effay is finithed with aqua farns, as we iha[l
thew hereafter.

I have already hinted, that the ufe nf' lead in
refining filver and gold arifes from its eafy vitrifi-
catibn, whereas the other metals, if alone, vitri-
~ fy with difficulty ;' but when mixt with a large
portion of lead, they are divided into fo minute
parts, that the fire operates more ftrongly upon
them. By this means copper, the metal moft
ufually mixe with filver, will vitrify, and, pafs
away with the litharge, whether the litharge be
blown off, asin the greater npcmtlﬂns, or it bc
foakt up by the teft, as in effays. :

Iron will not mix with lead, and therefore is
quickly feparated, lying upon the t::»p of . the
lead, and there wafting,

Tin1s moft dlﬂicult to free from filver, and
more fo from gold. This arifes from its refift-
ance to vitrification, 1 have taken notice, that
the burning-glafs, which vitrified gold, would
not produce that effect perfectly upon tin. = For
this reafon the tin rifes prefently upon the lead
in the form of dmfs a,ﬂd l:hf:rf: will lie without
| | Rk burn-
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burning away. And in this condition is not-fo
perfeétly calcined, but that it holds yet a por-
tion of the t:lver or gold adhering to it. |

The moft effectual method of performing
this feparation 1s to mix the mafs with twice as
much copper, as there may be of tin in the com-
pofition, and when the tin rifes upon the lead to
take it off, and. mixing it with glafs of lead to
proceed with it, as Ia ﬁﬁ'a}mg an ore,

The greateft-part of lead ores contain a por-
tion of filver. This melts out from the ore
with the lead ; and is often in fo large a quanti-
ty, as to be extracted to profit. In this country,
where foffil coals are ufcd in the lead works, }.ht:
operation is performed in this manner, A teft
~ of the fame form, and made of the fame mate-
rials, as that employed by the refiners of filver,
but much larger, is placed in a furnace, where
the flame of the fire draws over it, by the heat
whereof the lead is burnt into litharge, which is
drove to one end of the teft by the blaft of large
double bellows; that blow conftantly over the
furface of the lead; and here the litharge falls
out of the teft by a hole cut through it for that
purpofe, as.in the refining of filver before de-
{cribed. Andas the lead waftes, whereby it would
fall too much below this hole for the litharge to
pafs into it, they fupply the lead from time to

X 3 time
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time moft ufually by thrufting in the end of a
bar of lead, which melting, as it comes over the
lead, {upplies, the wafte of it.

There not being a demand for all the litharge
made, the greateft part of it is reduced into lead
again by this means. The litharge is put into
a revetberatory furnace, like that, we fhall
hereafter defcribe, wherein the ores of lead,
and other metals are {melted, and being fpread.
abroad is covered with fmall coals. Then it is
heated for fome time ; after this 1t 1s ftirred vp,
and more coals being thrown on, is heated for
fome time longer; by this means all the li-
tharge will have changed its form, and lead be
found in the furnace in its ftead. Where ores
are fmelted with charcoal, they reduce litharge
by throwing it into a melting-furnace mixt with
charcoal as in {melting ores. The charcoal re-
duces it. In thefe places the lead is burnt into
litharge by putting the lead into a fhallow bed
made of bone-athes laid over a large hearth
built of brick or ftone. To the bed an iron
cover is fitted, and they melt, and burn the lead
by wooden billets, which are thrufl in over the
lead, and the blaft of the fame bellows both
maintains the fire, and direéts the litharge to its
exit,

i
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If filver be mixt with a large quantity of cop-
per, which often happens in the mines of Ger-
many, where many ores are found containing
both metals ; there is a method of feparating
them without deftroying either metal. This is
by melting down the compofition with a quan-
tity of lead, and then expofing the mixture to
fuch a heat, as fhall melt down the lead without
melting the copper. By this means the lead
will run from the copper; and carry the filver
out along with it.

This is performed in a furnace of a particular
make. This furnace is a long concave floor, with
a channel running lengthwife through the middie
of it. Cakes of the mixt metal are laid upon this
floor, and, as the metal heats, the lead melts
down into the channel underneath, and thence
runs outinto a bafon made to receive it.

X% L E Ca
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LEeQ P U R E XX

EFORE we take leave of the effects of fire
upon the mertals, and metallic bodies, it
will not be improper to follow them into the
fhops of artificers, and make a few remarks
upon fome of the operations, which they there
undergo. But we muft firft take into confider-
ation two eminent changes wrought on two of
the metals, before they come into the artificer’s
hands : I mean the converting coppcr into brafs,
and iron into fteel.

