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ரு து க கரடு 

%O. enlarge on the litérary abilities 
இ! - ஒரி the “iluftrions Author of the 

following Work would’ be :unneceflary + 
an aflemblage ‘of philolophical qualificas 
tions, very rarely found united in one pers 

fon, has long fince fuficiently eftablifhed 

his reputation.» But among the many en- 
dowments of this great philofopher, none 
is more con{picuous than the anxious cons 

cern’ he every where difcavers for the ad= 
yvancement of human happinefs, and:the 

earne({tnefs with which he applies the great 
powers of his mind to fuch |pamts as:may. 
beammediately applicable toothe ufes of 

‘Mou, 1, b life,



vi TRANSLATOR’S PREFACE. 

life. He defpifes barren and unprodudtive 
{peculation; he confiders fcience as defi- 
rable only fo far as it is beneficial; and 
proves himfelf, upon every’ occafion, not 

only the Teacher, but the Friend of man- 

kind. 

Works like thofe of Mr Bergman fhould 
have an univerfal circulation; they* are 

written not to the {fcholar alone, but to 

the artift, to the manufaCturer, and to the 

world in general. In prefenting the fol- 

lowing pages, therefore, to the Englifh 
Reader, the Tranflatar flatters himfelf he is 

acting in perfect conformity with the fen- 
timents of the Author, and the duty which, 
as an individual, he owes to the commu= 

nity. 

As the Author writes chiefly to thofe 
converfant in chemiftry; and as it re- 

quires more than a moderate acquaintance 
with fome of the lateft difcoveries, to be 
able to follow him through the whole of 
the Work; ithas been judged neceffary to 
add a few explanatory notes, fuch as may, 
render the book ufeful to thofe who are 

only
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only acquainted with the elements of the 
feience. An Appendix is accordingly fub- 

joined to each volume, which, though by 

no means neceflary to the accomplifhed 

and experienced chemift, will, itis hoped, 

prove confiderably ufeful to, the general 
run of readers, and thofe who are but 

moderately {killed in the knowledge of the 

chemical principles and art. 

Mr Bergman, in his experiments, has 

employed the Swedifh thermometer: and 
it has not been thought expedient to re- 
duce the temperatures, fo afcertained, to 

Fahrenheit’s {cale in the body of the Work, 

becaufe the degrees upon the Swedifh ther- 
mometer are not reducible to integral 

numbers upon that of Fahrenheit; but, 

for the accommodation of fuch as chufe 

to compare them, a plate is inferted, con- 
taining the Swedifh and the French ther- 

mometers, together with that of Fahren- 
heit, which is at prefent univerfally em- . 
ployed in England. 

~~ The Swedith meafures being alfo fo ad- 
jufted that they are not reducible exactly 
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ADVERTISEMENT. 

EE as diftance of the Tranflator obliged 
‘the publifher to calkgggg the ajfifiance of an- 

other perfon to fuper@end the prefs. That 
perfon, being unacquainted with the tranflator’s 

defign of adding annotations at the end of the 

volumes, was induced to add a few inconfider- 
able obfervations, fuch as his recollection could 
furnifh, during an hafty perufal of the MS. 
He, moreover, thought, that the addition of M. 
De Morveau’s notes would be acceptable to the 

Englifh reader. He accordingly has felected 
Such as afford any new views of the facts rela 
ted by the~duthor, or fupply any experiment by 
which the text is illuftrated. He has oimit- 
ted feveral that did not feem to contain much 
ufeful information. That no blame might be im- 
puted to the Tranflator, on account of thefe ad- 
ditions, he has been careful to diftinguifb thofe 
of M. de Morveau by his name: his own by the 
letter B. Thole murked C. belong to the Tranf= 
lator ; who has been obliged, on account of fome 

domeftic inter ruption, to defer the greater part 
of his remarks to the end of the 2 volume 5 

which will appear without de lay. The Author’ ம் 

notes and references are without a fignacure, 
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‘I. Of the Ania, கரை, p.t. 

Quid verum — — curo et rogo, et ommis in hoc fur 
Hor. 

This Differtation was read in 1774, before the Royal 

Academy of Sciences at Upfal; and the year following it 

was printed in the 2d vol. of the New TranfaGtions. 

§ 1. What is to be underfiood by the term | 

  

மாம் ம 2 - page 2 
2.°How pure Fixed dir is procured aD 
3. General Properties of Acids — - 9 

4. Aerated Water = - Io 4 
s. Fixed dir has an acid Tafte 2: 42 
6. Fixed Air acts like a weak Acid 14 
7. Aerated vegetable Alkali - 17 ¥ 
8. Aerated mineral Alkali - 24 | 
9. Aerated volatile Alkali - = 4284 

10. Aerated Terra Ponderofa உ: 20 
11. Aerated Lime - aes BNE 

12. Of aerated Magnefia - =i 43 
13. Aerated Clay ௪ cos 46 

14. Aerated Iron > ல . 40 

¥5. Aerated 44720: = உ ல 

௩0. .891:8281/. 1,477222776/2 - - gt 

௪ § 17. Union  
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§ 17. Union of fixed Air with other Metal} ate 

tempted ல - page 52 
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fixed Air - - - 55 
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in pure Alkilis = 58 

20. The fimple elective Attractions of jixed 
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II, Of the Anarysis of WATERS. ந. 90. 

Neque vero neglgentiorem fe circa aquarum facultates cogna- 

cendes exbibere convenit. Quemadmodum enim gufiu di ரிக 

runt, et pondere ac ftatione, Jie quoque virtute alie aliic 

longe praftant. Hiprocrares. 

The firft feven fe@ions of this Differtation were publicly 

defended by J. P. Scharenberg of Stockholm, on the 26th 

of June, 1778. 

§ 1. 4 brief Hiftory of the Analyfis of Ha- 

ters = - page 98 
2. The Examination of Waters highly ne- 

ees = 2 = 110 

be § 3. 4n
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Tales funt aque, qualis terra per quam fuunt. Puinivs, ~ 
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Fufla confeffione, omnes terre quoque vires aquarun fant 227724 
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remus. Cunétas enim quis mortalium enumerare gueat ? 

Purntus. 
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ஊண் OF THE INVESTIGATION 

lefs quantity than is fufficient to expel it all, and — 
2 degree of heat applied lefs than what is fufi. | 
cient to volatilize the vitriolic acid. In exami. | 
ning the bafe, the. fire muft be more intenfe, 
and a large quantity of vitriolic acid poured on, | 

_ that no part may elcape its action, which, mix- 

ed with the bafe, might obfcure its true nature ; 

Thus, unlefs the operations and the means be | 

adapted to the end propofed, we only every ie 

accumulate miftakes. 
(ற) Experiments /hould be made with the utmofe | 

poffible accuracy. 
Experiments which are only carelefsly and | 

flightly, obferved, frequently either do not illu 
ftrate the truth, or eftablifh errors. By weight, 

by meafure, and other fit means, all the princi- 

pal circumftances fhould be fettled, and all the 
phenomena carefully obferved. With refpe@ to 
facts, indeed, which are collected by experiment, 

no difpute can arife, as they may at pleafure be | 
appealed to, and confidered in every point of | 
view with fufficient care. The cafe is otherwife 
with thofe circumftances which depend folely 
‘upon the operations of nature; for thele, if the 
fit time be negleGted, do not again occur; but ac- 
eidentally, or perhaps after'an interval of years, 

“<'Fronte capillata, poft eft occafio calug.? In 
many cafes, however, imitation may be able to 
-diminifh that interval. 

lam



OF TRUTH © xxiii 

Tam almoft afhamed to relate, that I knew a 
chemift who confidered thermometers, and fuch 

inftruments, as phyfical fubileties, fuperfluous 

and unneceflary in a laboratory. It is beyond 

a doubt, that the moft minute circumftances 

have their efficient caufes ; and thefe caufes, for 

the moft part, are fo interwoven with the more 
powerful ones, and fo moderate their efficacy, 
that, without the former, the whole effect can- 

not be appreciated. In natural philofophy, no 
obfervations are trivial, no truths infignificant. 
That which to us is barren, is often fo for this 

reafon only, that we do not fufficiently know, 
nor fufficiently examine it. How many millions 
had ufelefsly beheld the falling of a pear; yet, 
to Newton, this mo{t common of all phanomena 

fuggefted the theory of gravitation. 
(8) The experiments of others, particularly the 

more remarkable ones, fbould be candidly reviewed. 

We fhould never diftruft the experiments of 
- authors of credit ; but I hold it ufeful to have 

new inventions confirmed by many witnefles in 
different places, which opens a wide field to in- , 
duftry. 

It muft be confeffed, that many things occur _ 
which are more clearly and better underftood 

by being feen, than by the moft exaét defcrip- 
tion. In repeating any of Margraaf’s experi- 
ments, I never entertained even the fmalleft 

doubt of the event. The accuracy, the dexte- 
rity,
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cence with acids. This phenomenon is trouble. 

fome to many who deny the exiftence of aerial 
acid. At length, however, an evafive expedi. 

ent.was fuppofed to be difcovered, namely, if 

burned lime be put into highly concentrated 

acids, a vifible effervefcence is faid to take place, 

which, when the acids are weak, cannot be feen, 

as the fubftance, being dried by the fire, readily 

abforbs them. In order to clear up this miftake, 

it is only neceflary to obferve the phenomena 
with accuracy :—Let a {mall glafs veffel be fil- 

led with nitrous acid, throw into it a piece of 

chalk, immediately innumerable bubbles are 

emitted from its whole furface, which continue 

while a fingle particle remains vifible ; during 

this violent agitation a thermometer, dipped in- 

to the glals, fhews not the flighteft alteration of | 
temperature (a). Whether the acid be diluted 

Ong 

a) M. Moryean, i in a note, which I Have tranflated — 

(fee p. 38), truly obferves, that when chalk is diffolved — 

ina concentrated acid, heat is produced, The author 

himfelf (Opie. vol. iii. p. 64.) fays, that calcareous 

earth, while it was diffolving in nitrous acid, raifed the 

liquor in the Swedith thermometer from +- 14° to -F 20° 

and lime, not flacked, from} 14° to + 84°, He at- 

tributes the miftake in the text to his having made the 

experiment with too {mall a quantity of materials, and — 

having employed a thermometer not fufficiently fens 

fible. 

Tq



 



 



 





 



 



OF TRUTH. பிப் 

following effays, and whether, as I endeavoured 

to avoid one rock, I have not {plit upon an- 

other. 
Moft of the eflays contained in this firft vo. 

lume have already been publifhed feparately ; 

but, as the copies were foon difperfed, and, 

moreover, as fome were written in Swedifh, 

fome in Latin, and others in French, I have 

undertaken, at the inftance of my friends, and 
more efpecially fuch as are foreigners, to colle@ 
them, and tranflate into the common language - 
of the learned, thofe which were written in other 

languages. 1 have not difpofed them in the or- 
der of the time in which they were printed 5 
but I have rather endeavoured that the preceding 
fhould illuftrate thofe which follow. I have, 

however, mentioned in a note the time of the 

firft publication of each effay. 

In the firft volume I have inferted thofe effays 
which relate to falts; in the fecond, thofe which 

refer to mineralogy and metallurgy fhall be 
comprized ; the third fhall contain the doétrine 
of attractions, together with the analyfis of fome 
organized bodies ; the fourth, various matters 

relative to natural philofophy and natural hifto- 
ry ; and in the following I will publith, if God 

grant me life and ftrength, other chemical ef- 
fays. | 

I fhall be fatisfied if the following experi- 
ments, which were inftituted with all the accu- 

racy
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OF THE AERIAL ACID. ஓ 

kali in a cauftic ftate: hence we may eafily form 
a judgement concerning the fuperiority of attrac» 

tion between the vegetable and mineral alkalis. 
93 parts of aerated volatile alkali give over their 

fixed air to 100 parts of pure vegetable alkali, and 
aflume a cauftic nature, but the latter portions are 

more flowly decompofed. 

168 parts of aerated magnefia contain only fo 
much fixed air as is fufficient to faturate 10 parts 

of pure vegetable alkali. 
We have already obferved, that metals diffolved 

in water by means of fixed air are precipitated by 
cauftic vegetable alkali. 

(8) What has been already faid of the vegetable 
‘alkali holds good with refpeé to the mineral, with 
relation to terra ponderofa, lime, volatile alkali, 
magnefia, and metals, only changing the propor- 
tions; but it is in general to be obferved, that the 
“numbers coming out in any cafe, according to the 

principles already eftablifhed, only indicate accu 
rately how much fixed air is fufficient to faturate 
the fubftance employed, when at liberty; but as 

the operation proceeds much more eafily at the be- 
ginning than at the latter end, the complete refo- 
lution frequently requires double, triplegger even 
fix times the quantity of the decomponent. 

(c) Volatile alkali furrenders its fixed air, not 
only to terra ponderofa, lime, and fixed alkalis, 

but even to pure magnefia; for this laft, being 
added to a folution of aerated volatile allsali, re- 

Vou. I. E quires
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92 OF THE AERIAL ACID. 

not be more than 0,55, and agrees in properties 

with burned and flacked lime; and the fame ig 

true of all fubftances which in their natural ftate 
abound with fixed air. Metals indeed differ in 
this refpeét; yet they too gain from aerated pre- 
cipitants a confiderable increafe of weight; for in- 
flance—mercury 4, iron nearly an equal weight, 
and fo on. Silver diffolved in nitrous acid is more 
eafily precipitated by aerated than by cauftic al. 
kali, and the precipitate is heavier. Thefe accef- 
fions of weight are to be attributed to the fixed 
air, which being expelled by the ftronger acid, 
adheres to the deferted metal, and, according to 
its quantity, alters not only the weight, but fome- 
times even the colour. We faid before, that 
pure vegetable alkali precipitates corrofive fubli- 
mate of a ferruginous colour, but when fully aera 
ted of a white (§ vi1.): we faidalfo, that the mi- 
neral alkali can never produce a white calx of mer- 
வறு ($ ராரா) : 18 us now fee the reafon. 