; Copper i1s made brafs with 2 mineral called
calamy or lapis calaminaris. This mineral is
fic{t calcined, that is, heated red-hot in the fire,
but no more. Then itis powdered, and mixed
with twice its meafure of charcoal-duft. In this:
mixture is fet edge-wife pieces of copper-plates
to the amount of two-thirds of the weight of the
calamy. This mixture is heated together for
fome time ; at length the heat is made fo ftrong
as to melt the copper.  As {oon as that is done;
it becomes brals, and is increafed in weight:

One hundred pounds of copper produces one:
hundred and forty pounds of brafs. If the

copper
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copper be more minutely divided, it will imbibe
more of the calamy, and acquire a farther in-
creafe in weight. For this reafon fome granu-
late their copper, by pouring it melted into wa-
ter. The brafs is caft out into fheets be-
tween ftones.  The only ftones once ufed here
for thefe moulds were brought from France, be~
ing dug from a quarry near St: Malo’s. But
fince ftones found in Cornwall have come into
ufe for this purpofe. . The ftones are firft fpread.
over with loam and horfe-dung, and kept by
iron bars at the proper diftance to make the
mould.

‘The reafon-affigned for the neceffity of cafting
theet-brafs in thefe particular kinds of ftones
only, is, both that the loam adheres to them
better, than it would to many other ftones ; and
they' are alfo thought to be capable of giving
fome vent to the fume, which rifes from melted
brafs.

- Brafs, if made of good copper, is very malle-
able; but when made of coarfe copper, will
fcarce endure the hammer.

In the making of brafs, if there be added
to the other ingredients a quantity of old brafs
kettles, that have been long in ufe, and often
heated, the metal will be firmer, Without this

Fs i 3ddi-
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addition the brafs cannot be made tough enough
to draw out into fine wire. 1l xolds

The beft copper for making brafs is that, -
which has been refined fomething farther than
would render it moft malleable ; when the cop-
per in the phrafe of workmen is a little dry.
Brafs, by being kept a length of time red-hot,
will retutn to copper again.

The operation upon iron, whereby it is con<
verted into fteel, is a more ufeful invention than
this of making brafs. This is varioufly de-
fcribed. Agricola fays, it is done by foaking
wrought bars of iron for fome time in fulible
iron melted with the addition of a flux, that
melts it more freely, and then immediately
plunging them in water. In this laft part of
the operation, I fufpect, he confounds the mak-
ing of fteel with the method of hardening it
Steel is not diftinguithed from iron by its being
hard, but by its difpofition to be hardened
upon being quenched in water, when red-hot,
which is not.the quality of iron. Some writers
fay, fteel is prepared with the affiftance of the
hoofs and horns of animals. There isa method
in ufe analagous to this of giving the hardnefs of
fteel to the outfide of iron by coveringitover with

the thavings of horns or hoofs and quenching it,.
7 | when
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when hot, in water. After this operation a file
will not touch the outer furface of the iren,
though the iron within remain foft. In the me-
thod practifed in England for making fteel, no-
thing is added to the iron but powdered char-
coal. -

[ron bars are put into pots made in the form
of an oblong {quare. The bottom of the pot is
firft covered with charcoal-duft, then the bats
are laid in rows at fome diftance from each other,
and being covered with charcoal-duft, other
bars are laid in this ftratification being conti-
nued till the pot 1s fufficiently filled : then the:
whole mafs of bars is covered with charcoal, and
fand ftrewed over all, to prevent the charceal
from taking fire. Each furnace contains three.
of thefe pots, the fire being between them,
which is raifed gradually, and one or more bars
are fo placed in the pots, that they can conveni-
ently be pulled out from time to time; by which
the heat of the fire is judged of ; after a due time
the fire 1s let down, and the bars taken out when
cold, that they may not be wafted by fcales.
The bars, when converted into fteel, are often
found bliftered on the outfide.

Steel 1s of a more even texture than iron, and
for that reafon is preferred in fine works. But
the chief property of {teel, that diftinguifhes it

from
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from iron, is its growing exceeding hard by be-
ing quenched in water, when hot, {o as to be fit
for edge-tools, and be capable of cutting either
iron or fteel itfelf not fo hardened.

- If a piece of fteel is made red-hot, and then
fuddenly quenched in cold water, it becomes
hard and brittle like glafs. This brittlenefs is
diminifhed by heating the fteel again. But here
a fmall degree of heat only is to be given to the
fteel, and that different, according to the pur-
pofes for which the fteel is intended. In order
. to judge of the degree of heat the fteel is now to
receive, the workmen rub it bright, and efti-
. mate the heat by the colours, which arife 'upnn
it. At firft it turns a little yellowifh, then of a
deeper colour, and at length blue. The firft
colour, before 1t becomes deep, is the proper
colour for gravers, files, drills, mafons chiffels,
razors, lancets, pen-knives, &c. for carpenters
tools, that cut wood, the heat may continue
. till the colour be a little deeper, as alfo for the
tools wherewith fcrews are made.  If it be heat-
ed till in the dark 1t look of a very dull red, and
..no longer, it 1s a {pring. Farther heated than
this, it becomes foft again. In this temper
fteel is the firmeft to refift any force. When
harder than this, it i1s more or lefs brittle; when
fofter, it will give way, and bend with lefs

force.
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force. For this reafon the tools, that 'car-
penters, and others ufe to turn fcrews with, are
made of fteel fet to this temper, r:_ir rather left
in a fmall degree harder.  This fpring-temper
may be given to fteel another way"; by putting
the fteel, after it has been hardened, into oil,
and heating the oil over a fire till it flames ;
then the fteel taken out will have acquired 'a
{pring-temper. The moflt common method
ufed by workmen in making a fpring, is to heat
it a little over a fire, then rub tallow upon it,
and hold it again over the fire, till the tallow
flames. But this method is not fo fecure as
_thofe, I have now defcribed. Springs have
very often a blue colour given them for orna-
. ment. This is done after the fpring is made,
by brightening it, and then heating it, till it

acquires this colour. This pra&tcc has occa-
_fioned Mr. Boyle and others to miftake, and
conclude, that the degree of heat, whereby
hardened fteel is brought to this colour, makes
it a fpring 3 but wu:h th:s heat alone it will be
too brittle.

If a fpring, after it is made, happens not to
ftand bent quite according to the defign of the
workman ; by bending it forcibly into the de-
fired form, and in that thape heating it, till it
bfcume blue, and kceplnu' it thus nll cold, the

fprmg
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fpring will retain the fhape given it, without
lofing any of 1ts ftrength as a ipring ; it will ra-
ther be ftiffer. Thisis an artifice very neceflary
to the watch-makers. The axes of watch-
wheels are made of fteel wire feg to a fpring-
temper., They firft turn them nearly true, then
harden and temper them. But {teel in harden-
ing is very apt to crook. When this accident
happens in their work, they muft proceed, and
give the fpring its temper, before they can
ftraighten it again. When it is brought to a
{pring-temper, they ftrike gently upon the hol-
low {ide of it with an edged hammer, The
hammer by cutting into the fteel ftretches out
the hollow fide, till the work becomes ftraight.
Then they blue it, and when cold turn off the
cuts without any fear of it returning to its firlt
fhape: But if the {teel does not keep perfeétly
{traight, the procefs repeated a {econd time is
fure to reétify 1t fully.

When it is neceflary for harder fteel to retain
its figure exaltly, they firft unite the fteel to
iron, that no greater part of the inftrument be
fteel, than where the hardnefs is required.
Then, if the fteel has any thing altered its figure
in hardening, after it is brought to_its temper,
they can bring it back to its figure by fome"
blows of 2 common hammer ; for the iron will

give
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give way, and hinder the fteel from fpringing
back again, and the fteel how hard foever, will
bend without breaking, as mach as is ;}_rclinari]y
required in this cafe.

Steel is more fubjett to crook thus in harden-
ing, when over-heated. Care fhould be takea
to eftimate rightly the degree of heat in giving
fteel its firft hardnefs upon another account alfo :
for if the heat be too fmall, the fteel will not be
hard ; if it be too great, the fteel will become
{o brictle as never to recover a proper degree of
toughnefs. It is better to fall thort in this heat
than exceed ; for, if the heat be not ftrong
enough for the fteel to be hard, the procefs may
be repeated over again without damage to the
fteel ; bu if the fteel be over-heated it is fpoiled.

Steel fhould not be forged with quite fo great
a heat as iron. |

- Thole, who. make files, ufe an artifice, where-
by they harden ‘great numbers at once. They
have an iron pipe and a rod, that fitsit. They
wrap up in wet Joam a great bundle of files with
this pipe in the middle, and by drawing out the
rod from time to time, they judge of the heat
of the whole bundle. The difpofition of the
fteel to harden by the fudden application of cold
to it, when hot, makes a particular manage-
ment neceflary, when it is defired to have cold

fteel
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fteel as foft as poflible.  For this purpofe, when
it is heated of a dullifh red, they bury it up im-
mediately in hot afhes, and there let it cool.
Thus by keeping the hot fteel from the contaét
of the cold air, it will be fofter, and cut better
either under the file or graver than otherwife.
This js called annealing it,

I fhall next confider the compofitions ufually
made with metals.