_ Let there be precipitated only fo much as is 
united with 100 parts of marine acid, and let the 
precipitation be made with vegetable alkali, fully 
aerated; for which purpofe about 415 are necef- 
fary; for 100 parts of marine acid require 199 of 
pure vegetable alkali (§.vrit.); and thefe 199 can 
receive 84 of fixed air, and 1 32 of water (6 1113. 
But if the mineral alkali be ufed, 100 parts of 
marine acid require only 80 parts of alkali 3. which 
in cryftallization receive 64 parts of fixed air, and 
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with other bodies. Its exiftence in the former 

ftate 1s manifeftly feen in phenomena which daily 

occur; lime-water every where feparates a cream, 

when expofed to the open air, which does not 

happen in bottles perfe@ly clofed; and never can 

happen, unlefs fixed air be in contact with its fur- 

face (§x1-). Quick lime, expofed for a long 

time to the atmofphere, by degrees recovers what 

it had loft in the fire, fo as entirely to re-aflume 

the nature of crude’ lime, and be unfit for the 

mafon’s ufe, unlefs it be again deprived of its acid. 

Terra ponderofa and magnefia, reduced to a ftate 

of purity, in like manner recover from the open 

air their weight, power of effervefcing, and other 

loft qualities. Pure alkalis are made mild in the 

open air, lofe their deliquiating quality, and form 

cryftals which effervefce with acids, circumftances 

which can only be afcribed to their attracting fix- 

ed air. Since then, thefe phenomena all take © 

place at every time, and in every part of the 
world, a quantity of uncombined fixed air, by no 
means inconfiderable, muft be perpetually prefent 
in the atmofphere. 

But it is not only in an elaftic and difengaged 

flate that fixed air furrounds us, but it alfo feems 

to conftitute a primary principle of common air. 
_ This ingenious conjecture of the indefatigable Dr 

Prieftly comes now to be examined. 
The experiment indicating this’ compofition of 

atmofpheric air, is as follows:—Let tinture af 
turnfole |
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fome inches broad, at feveral diftances from the 

bottom; thefe muft be fhorter than the diameter 

of the veflel. with the plane of their furfaces ip. 

clined to the horizon in an angle of about 459, 
The veffel being then filled with cold water, and 

fufpended over the fermenting mats, fo as nearly to 

touch its furface, let the axis be turned round, and 

it will give a circular motion to the water; fo that 

by enlarging and continually changing the furface, 

the aerial acid is very quickly abforbed.—Thus a 

very large quantity of water may be completely 
faturated in a fingle minute. 

§ xvi11. Obfervations concerning the Addition 
of the Salts. 

The water being fufficiently impregnated with 
aerial acid, and poured into bottles, the materials 
determining the particular fpecies are next to be 
added : what thefe are, and in what quantity they 

are to be employed, will appear from the forego- 
ing analyfis. The mineral alkali, and the other 
falts,, fhould be chofen pure and newly cryftallized 
—the earths in a cryltalline form, fully faturated 
with aerial acid, and reduced to a very fine pow- 

der; for otherwifeghey diffolve flowly : iron is to 
be employed, in the form of frefh filings tied in 
a linen cloth, or that of a plate of convenient 

form, with a fmooth and polifhed furface: the 
cloth or plate is to be fufpended i in the water, to 

promote
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promote the folution; the bottle is then to be well 

clofed, inverted, and fet in a cool place for fome 
days. In that {pace of time the water takes up 
the falts, and, by means of the aerial acid, not 

only diffolves the lime, but alfo a {mall portion of 
the iron. I know that the celebrated Monnet 

contends, that water can, by itfelf, take up iron ; 
but common water always contains fome aerial 
acid ; and when that is expelled, not the f{malleft 

_ particle of iron is taken up by it, except that {pe- 
cies which, when red_ hot, is (f) brittle, as fuch 
always contains fome vitriolic acid. 

The fame filings will ferve repeatedly, provided 
-the cloth, when taken out of the impregnated wa- 
ter, be plunged into cold water, and fuffered to 
remain there until ufed again; for when expofed 
to the air, it contracts ruft, and thereby becomes 
infoluble : for the fame reafon, the furface of the 

(f) Such was the general fuppofition concerning the 

caufe of this fault in iron: but it was not founded on any 

accurate experiments; and when Profeffor Bergman came 
to inveftigate the fubject himfelf, (de Analyfi Ferri, § vimt.), 

he could difcover no veftiges of vitriolic acid, by means of 
any teft. His experiments lead him to impute this defect 
to fome depravation of the inflammable principle. Hot- 
fhort iron (calidum fragile) affords inflammable air, which, 
when fired, fhews phenomena different from that which is 

obtained from otheriron: it has a peculiar fmell, approach- ஸி 
ing to an empyreuma, and, when forged, emits more 

fparks. உ. 

plate
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plate muft be polifhed afrefh as often as it lofes i its, 

fplendour. ‘ 
By the method juft deferibed waters are shes 

en, agreeing both in flavour and virtue with thofe 
brought from foreign countries ; but as fome of . 
‘the fubffances contained are juftly efteemed of a 

fufpicious nature, I am of opinion that they thould. 
by all means be omitted: thele are the calcareous 

and gypfeous matters; and lam perfuaded that 

no perfon will imagine that chalk or gypfum can 

contribute to the falubrity of waters; but that, on 
the contrary, they may give occafion to grievous” 
obiftructions. The Pyrmont water contains. thefe 

fubftances in confiderable quantity, and for that 

reafon is hurtful to many conftitutions : for twelve 
kannes of this water (which is the quantity ufually 
taken in twenty-four days) contain half an ourice 
of aerated lime, and an ounce anda half of gyp- 
fum—a load which few ftomachs are able to bear. 

As to the magnefia, I do not indeed confider 
it as noxious ; but as it diffolves flowly, and what- 

ever effect it has may be eafily fupplied in another — 
‘way, I omit it ; efpecially as experience fhews that: 
the waters thus corrected are equal, if not fupe- 

rier, both im tafte and virtue, to the natural wa- 

ters.—I generally make ufe of water fully impreg- 
nated with aerial acid. 

‘The imported waters which have been exami- 
ned. have no doubt fuffered fome change during 
the voyage.——The experienced Seip relates, that
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a phlogifticated vitriolic acid, and a true fulphur; 

may be extracted from the vitriolated magnefia of 
Pyrmont water, by diftillation, without any addi- 

tion.. In order to obtain half a pound of this vi- 
triolated magnefia (which is neceffary for his ex- 
periment) we muft evaporate upwards of 11¢ 
kannes of the water, which I have never had an 
opportunity of doing ;—I have, however, tried 
{maller quantities, but never could difcover the 

fmalleft particle of the fubftances he mentions :— 
perhaps the magnefia which is united with phlo- 
gifticated vitriolic acid in the frefh water, lofes 
the inflammable principle during the voyage; fo 