Silver and gold when pure, are fo foft, that
hardening them in fome degree is convenient to
fit them better for the ufes, to which they are
put, either for coin or plate. Silver is thus
hardened by a fmall mixture of copper; gold
by copper or filver or by both together. In our
mint copper is the metal ufed. The metal thus
added is called the alloy. By ftandard filver,
and gold is meant thofe metals with that portion
of alloy, which is allowed by law.

The ftandard for our filver coin was moft an-
ciently eighteen penny-weights troy of alloy to
eleven ounces and two penny-weights of fine fil-
ver: and the fame ftandard is in ule at this day,
This is three parts in forty of the whole in alloy,
that is near one thirteenth. Some years paft it
was enacted, that all wrought plate fhould be
finer, and not have more than half an ounce of
alloy ina pound of the whole. This is called

' the
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“the new ftandard. This regulation was con-
ceived to be a means to hinder thé filver coin
from being melted down by the filver-fmiths,
But a portion of fine filver mixt with the ftand-
atd of the coin will readily reduce it to the new
ftandard. And as this fmall alloy leaves the
plate teo foft, it has fince been made lawful to
‘make plate of either ftandard.

The ancienteft ftandard for gold was no more
than one part in one hundred and ninery-two of
" the whole in alloy.” In the firft year of Henry
the eighth fome fpecies of gold coin had one-
twelfth of the whole in alloy: and from the
reign of king Charles the fecond, when guineas
were firlt coined, all our gold money has this
alloy. In the reign of Henry the eighth and
Edward the fixth we had both gold and filver
coins made of much bafer metal than the prefent
ftandard, and varied with fuch irregularity, that
in one of the coinages of Edward the fixth in
exchanging gold coin for filver a man would not
receive above double the weight of his gold in
pure filver. ,

Copper by a mixture of tin makes the metal
for bells and for what are called-brafs cannon.
For bells one part of tin for four of copper, but
for cannon not above half fo much tin is ufed.

Bells are rendered yet more fonorous by the ad-
Y dition
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dition of a little fpelter, This compofition. ig
mace ufe of in the fine bells of ftriking-
watches. ; -
It is remarkable, that tin, though itfelf a foft
metal, greatly adds to the fonorous quality of
other metals. Tin mixt with twice its weight
of lead compoles the metal for organ-pipes.

~ Lead mixt with copper in the proportion of
one part of lead to four of copper makes, what
is called pot-metal, ufeful in coarfe works,
This metal is harder than copper, or even
brafs.

Copper requires a great heat to keep it intire«
ly fluid, fo that, if it be melted ever fo perfe&-
ly, it very foon congeals, after it is outof the
furnace, For this reafon it is fcarce peflible to
caft any great work of copper alone, efpecially
if the work has many inequalities in it. .Sta-
tuaries therefore never attempt to caft ftatues in
pure copper ; but ufe always a more fluxile me-
tal by compounding the copper with fome other
metal. FEither brafs, tinor lead will anfwer this
end ; and thefe compofitions are in general call-
ed by the name of bronze.

Brafs with fpeleer 1s the compofition«of Bath«
metal.

Nine parts or mote of tin with one of the re-
gulus of antimony compofes pewter.

I : _ Metals
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Metals are alfo mixt to make folders, where-
with to join other metals together, It is res
quired in folders, that they melt fooner than the
metal to be foldered, and that they approach as
fearas may be to the metal foldered in hardnefs,
and colour. '

Iron is ufually foldered with brafs alone.,

Lead 1s foldered with a mixture of two parts
lead with one of tin. The foldet of the tin-men
is equal parts of lead and tiny the other not ap-
proaching near enough to the tin in colour.

‘One part of brafs, and two of fpelter make
that, which is ufually calied {pelter-folder,
wherewith iron, brafs and copper may be fol-
dered together. This 1s the folder ufed by the
braziers and copper-fmiths.  This folder is im-
proved, by adding to each ounce of it one pen-
ny-weight of filver.  This folder melts not with-
out a confiderable degree of lieat. Therefore
this folder cannot be ufed, where it is inconve-
nient to heat the work red-hot. In this cafe
therefore copper and brafs are foldered with
pewter,

Two parts of {ilver and one of brafs will melt
{fooner than eicher filver or brafs, and therefore
is ufed in foldering either of thefe metals.  This
is ufually called filver-folder. This folder is

Y2 ufed
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uled to folder pieces of brafs together, by thofe
who make the finer kind of works in brafs.

Both filver and gold melt fooner by having
‘more alloy, and therefore by a folder. of fuch a
compofition may be foldered. The nearer the
folder comes in finenefs to the metal, the greater
care is required, that the work melt not in fol-
dering : but the nearer will the folder appruach
to the work in colour.

The pewterers ufea kind of folder made with
two parts of tin and one of bifmuth. This com-
pofition melts with the leaft heat of any of thc
folders.

But in foldering fome artifice 1s neceﬁ'ary to
make the folder and metals adhere.

All the metals except filver and gold upon
melting, or before, are covered over with drofs ;
and all the folders have fome of thefe metals in
them. This drofs hinders the folder and metal
from uniting ; for I have already obferved,
that metals unite ealily with each other, but
not with their drofs. Therefore it is neceffary,
that this drofs be removed. This is not per-
formed in all foldering by the fame materials.

The plumbers effect this with greafes - They
firlt greafe their lead, where they defign the fol-
der to adhere, then lay the {older on and melt it

with
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with ahot iron. What drofs, the melting gene-
rates, unites with the greafe and flows away
from off the melted metal. The glaziers and
tin-men ufe rofin in powder for the fame pur-
pofe; for all inflammable fubftances, that will
melt, are equally conducive to this ufe. I have
before obferved, that the droflfes of metals,
when vitrified, feparate clean from the metal ;
but before, while lefs perfectly calcined they
adhere a little. Now thefe {fubftances, thatin a
proper degree of heat, will reduce the calxes of
metals back to their metallic form, in a lefs heat,
will fo join with the calx as to caufe it to fepa-
rate clean from the metal.

Always in foldering the metals muft be made
very bright, where the folder is to take hold
of them: for any dirt or foil will prevent the
adhefion.

Analagous to this method of foldering is
that, whereby iron plates are covered over
with tin ; for making the tin ware fo much in
ufe.

In Germany thefe plates are hammered out
under a large hammer. The hammeris a very
heavy one, lifted by a water-wheel, and the plates
are not brought under it fingle, but a great
number together ; and that each may receive
an equal battering from the hammer, they

¥ 3 are
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are continvally fhifted among one another by
the workman, that holds them to the hammer,
whereby each in its turn only receives the im-
mediate blow of the hammer, In England we
roll them out, when red hot, by a mil between
iron rollers.

Thefe plates are fcoured bright with fand,
being firlt foakt in a weak kind of vinegar, then
are dipt into a pot of meltedtin covered over
with fat; fo that the plate pafies through the
fat in going into the tin. When the plate is
drawn up a thin covering of tin adheres to it,
The fat is fitteft for the purpofe, when it has been
firlt fried black, whereby a patt of its watry hu-
midity has been evaporated.

Copper and brafs are covered over with tin
by the helpof another material, fal ammoniac,
which alfo contains fome portion of an in-
flammable {ubftance, for thrown on nitre it
flames, .

‘The copper or brafs being made hot enough
to mele tin laid upon it, is ftrewed over with
fal ammoniac, and the melted tin rubbed about
the plate, The fal ammoniac licks up the drofs
- of the tin, and leaves the tin to flow freely upon
the metal, The fame material is ufed, when
copper or brafs 1s foldered with pewter, The
work is firt wafhed with a folution of fal amme-

niac
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niac in water; then heated juft hot enough to
melt the pewter, and the pewter applied to the
joint to be foldered.

In foldering, that requiresa greater heat, bo-
rax is the material ufed. In this cafe the borax
by a great heat melting into a kind of glafs
unites with the drofs of the folder or the other
metals, and feparates it clean from the metal.

Silver and gold produce no drofs in our firess
eold therefore can be joined to filver with heat
only without any medium. Thus filver bars
are gilt, before they are drawn into wire. Thin
leaves of gold are fpread out upon a table, the
bar of filver made pretty hot is rolled upon
them, and they adhere, Then the bar is heated
red hot, and rubbed, till it is cold, with fmooth
ftones.. After this the gold adheres fo firmly,
that it never leaves the furface of the filver,
though the bar above an inch thick is drawn out
into ah exceeding fmall wire. Dr. Halley has
computed, that the gilding will be thus extend-
ed upon filver wire, till it be lefs than one-hun-
dred-thoufandth part of an inch thick.

Among the mixtures made with metals muft
be reckoned the amalgamating them with quick-
filver. This metal will unite itfelf wich all the
reft, except iron; though not very freely with
copper. Quickfilver will unite with fo much of

g the
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the other metal, as to form a foft confiftence
between the fluidity of quickfilyer and the fo-
lidity of the other metal. All thefe compofi-
tions are called amalgamas.