' that, on its arrival in Sweden, it retairis little or 

none of it; in the fame manner as the fulphurated 

falt of Stahl changes by time into vitriolated vege- 
table alkalis This ingenious philofopher (Seip) 

to whom the aerial acid was unknown, contends; 

that the phlogifticated vitriolic acid is the true mis 
neral fpirit ; that it adheres to the iron in Pyrmont 
water until expofed to the air; and that then, by 

means of a f{tronger elettive attraction, it feizes the 
magnefia, which it was not able to do in the clofe 
and confined fubterraneous paflages.—This expla- 
nation, though approved of by many, is fotind, up= 
on examination, to be quite contradictory to fact; 
—for, let us fuppofe the water loaded with a 
quantity of vitriol fufficient to’ generate 25 grains © 

of vitriolated magnefia, that is, containmg 21 

grains of martial vitriol in three cubie inches of 
Vou. Le Ss diftiled
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diftilled water; let this water be put into a bottle 

of fuch, a fize that it will be quite filled by the ad. 
dition of 10 grains and an half of magnefia, and © 

let the bottle be then clofely ftopped ; let this bot- 
tle be fhaken from time to time, the magnefia will 

quickly difappear, and in its place will be .found 

a large quantity of ochre, of a greenifh colour, as 

containing both aerial acid and a confiderable por- 
‘tion of phlogifton; and all this takes place with- 
out any motion or effervefcence: in the fpace of 
about an hour the water is found totally void of 
vitriol, loaded with 25 grains of vitriolated mag. 
nefia, faturated with aerjal acid, and containing 

an aerated iron:—the reafon of this is evident, 
10% grains of magnefia contain about 3 cubic 

inches of aerial acid, which an equal bulk of wa. . 

ter is able to abforb; no fuch obftacle therefore 

occurs in this cafe, much lefs in a whole kanne of 

water, as I have elfewhere mentioned. In the 
fame inftant, then, that the vitriolic acid expels 

the aerial, the water abforbs it, The quantity of 
vitriol employed contains above 4} grains of iron 

' Nightly calcined; now; 100 cubic inches of aera- 

ted water can only take up 3; grains, fo that 3 cu- 
bic inches of water can fearcely diffolve more 

than ;2,4. The bottle being opened, the vitrio- 

lated magnefia may foon be feparated by alcohol; 
and this is the cafe in Pyrmont water; the pblo- 
gifticated, as well as the common vitriolic acid, 

‘feparates the aerial acid from magnefia.—All this 
hypothefis, _
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hypothefis, therefore, falls to the ground, being 

void of foundation ;—and Pyrmont water; expo- 

fed to the air, grows turbid, and loles its virtue, 

not on account of any tranfpofition of its princi- 
ples, but on account of the departure of the vo» 
latile menftruum.. 

In the dry way, vitriolic acid with phlogifton, 
generates fulphur; but whence can fo much phlo- 

gilton be joined with the vitriolated magnefia in 
Pyrmont water ?—if the feparated iron flill re- 

mains mixed with it, the difficulty is eafily re- 
moved, as this metal, when flightly calcined, {till 
retains much phlogifton: if, after the removal of 

the iron, fulphur is produced, the caufe of ‘this 

phenomenon, being obfcure, fhould be examined 

in the country where the water is produced. 

§ x1x. The Preparation of artificial medicated 
Waters in Sweden. 

In the year.1770, being attacked by a fevere. 
_ hemorrhoidal colic, I was obliged to take above 

eighty bottles of foreign medicated waters. By 
thefe the fymptoms, which were attended with 
excruciating pain, were fomewhat mitigated; in’ 

the mean time I examined the nature and princi- 
ples of thefe waters with the greatelt attention, as 
I moft earneftly wifhed to be able to imitate'them 
perfectly ; for befides their extreme dearnefs in 

this ‘country, in the beginning of fpring, when 
3.3 ் not
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not only difeafes, the foundations of which haye 
been laid during the feverity of the winter, pres 

vail very much, but my complaints are alfo par. 

ticularly troublefome, thefe waters cannot be had 
frefh and good at’any price.—tI foon reaped the 
wifhed-for fruit of my labours, for in the year fol. 

lowing I fubftituted the artificial to the’ natural 

waters, and not only ufed them myfelf with fig. 
nal advantage, but gave them to many of my 
friends with the like fuccefs. All that time I ufed | 

the method above defcribed for impregnating was 

ter with fixed air; but, inthe year 1773, I learns 

ed Dr Prieftly’s method, which, with a little al 

teration, I have fince continued to prattife —=The 

fame year, in a fhort Treatife on the Aerial Acid, 
which the Royal Academy of Sciences at Stock- 
holm inferted in their Acts, I mentioned in a cur- 

fory way that I had for fome time prepared for 
myfelf and fome of my friends artificial medicated 
waters, entirely refembling the natural waters, 
both in flavour and virtue.—The celebrated Baer, 
who then lived at Paris, took that opportunity of 
writing to’ my friend Mr Wargentin, requefting 
me to defcribe the method 1 purfued.—This I 
complied’ with, by fending a Treatife on that fub- 
ject to the Royal Academy of Sciences at Stock- 
holm in 1774, which they inferted im their A@s 
for the following year. 

From the very nature of the thing it muft be 
obvious, that an invention of this kind, however 

ufeful, . 

ச
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nfeful, cannot poffibly be univerfally pleafing.— 
Many who are incapable of afcertaining or judg- 
ing of the truth, will diftruft it, not without reas 
fon, on account of its novelty ;—many contend, 
that to imitate nature is impoflible, without con- 
fidering, that when the component parts are tho- 
roughly known, the fuccefs of the procefs cannot 
in any degree depend upon the hand which com- 

bines them.—Some who prefcribe, and others 

who fell the foreign waters, condemn the artificial, 

for obvious reafons ; and not a few are urged by 
‘Motives too trivial to be detailed. Beéfides, the 

negligence of inexperienced operators or impure 
materials, may eafily defeat the whole operation. 
‘The water itfelf, if it has any offenfive tafte, will 

retain it after the procefs, and by that means bring 

the invention into difrepute. Thofe that are pre- 
pared in the very beft manner, nay, the natural 

waters themfelves, grow vapid on the addition of 
a {mall quantity of mineral alkali, though they ftill 
retain ufeful properties, only the pungency of th¢ 
aerial acid is in this cafe reprefled. 

All thefe obftacles, however, have not prevent- 

ed the preparation and fuccelsful ufe of artificial 

medicated waters, even in the moft diftant pro- 
‘vinces of Sweden ; and the ufe of fuch waters has 

prevailed generally, although I only propofed them - 
‘in cafes of neceility, where the natural waters 
could not be had: and even thofe who at firft 

53 could
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_ could not..patiently hear them mentioned, noy 

make ufe of them, and highly commend them. 

In’ general they produce the fame good e¢f- 

feds as the natural waters, and in fome inftan- 

ces even feem to excel them: my own health,” 

though not perfectly eftablifhed, has, from the 
fole ufe of them, been reftored beyond expeéa- 

tion. Every year, about the middle of winter, 
the beginning of fummer, and in autumn, I ufe 

- about feven kannes in the fpace of three weeks, 

‘and that in the following manner :—1 firft drink a 

few kannes of Seltzer water, I then ufe the Spa, 

which, with refpeét to the uncombined alkali, 

moft nearly refembles the Seltzer, and I always 
finifh with the Pyrmont; I take no more than the 

third part of a kanne every day, as, by the expe- 
rience of feveral years, | have found that a larger 
quantity is difagreeable to my ftomach. 

I have alfo feen, with great pleafure, many 

other camplaints either entirely removed, or at 

“Teaft alleviated, by thefe means. A: circumftance, 
which afforded me fingular pleafure, as | had very 

anxionfly wifhed to fucceed in this experiment :-— 

a boy of feven years old,. at Upfal, had for fome 

time been afflicted by a violent gout, which had 
baffled all remedy ; in the year 1775, he ufed for 
a month the Séltzer water, prepared for him by 
his father, according to my inftructions, and 
foon recovered perfeét health, which he enjoys to 

thig day.
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_ » A young gentleman, a ftudent, about 23 years 

old, was fo afflifted by the gout, that he could 

not, even bythe help of a ftick, move from one 
feat to another: he began the ufe of the artificial: 
waters, firft Seltzer, then Pyrmont, and recover- 

ed in the fpace of one month. 

Befides, the intermittent fevers, which for foie 

time paft were epidemic in Sweden, were fo ob- 

flinate, that they refufed to yield ecither'to Peru- 

yian bark, or the other ufyal remedies, but were 

foon removed by the artificial waters, particularly 

Seltzer, unlefs the cure was impeded by errors in 

diet. 
‘ I pafs over innumerable other examples, which, 

indeed, encreafe daily, and would require a par- 
ticular defcription; but I cannot avoid here men- 

tioning a fingular phenomenon :—the haemor- 
rhoids, with which I am afili€ted, break {ponta- 

‘neoufly, while I am in health, generally every 

2eth day, but only difcharge a few drops; they 

are, however, often ftopped, efpecially at the ap- 

roach of cold weather, and then occafion a num- 

ber of diftreffing fymptoms: to remedy thefe I 

find nothing fo effectual as drinking the artificial 

Seltzer water; and in the courfe of eight years, 

during which I have been ufing it, it never 

failed me once; the effe& is, to open the ha- - 

morrhoids within fix days, fometimes on the third 

er fourth, upon which I immediately find relief. 

ர் Jeave to the {kilful in medicine the explanation, 

8.4 of
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extraordinary manner. Water does not feem ca- 
pable of producing any notable effe&t upon the 
human body of itfelf; to this end it appears ine 
difpenfably neceffary that it fhould be impregna- 

ted with a certain fubtile and elaftic aura, which, 

when extricated in the prime viz, is not only of 

itfelf able to effe& falutary changes, but alfo fo 

acuates, {trengthens, and as it were vivifies the 

heterogencous matters contained in the water, that 
they can penetrate to parts they otherwife could 
not reach, and poffefs powers which alone they 
could never exert. That the aerial acid performs 

this office in the cold medicated waters is, I ima- 

gine, eftablifhed beyond doubt in the forego- 

ing Treatife ;—it remains now to be examined, 
whether the fame fluid is contained in the hot 
waters, or whether they are aflifted by an elattic 
fluid of another kind. 

‘When we examine the medicinal hot waters in. 
. general, we find a remarkable difference obvious 

to the fenfes: for fome, fuch as the Caroline baths 

in Bohemia, do not ftrike the fmell in any parti- 
cular manner, and feem not to exhale any thing 
more than a moift and fuffocating vapour ; others, 
fuch as thofe of Aix, difperfe far and wide a moft 
fubtile, ungrateful, feetid odour, refembling that 

of putrid eggs, or more exactly that which. is © 
emitted by a folution of faline hepar, efpecially 
upon the addition of an acid. The former moft 
certainly derive their eflicacy from the aerial acid, 

and
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occafion a fugitive rednefs (4); and the precipita,, 
tion of lime-water is alfo occafioned by an aerated 

alkali, which is fuppofed, according to the laws 

of attraction, to yield its aerial acid to the pure 
lime, which therefore becomes aerated, and (ஐ: 

precipitates; but when thefe two circumftances 
are taken together, they produce full conviction: 

for the aerated alkali (c) cannot exift in water to- 
gether with any acid, except the aerial; befides, 
‘the air contained in thefe waters, when collected, 

not only produces the above-mentioned effeéts, 
but alfo fuffocates animals, and is abforbed by 

water, which thence becomes aerated. Indeed, 
the whole neighbourhood of thefe waters abounds’ 
fo much with aerial acid, which breaks out in 

many places, that the rain and {now water, from 

lying in cavities of the ground for a fhort time, 
often acquire a grateful pungent acidity. 

Thefe waters, upon cooling, feparate both 
lime and iron, after the manner of Pyrmont wa- 

‘ter, but much more quickly. We cannot won- 
‘der at the fugitive nature of the virtues of thefe 
“waters, when we confider how very volatile the 
‘aerial acid is, even when lodged in cold water, 
‘and how much its volatility is increafed by heat. 

_ The exiftence of aerated hot waters being efta- 

(a) On Aerial Acid, § v1. 

(3) Ibid. § xx. 2. 
{) Analyfis of Waters, § yur. ஐ, 

blithed,
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blithed, wenow go on to the other {pecies, the 
elaftic fluid of which, though eafily diffipated, yet 
in fixity very much exceeds the aerial acid. 

8 ரா. Hot hepatifated Waters. 

The hot hepatifated waters, although they may 
be aerated, and actually often are fo (as for in- 
Hance thofe of Aix) may yet be eafily diftinguith- 
ed from the hot aerated waters, by the general 
tenor of their character, and their difagreeable 
fmell: they have the fmell of hepar fulphuris, ° 
and blacken filver, nay, a genuine fulphur is de- 
pofited along the channels through which they 
pafs ; and yet the moft accurate analyfis has not 
been able hitherto to difcover in the water the 
moft minute particle, either of hepar or of fulphur 
—but chymiftry is able to unfold this myftery : 
for the faline hepar fulphuris, upon the addition 
of a more powerful acid, cenerates a fpecies of - 
air, which we may call hepatic air, if with Dr 
Prieftly we give the name of air to every elaftic 
fluid not condenfible by cold. Waters impreg- 
nated with this kind of air refemble the hot hepa- 
tifated waters: the hepatic air, it is true, contains 
a fulphur, but fo expanded and fubtilized as to 
efcape the fight, and put on the appearance of 
common air. -A change fuch as this can only be 
effected by the action of agents at once the moft 
fabtile and the moft-efficacious; and fuch are 

phlogifton:
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phlogifton and the matter of heat. I know that 
itmany philofophers of the firft rank are of opinion, 
that the phzenomena of fire and heat are to be 

explained upon the fuppofition of inteftine motion, 

in bodies; but, upon confidering the whole at. 

tentively, I am firmly perfuaded, and t believe the 

fame is the cafe with others, that heat arifes from 

the action of a diftinct and peculiar fubftance, 

which is diftributed through the whole corporeal 
world, and that in a twofold ftate: for, firft, we 

confider this matter as free, when, in form of an’ 

elaftic fluid continually tending to an equilibrium, 

it pervades'all bodies denfe as well as rare. This, 

in proportion to its quantity, excites different de- 

grees of heat in animals, dilates and difpofes all 
Dodies* to fluidity, according to certain circum- 
ftances—thus platina, in order to be fufed, re- 
quires it very highly concentrated, other metals 

lefs fo; and mercury a quantity fo fmall that it is 
almoft always prefent in the atmofphere ; 1 fay, al- 

moft always, as fome late obfervations in Siberia 
thew that there mercury has been fometimes con- 

gealed by natural cold :—whether there can exift 
any fuch ftate as that of perfect privation of heat, 
or abfolute cold, is yet unknown. In fuch a ftate 
(fuppofing any fuch to exift) if 1 miftake not, the 
aerial acid itfelf muft be congealed, as fluidity ap- 
pears to depend totally upon heat. 