The facility, wherewith quickfilver unites
with léad, has given occafion to the adulterating
it with that metal. To make an amalgama ex-
peditioufly it 1s only neceflary to heat the quick-
filver, and either melt the other metal, or at
leaft make it red-hot; and then to pour on the
quickfilver. But the moft convenient method
for gold, filver, and copper is to diffolve the
metals in an acid {pirit, and then precipitate
them again by another metal capable of produ-
cing that effeét. By this means the metal will
be reduced into more fubtle parts than by any
other method whatever; and quickfilver will
then very readily unite itlelf with the other
metal,

However quickfilver will unite itfelf, though
not {o expeditioufly, with lead, tin, gold, or fil-
ver, if any of thofe metals are put into it cold.
Looking-glafies are covered over with an amal-
gama of quick-filver and tin. A thin fheet of
tin is firft {pread out upon a flat marble laid to
a true level, Thele fheets of tin are hammered
out under a heavy hammer, as the iron plates are
bammered out for tinning, They are not thicker

than
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than the thickeft fort of whited brown paper.
Upon fuch a fheet of tin fpread out they pour a
little quickfilver and with a cloth and hare’s foot
{pread it equally over the tin.  Then they pour
more quickfilver on, and with an even hand
flide the glafs over it. As foon as this is done,
they fet two or three brafs weights about the
glafs to keep it fteady, and then incline the
marble for all the ufelefs quickfilver to run
off. In the laft place the glafs is covered
over with weights, of about feven pounds a-
piece, as clofe as they can ftand by each other.
In three hours time the foil adheres firmly to the
glafs,

I have a little before obferved, that filver
might be gilt by barely laying on leaf-gold
upon it and rubbing it hard on, the filver be-
ing made red-hot. In works, where fuch
heating and forcible rubbing are not proper,
the gilding is performed with an amalgama of
gold and quickfilver; this being fpread over
the filver, and then the filver heated in a {mall
degree, that the quickfilver evaporate, the gold
will remain behind, and with a burnifther is
rubbed fmooth. A burnifher is only a piece of
fteel fet to the temper fit for the hardeft edge-
tool, and polithed very {mooth,

Thus
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Thus are gilt both filver and brafs. There
is another artifice of giving brafs a golden co-
lour; called lackering. Thisis dene by pafling
over the brafs, whén a little warm, a brufh
dipt in a folution of gum lac in {pirit of wine
tin&tured by fome material that fhall give it the
defired colour.

LEC.
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LECTURE XXIV,

THE CONCLUSION.

E have now gone through the opera-

tions of chemiftry upon the feveral

fubjeéts, that come under its cognizance, by

which we may obferve the great extent of the

art. It takes under confideration all parts of

the creation, that are within our reach to operate
upon.

We may farther learn this from the whole,
that the powers of nature, by which ifs opera-
tions are performed in the fmall parts of matter,
are very few and fimple.

The firft operations of chemiftry purfue the
analyfis of bodies, till the moft compound areé
reduced to five principles, water; fpirit, oil;
falts, and earth. A more caréful éexamination
has indeed difcovered a fixth, a vapour fimi-
lar to the air we breathe. But moft of thefe
are found to be compound {ubftances, and
may be reduced to a fmaller number of prin-
ciples,

The
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‘The {pirit and falt are only fome ative power
joined to one of the other principles. Salts
are only fome altive power joined with an
earth ; {pirits fome altive power joined with
water. This power we have found, when join-
ed with water only, to appear under the form
of an acid. But the vinous fpirit is here to be
excepted. This {pirit partakes more of the na-
ture of an oil. |

Oils part vifibly into earth, and fpirit or
water. At the fame time they lofe a portion
of air, and ceafe to be inflammable. The air
therefore is either the principle, which renders
them inflammable, or {feparates them from the
reft by the expulfion of the inflammable princi-
ple. At the moft therefore oils are divifible in-
to four principles, three of which are the fame,
as are found in other {fubftances.

There are other fubftances, in which this
principle of inflammability is found, that are
fome of them no lefs, others more fimple than
oils. All vegetable and animal f{ubftances are
reduced by diftillation to a black coal, wherein
this inflammable fubftance is united with earth .
and a fals, or with earth alone. The vinous
{pirit feems to be this inflammable fubftance
united with water 3 for if it be burnt flowly

under
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under a bell, as fulphur 1s burnt to obtain
its acid f?irit, a confiderable quantity of water
will be collected, and no inflammable {pirit.
With the fmall heat of diftillation fcarce any air
feparates from it. But if it be boiled, air fepa-
rates, This is moft commodiouily tried by a
glafs in the form of a thermometer; for if the
{pirit in the ball be caufed to boil, there is al-
ways found upon its cooling a bubble of air in

the ball, |
T his inflammable {ubftance is in bodies, that
do not burn. We have fhewn it beyond con-
tradi€tion to be in metals. And, if we con-
fider Mr. Boyle’s experiment upon water,
whereby he reduced it to a dry earth, (that
1s, calcined it like a metal) we cannot doubt,
but that water is held fluid by the fame prin-
ciple, as renders metals fluxible with a due
degree of heat. One of them, quickfilver,
remains fluid with lefs heat than will keep
water {o, and requires a gentle heat to cal-
cine it, as water does. 1 am informed, that
water has been calcined in a clofe veflel, by
ftanding a long time in a moderate heat,
much after the manner, as quickfilver is
calcined, only with this difference, that no
accefs of air at all muft be allowed the water,
left 1t fhould evaporate. Mr. Boyle’s method
of
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of converting water into earth is by repeated di-
ftllations. b