The matter of heat, like all other material fub- 

ftances, is க to the law of attraction, and 

hence
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hence proceeds its {tate of union with other be- 
dies, a ftate which inevitably occafions many alte. 
rations in its nature and properties. By this tic 
fome of its properties are obfcured, hay entirely 
obliterated, and new ones,: before unknown, are 
produced; and in the fame manner as an acid, 
when faturated with an alkali, cannot be° diftin- 

-guithed either by precipitation, by its tafte, or by 
any other of its original properties, fo the matter 

"of heat lofes, together with its liberty, its chief 
property, viz that of producing fenfible heat ;— 
this power muft, however, be confidered as res 
prefied only, not deftroyed; for it is again refto- 
red in full vigour, when the bond of union which 
reprefled it is broken. This may very clearly be 
illuftrated by the example of water, which by a 
moderate privation of heat is converted into ice : 

‘now, if water heated to a determinate degree 
be poured on fnow, we can, from the known heat 
of the two ingredients, eafily determine what that 

_ of the mixture ought to be; but in the prefent 
inftance, a deficiency is always obferved; that is, 
the heat of the mixture proves to be always lefs by 
about 72°, than by calculation it ought to be. 
The reafon feems to be this :—the heat of the wa- 
ter penetrates the {now quickly, expands and fe- 
parates the fmall particles, and changes it from a 
folid to a fluid form: thus the difunited particles 
have their furfaces much encreafed. Now, water 

_attra€ts the matter of heat, and that the more 
largely
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largely in proportion to the furface of contaé&s 

and fuch parts of it as it touches very clofely, i 

powerfully retains, and renders latent, fo that it 

can no longer occafion fenfible heat; and hence 

the deficiency of 72°- This faturating portion of 

heat it does not lofe, except at the very point of 

congelation ; which being then fet free, occafions 

afmall rife of the thermometer, although it is 

quickly and irregularly attracted on account of the 

deficiency of the furrounding matter. As the de- 

gree of cold in the adjoining air increafes, and as, 

on account of its elaftic nature, it conftantly tends 
to an equilibrium, it at length is fo much rarified, 

that the faturating portion alone remains to pre- 

vent the contaét of the watery particles; and wher 

that alfo is taken away, all the mobility of the 
particles totally ceafes. Undoubtedly all fubftan- 
ces which are fufible in fire fix a certain quantity 
of heat (the degree of which is yet undetermined) 

in the very inftant when their particles acquire the 

due degree of mobility. On the other hand, 
while the temperature of the water is increafing, 

the increafed quantity of heat increafes the diftance 
of the minute particles, and generates elaftic va~ 
pours: at length, when the heat arrives to the 
boiling point, the watery particles are fo expanded 

and changed, that their furfaces, being wonder- 
fully increafed, are enabled to receive and fix a far 

gteater quantity of heat than before s—and hence 
aries
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arifes the cold, or dimimution of heat, accafioned, 

by evaporation. 

Bodies which contain the matter of heat fixed, 

‘when put into mentftrua fitted for diffolving them, 

generate a degree of heat, greater or lefs, accor- 

ding to the quantity of latent heat fet at liberty by 

the more powerful attraction of the menftruum. 

Lime, newly burned and put into water, gene+ 

rates a remarkable degree of heat, becaule a great 

part of the heat which had been fixed by the cal- 

-careous earth is fet at liberty by means of the wa- 

ter, which is more powerfully attracted by it. 
That portion of the matter of heat which ftill re- 

mains in flaked lime may be difengaged by an a- 
cid; and hence, irom an equal quantity of lime 

a greater degree of heat is generated with acids 
than with water, as the former fet the whole of 

the matter of heat at liberty, the latter only a part. 
—I have fpoken briefly, and in a curfory way, of 
thefe matters, in order to illuftrate feveral things 

in the foregoing pages, and that what follows may 

be the better underftood. We do not-here confi- 

der the compofition of the matter of heat; it is 

fufficient for us that it may be fixed, and again fet 

at liberty. 
Let us now return to the hepatic air, which con- 

fits of fulphur united to the matter of heat by 

means of phlogifton. «As the demonftration of this 

analyfis occurs hereafter, I pafs it over in this 

place. . The hepatic air is decompofed in the at- 

Vor I, | 2 mofphere
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mofphere by means of pure air, which attraGs. 

phlogifton fo greedily, that it is able to feparate it 

from the nitrous acid itfelf: this is the caufe of _ 

the fulphureous crufts which are to be feen at. 

Aix ; for the conneéting medium (the phlogifton) 

being feparated above the furface of the water, the 
whole compound is diffolved, and the difengaged 

particles of fulphur adhere to the furrounding bos 

dies. - ் 4 

Water combines with this hepatic air, and, 
when impregnated with it, poffefles the genuine 
properties of hepatifated waters, as readily appears 

upon comparifon. But in order to difcover how 

much of its virtues depend upon this air alone, 
and how much upon groffer materials, we fhould 
examine diftilled water faturated with hepatic va- 
pour.—In a moderate heat, a kanne of diftilled 
water takes up about fixty cubic inches of hepa- 

tic air, which, when decompofed by nitrous a- 

cid, yield eight grains of fulphur: the matter 
of heat which remains difengaged among the par- | 
ticles of the water, is more and more dimi- 

nifhed, 

Siv. Diftilled Water faturated with hepatic 
fir. 

In the following feétion we fhall explain how wa- 
ter may be faturated with hepatic air. For the pre- 

fent,
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fent, we fuppofe the water to be cool, and fully 

faturated. 
(a) It has a moft offenfive hepatic fmell, whem 

fet in a broad open veffel; i 24 hours it blackens 

filver; an effet which, as the vapour is diffipated 

in this cafe but flowly, it does not produce in lefs 

than the fpace of fome weeks, when fet to ftand 

in an open bottle. This effect may be inftantly re- 
prefled by nitrous acid. 

The tafte is ftrong, fomewhat {weetifh, not un- 

like that of putrid eggs, but more difagreeable. 
It preferves its clearnefs entirely, if the water be 

newly diftilled, fo as not to have time to abforb 
aerial acid from the atmofphere. 

(8) Tin&ure and paper of turnfole grow but 
little red, unlefs the water be impregnated with 
wathed hepatic air. 

Paper of fernambucum fuffers no change. 
(c) No change is occafioned by acids, unlelfs 

fuch as poflefs the fingular property of attracting 

phlogifton, even in water; one of thefe is the ni- 

trous acid highly concentrated——When this is 
_ dropped in, the finell is inftantly fuppreffed, the 
water grows turbid, and a white fubtile powder 

very flowly fubfides: this powder, collected and 
dried, is found to be pure genuine fulphur. The 
phlogifton being taken away by the acid, the bond 

of union between the fulphur and the matter of 

heat is broken; the hepatic air is therefore de- 

compofed, and the fulphur appears in its ordinary 

T 2 form,
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form. That the nitrous acid attracts phlogifton, 
even in a liquid, is obvious from the artifice made 

ufe of by forme to make vitriolic acid, when black, 

clear again,—they add a {mall quantity of nitre, 
which is fpeedily decompofed, and the colouring 

- phlogifton deftroyed by the difengaged nitrous 
acid. 