Upon thefe conliderations we may conclude;
that the bulk of all bodies confifts of particles
of matter, in different bedies diverfely figured
and compofed, which of themfelves are un-
active, Thefe we may call terreftrious or
earthy parts. Thefe appear to be actuated
by two principles at meft, the acid, and the
inflammable principle. This laft we fhall
call fulphur; as I apprehend this to be the
meaning of the word, when ufed with pro-
priety ‘in its philofophical {enfe, thouch no
word has been more loofely ufed by writers
than this.

We find the prefence of this fulphur necef:
fary to the form of bodies. Metals, when
divefted of a due portion of it by calcination,
lofe their metallic form ; animal and vegetable
fubftances, till deprived of this principle retain
their organic ftruéture; but no longer.

Farther, fir Ifaac Newton, in his treatife of
Optics, gives reafons for concluding, that bo-
dies act more or lefs upon light in refrating and
refle€ting it, in proportion as they abound with
fulphur. Sulphureous bodies alfo fooneft grow
hot. Now as heat dilates bodies, and at length
feparates their parts, diffipating the body in

{moke,

g -:_-F:_ﬂ- =
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imoke, we may confider fulphur as the au-
thor of the repelling force found in bedies ;
for this repelling force depends upon heat,
which operates moft immediately upon the
fulphur of bodies, as we have jult now faid.
Even the expanlion of the air depends upon its
heat.

Thus fulphur by the mediation of heat is the
author of the repulfive force feen in nature,
which is one caufe of the changes, bodies under-
go in the courfe of things: the other is the acid
principle. The particular power of this feems
to be the uniting other parts of matter with wa-
ter ; whereby the component parts of bodies are
transferred from place to place, and the whole
eeconomy of nature in the reciprocal refolution
and renovation of all fublunary beings Is:hrough
out the courfe of time carried on,

Thele are the general deductions to be drawn
from the operations of chemiftry.

I thall now put a conclufion to this Courfe by
fome particular remarks, that have not yet fallen
in our way.

In the courfe of thefe lectures we have had oc-
cafion to take notice of fomechanges madein the
tafte, {mell, and colour of bodies by the means of
fpirits and falts, Silver diffolved in {pirit of ni-
tre acquires an extreme bitter tafte, lead a fweet

one,
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one, whether diffolved in fpirit of nitre or in
vinegar. Sulphur diffolved in water either by
the help of lime or of an alkaline falt, upon the
affufion of an acid fpirit fends forth at once a
fmell extremely fetid refembling that of rotten
eggs ; ‘and changes from its red tinéture to a
white one.

But what relates to colours has not been yet
confidered fo fully as the fubject deferves. The
painters, dyers, and the workers in glafs have
received great affiftance in their coluurs from

the art of chemiftry. -
Glafs is coloured chiefly by metals or metal-

line fubftances, thefe induring the frongeft fires,
It 1s coloured yellow indeed by a vegetable {ub-
ftance, bran. But this glafs muft not remain
very long in the fire. It istinged blue by the
mineral fubftance before defcribed with arfenic
called zaffora or zaphor, of a fky-colour by cal-
cined copper, green by calcined iron, and red
by gold diffolved in aqua regia, There muft be
put a lictle common falt into the glafs along with
the gold prepared as above, otherwife they will
not unite. There is a remarkable incident oc-
curs in working this colour. That the glafs;
when firft taken up and blown, appears tranf-
parent like other glafs, but by being often put
Into the furnace and drawn out, the tinging par-

ticles
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ticles gradually affiemble together, and give a
colour to the glafs. Silver is of no ufe in this
art. It gives glafs a yellow colour indeed but
of a difagreeable hue. Glafs is tinCtured black
by magnefe, the fubftance wherewith they take
off its green colour, This fubftance in a {mall
quantity only removes the green hue natural to
glafs; but in a larger proportion dies it purple,
and if this purple is very intenfe, it appears
black.

The painters owe to white lead the ground of
theirart, It is their white. This calcined fora
time turns yellow and is called mafticot. They
have been of late indebted to chemiftry for a
very neceflary colour the Pruffian blue, Their
beft black is the coal of an animal fubftance
calcined. Ivory-black is ivory calcined.