Upon pouring into the impregnated water a 
few drops of nitrous acid, the fetor is inftantly: 

ftopped, but in a few minutes it again returns; 
and this happens repeatedly; fo that a quadrant 

of water requires 200 drops to deftroy completely 
all its hepatic air. When the water contains alfo 

a fixed alkali, the acid has but little effeét, fo long 

as that is difengaged ; but after it is faturated, the 

hepatic air begins to be decompofed ; the reafon is 
clear :—the alkali feizes the acid as foon as it is 
dropped in, and reprefles its a€livity; hence 376 

eafily fee how fulphur may be precipitated from 
the Aix waters, which no one, fo far as 1 know, 

has hitherto effected: 
Acid of vitriol, and the other common acids, 

have no effect. 
Dephlogifticated marine acid precipitates the 

fulphur. 

(p) Alkalis caufe no change. 
(5) Nitrated filver occafions a congrumation, 

which foon changes to a brown colour.—In this 
cale the acid and the metallic bafe feem to be load- 

ed with phlogifton, by which they are both ren. 
dered



OF HOT MEDICATED WATERS, 203 

dered infoluble : there is no doubt but a fulphur 
alfo adheres to the metal.—Silver, in its metallic 
ftate, grows black in this water. 

(8) Nitrated mercury, made without heat, oc- 
cafions a brown precipitate ; that made with heat, 
awhite one. The difference feems to arife hence, 
that in the latter cafe the bale is fo far dephlogifti- 
cated, that the phlogifton remaining is infufficient 

for communicating colour to the precipitate. — 
Mercury, in its metallic ftate, expofed to hepatic 
air, grows black, like filver. 

- (s) Corrofive fublimate is alfo, precipitated white, 
for the above-mentioned reafon. 

(a) Acetated lead is precipitated black.—Vi- 
negar does not promote the decompofition of he- 
patic air: hence, therefore, appears the aétion of 
the metallic bafe alone ;—yet polifhed lead, expo- 
fed to hepatic air, does not grow black, but only 

brown. The fame is true of iron: copper grows 
black; but tin, bifmuth, antimony, and zinc, are 
not changed. 

(1) Solution of vitriol of zinc occafions a little 
turbidnefs, and yields a white fediment; that of — 

copper occafions a yellowifh brown hue, and flow- 

ly depofits a fediment of the fame colour; that of 

‘iron grows black :—the hepatic fmell is foon diffi- 
pated, if the proportion of the liquors be properly 
adjufted. ் இ 

(x) A grain of white arfenic put into the water. 
grows yellow by degrees, and at length acquires 

' ; T 3 the
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the properties of orpiment. The fame thing hap. 
pens to a fojution of arfenic in water. 

(.) Hepatifated water, in which filings of jron 

have been kept for fome days in a well-clofed vet. 

fel, grows purple with tinéture of galls s—if the 

iron be diffolved by an acid, the colour approaches — 

more to violet. This is the reafon why, with the 

fame quantity of tinGture of galls, different ap- 

pearances take place: befides, we mutt obferve, 

that water impregnated with iron by means of he- 

patic air, is not at all rendered turbid by phlogi- 

fticated alkali; and if a fmall quantity of vitriol — 

of iron be afterwards added, this produces a fedi- 

ment at firft afh-coloured, the upper furface of 

which grows ‘by degrees (but very flowly) of a 
pale blue, and after fome days grows quite black. 

If hepatifated martial water grows immediately blue 

on the addition of phlogitticated alkali, this is a 

fure fign of the prefence of an acid menftruum, 
Thefe circumftances fhould be carefully obferved 
in the examination of waters. 

§v. Method of preparing hot medicated 
Waters. 

In the preparation of hot medicated waters, ° 
feveral circumftances are to be attended to :— 
Firft, the waters muft be impregnated with ela- 
itic fluid; then the groffer materials, which dif. 
iinguifh the different fpecies, are to be diffolved; 

and,.
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and, finally, the water to be heated without any 
lofs of its virtue. — We fhall fpeak of all thefe in 

order. : 
(A) The elaftic fluid to be employed is either 

-aerial acid or hepatic air, according as the water 

is required aerated or hepatifated. The former is 

obtained by a procefs already fufficiently deferi- 

bed; the latter is had in the fame way, with the 
difference of agfew circumftances now to be men- 
tioned. i 

In the place of chalk, we are to employ an he- 
par fulphuris, made of equal weights of fulphur 
and pot-afhes together, and melted in a crucible: 
the hepar is to be reduced to a powder before it 

is put into the veffel, as otherwife the faturating 
acid will generate upon the furface a vitriolated ve- 

getable alkali, which is not foluble in a {mall quan- 

tity of water; and this cruft, furrounding the in- 

ternal parts, will prevent the acid from reaching 

them.—A mafs made of three parts of iron filings 

melted, with two of fulphur, anfwers the fame 
end, even better than the former. 

An inverted bottle, half-filled with water, is to 

be fet to collect the extricated elaftic fluid: the 
water cannot take up fo much of hepatic air as it 

does of aerial acid ;—if the water is to be aerated 

at the fame time, + or + of chalk may be added 

to the hepar. When, upon agitating the bottle, 

the hepatic air is no longer diminifhed, the water is 
faturated. 

T 4 The
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The vapour being extremely offenfive, and un- 

friendly to refpiration, the operator fhould be fo 

fituated, that a ftream of air may carry off the no- 

xious vapour from him. 

(2) If particular waters are to be imitated, for 

¢nftance, the Caroline or the Aix waters above 

mentioned, the quantity and quality of their feve- 

val contents muft be determined. The Cao 

waters contain, in a kanne, 

grains. 

of aerated lime ச - 24 

_ of vitriolated mineral alkali - 240 

of fea-falt 2 eee 32 

of dried mineral alkali 2 68 

together with an admixture of iron. A kanne of 

Aix water, taken from the Emperor’s bath, con- 

tains, 

grains. 

of aerated lime, 2 a7 

of fea-falt, - - 29 
of mineral alkali, - - 7Q 

it is only the aerated lime that indicates the pre- 

fence of aerial acid in the Aix’ waters. 
Thefe heterogeneous matters, except the aerated 

lime (which ought by all means to be left out) are 
of very eafy folution ; they need not therefore be 

added
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added to the water, until it isto be drank: the 

proper quantities of thefe may be put into the vef 

fel out of which the water isto be drank, and are 
foon taken up by the warm fluid. 

If any one, however, infifts upon the aerated 

lime, the water muft firft be faturated with aerial 

acid, and the lime diffolved by its means, in the 
cold, as before defcribed; the water is then to be 

impregnated with hepatic air; and in this cafe 
fome filings of iron fhould be added: but if the 
lime be omitted, the filings put in during the 

_ warming of the water will give it a fufficient im- 
pregnation. 