The dyers alfo make a very general ufe of
alum and tartar; therefore the reafon for the
fundamental work of their art is to be taken
from chemiftry. Their colours are chiefly ex-
tracted from vegetables, difpofed to tinge water
of each colour. And their tinétures are prepared
without any particular artifice except in woad.
This vegetable after it is gathered, is moiftened
and preffed together, that it may heat, then
dried, and the fame procefs repeated two or three

times. An infufion of this by a mixture of
Z lime
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lime will flowly ferment. During the fermenta-
tion it dyes a blue colour. Alone 1t makes
only a fky-blue, but with a proper addition of
indico, the infpiffated juice of a fimilar plant,
the colour may be deepened to any degree,
The cloth comes green out of the liquor; but
by the contact of the air turns immediately blue,
The fineft fcarlet 1s dyed with cochineal, now
fuppofed to be an animal fubftance. To dye
with this colour requires fome acid {pirit, as I
bave take notice before. But it mut firft have
corroded tin, elfe it will deftroy the cloth,
There is alfo another circumiftance neceflary,
The dying muft be performed in a tin or pewter
veflel. Should one of copper or iron be made
ufe of, the {pirit would quit the tin and a& on
the veflel, and during that action would alfa
corrode the cloth,

The dyers have no material of a black tint,
wherewith to dye that colour, They dye that
colour with copperas or the like ferrugineaus:
{fubftance, and with an altringent vegetable, ufu-
ally with galls. For an infufion of galls, gra;
nate-bark, or any vegetable aftringent in water
added to a folution of copperas becomes imme-
diately black. Common writing-ink is made
by this means with the addition of a little gum
to make it more f{able upon the paper. ‘

: o By
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By this effect of vegetable aftringents upon
ferrugineous fubftances, medicinal waters are
ufually tried, how far they are to be efteemed
of the chalybeate kind.

It is from the art of chemiftry that we muft
learn the nature of mineral waters.

Waters, as they arife from the earth, are ge-
nerally more or lefs tinctured with the vitriolic
acid, which I have before obferved to abound
in the bowels of the earth. This acid is that,
which hinders foap from difiolving in {pring-wa-
ters: for all acids produce this effect in water.
The water, which has ran long in the channel of
a river, has met with fubftances, that imbibe this
acid. In their pafiage under ground they alfo
find fome portion of calcarious and other fub-
ftances, whereon the acid will operate: and as
I obferved formerly, that this acid acts ftronger
upon the alkaline faits, than on any other
fubftances ; fo we may find, thofe falts general-
ly make a precipitation from {pring-waters.
What precipitates is of the calcarious kind. The
fame incruftates veflels, wherein it is boiled.
That cruft well calcined heats and fmokes upon
the affufion of water litke common lime.

If thefe waters find any metallic parts, that
the acid will take up, the waters become medi-
cinal. Some exprefs great jealoufies about thefe

L2 waters,
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waters, left they thould contain lead, arfenical
parts, or the like pernicious ingredients; but
- of all metallic fubftances, iron and copper only
will be united with water by this acid. So that
mineral waters can contain no metallic fub-
ftances except iron or copper.  Ironis the moft
common ingredient. Where there is copper
the water has an emetic quality. Iron in thefe
waters is difcovered by the means, 1 mentioned
before.

The greater part of thefe metallic waters have
a {prightly fpirituous tafte, and fparkle upon
pouring out. It has much perplexed the en-
quirers into thefe waters to difcover the original
of this fpirituoufnefs. If the water ftands open,
this quality 1s foon loft. Butif when taken from
the fpring it be immediately confined clofe, it
preferves this {pirit a great while, unlefs it
chance to break the veflel containing it.

There are waters furnifthed very eminently
with this active fpirit, that have no metallic
parts in them. They co not therefore owe it to
them. All thefe fpirituous waters fhew figns of
being impregnated with alkaline parts. As I
obferved, that waters in the earth not only are
charged with an acid, but meet alfo with cal-
carious parts, whereon the acid will aét; thefe
waters rife out of the earth, before the fermenta-

tion

s
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tion is over, and the {pirit found in them is no
other, than what arifes in fermentations, If the
‘water is forcibly eonfined, that this fpirituous
vapour cannot expand itfelf, the fermentation is
reftrained, and the water kept in this ferment-
able condition a great while.

If thefe waters contain metallic parts the fer-
mentation graduaily deprives them of the acid,
- that kept them fufpended: for this reafon,
when chalybeate waters have lolt their {pirit, the
““irony parts are found at the bottom in the form
of oker.

When the fermentation has been ftrong, the
- waters rife warm,
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