(¢) In order to make the aerated or ண்ட 

water warm, without lofs of virtue, we mult em- 

ploy a veffel clofely thut, fach as Papin’s digefter; 
——the copper ones defcribed by Mr Wilcke are 
belt fitted for this purpofe: one of thofe fhould be 
taken, which can juft hold the requifite quantity of 
water: the aerated or hepatifated water being put 

into this, and well clofed up, is to be fufpended 
in a common pot in a water-bath; and the water 

in the greater veffel, being gradually heated, 

communicates the requifite degree of heat to the 

digefter. ‘ 
_ Although cold aerated water is highly medicinal, 

as experience evinces ; and although the fame is un- 

queftionably true of cold hepatifated water (§ v1-); 
yet it is very probable that heat, by increafing 
their yolatility, renders them more fubtile and 

penetrating,
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penetrating, and of confequence more efficacious 

in certain cafes. We are not yet certain what de- 

“gree of heat is moft effectual: the Caroline wa- 
ters raife the Swedifh thermometer to 73°, the 
Aix waters to 62 ; an heat which appears too 

great for internal ufe, as the hand can fearcely 

bear water heated to 50’: but this queftion is not 

to our prefent purpofe, it is fufficient that the wa- 

ter can receive the neceflary degree of heat, with. 
out lofs of virtue. 

The faline matters fhould not be put into the 

digefter, as many of them act upon the metal, but 

the iron may fafely be ufed; and thus it commu- 

nicates a chalybeate impregnation. « 

That a glafs may be occafionally filled without | 
the lofs of any of the volatile parts, a {mall {topper 

mu(t be fitted to the upper part of the digefter, 

by opening which the warm water may be poured 

out, and yet the mafs remain clofely fhut up. 
For the purpofes of bathing, larger quantities 

are neceflary; in this intention the Caroline wa- 
ters (for what reafon I know not) are out of ufe. 
‘The waters of Aix are often employed; anda 

large quantity of water may be eafily impregnated 
with hepatic air, by means of a flexible tube con- 
veying the air to the bottom ; and this operation 

may without inconyenience be continued, even 
while the patient fits in the bath; but the pro-. 
cefs fhould be fo conduéted as to affect refpiration 
as little as may be, 

cn
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§ vi. Appendix, concerning cold hepatifated 
Waters. 

Cold martial waters, when frefh, almoft always 
have an hepatic fmell, efpecially when a little tha- 
ken in a clofed bottle, yet in general the impreg- 

. ation is fo flight that it goes off in a.few mo-— 
ments; but I have lately learned that the hepatic 

impregnation, in fome inftances, is more com- 
-plete. Mr Alftroemerer fent me 12 kannes of 
Medway water, requefting me to examine their 
contents. Thefe acidulous waters are fituated at 
Medway, in Oftro Gothland, and have been ce- 

lebrated for wonderful cures, from the moft re- 

mote periods of time: the celebrated U. Hierne 

difeovered them in the year 1677, from which 

time they have been much frequented every year, 

and with confiderable advantage; yet their true 
nature‘and properties are but little known.—The 

following experiments will tend to throw light up- 

on this fubje&. ் 
This water, when brought to Upfal, is found 

to have loft its volatile principles, but Dr P. Dubb 

examined it at the very fountain, by the means 
above defcribed :—he obtained from every kanne 

13 cubic inches of an elaftic fluid, which diftin@ly 
reddened tin€ture of turnfole, and therefore un- 

doubtedly was aerial acid. That it alfo contains 

fome hepatic air, will clearly appear from what 
i follows 3



505 OF THE ARTIFICIAL. PREPARATION 

follows; but thefe 13 cubic inches, having been 

colle&ed by means of water, do not indicate the 

frue quantity; and I doubt not but that, if they. 

had been colleé&ted by mercury, they would amount 
ta. 30 at leaft. 

‘Tn the Medway water there cannot be any pure 
air, as that is inconfiftent with a martial folution; 

but the hepatic air remained in the refiduum of 

104 kannes, reduced by evaporation, at the very 

fount, to nearly 2 quadrants: this appears mani. 
feftly, for the bottle in which the liquid refiduum 

was put, when opened, ftruck the nofe with an 
offenfive hepatic odour; and a portion of this li- 
‘quor, upon the addition of a few drops of con- 

centrated nitrous acid, grew white and turbid, - 
and in 24 hours depofited a very fubtile fulphu- 
reous powder :—in this cafe then, we have a cold 

hepatifated water, which retains that fetid princi- 
ple fo tenacioufly, that notwithftanding continued 
boiling, and the agitation of a long journey, it 
yet retained a confiderable portion of the volatile 

aura. : ‘ 
In order to difcover the fixed principles, I firlt 

employed precipitants; but I muft obferve, that 
the water fent to me was famewhat yellow, very 
faintly indeed, yet fenfibly fo, efpecially when 
compared with common water: in the liquid re- 

fiduum, that colour was more confpicuous, and 
the refiduum itfelf nearly turbid. 

Th
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In tafte and fmell it refembled pure water, but 

the liquid refiduum gave flight tokens of iron and 
of an hepar. 

Papers tinged with turnfole or Brazil wood dif 
covered nothing ; hence it would appear that theré 
is no prevalence either of acid or alkali: 

Phlogifticated alkali caufed no change either 
in the water or in the liquid’ refiduum; and this 
was the cafe at the very fountain (§ iv. 1). 

‘Tindture of galls alfo had no effet on the wa- 
ter, but with the refiduum formed a dilute purple 
colour, which yet was fomewhat changed by the 
yellowifh brown of the water itfelf. : 

Acid of fugar did not occafion a turbidnefs in 
the water, until after the fpace of 24 hours; but 
with the refidaum immediately formed a faccha- 
rated lime: ; ; 

Aerated fixed alkali does not make the water 
turbid, but it irftantly a&s upon the refiduum; 
the precipitate was white, and of a calcareous nas 
ture. 

Salited terra ponderofa did not. precipitate any 
‘thing, even in the refiduum ; there is of courfe 

no vitriolic acid prefent. 
A {mall piece of alum was வறக after 

fome hours, which is no doubt occafioned by a 

falited lime, mixed with the’ alurn.—Hepatic air 

does not aé at all upon folution of pure alum. 

A felution of nitrated filver renders the water 

fomewhat turbid; but in the refiduum it occafions 
2
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a complete milkinefs, tinged lightly brown by the 

hepatic air ;—there is prefent, therefore, a marine 

acid. : : 

Nitrated mercury, prepared without heat, as 

alfo acetated lead, exhibit the very fame appear- 

ances as nitrated filver. 

Corrofive fublimate has no effect. 

Thefe experiments detect nothing but a {mall 

portion of falited lime, except the admixture of 

iron, which the tin@ture of galls fhews. 

I evaporated half a quadrant of the liquid refi- 

duum to drynefs, but found only 5 grains of a 

brown powder, which grew a little moift in the 

air, yet only a grain or two of it was foluble in 

water; fo that the greateft part of this was a cal- 

cined iron. Water poured upon the dry refiduum 

grows brown, an appearance occafioned by a mu- 

cilaginous extraét; for, evaporating again to dry- 

nefs, it exhibits a brown matter, which grows 

white by burning. Since, then, rot kannes 

yielded two quadrants of this liquid refiduum, it 

appears, that we fhould allow about two grains to 

each kanne; for the falited lime amounts fearcely 

to half a grain: I have alfo obferved a few pare - 

ticles of fea-falt. 
The dry refiduum which, according to Dr 

Dubb’s experiments, is obtained from each 

kanne by boiling for an hour, weighs 247 5 grains, 
which feems to be purely martial; and it is to be 

obferved,
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ebferved, that part of it is magnetical ;—this pro- 
perty is, beyond doubt, communicated by the he- 
patic air. 

We conclude, therefore, that a kanne of frefh 
Medway water contains. 

grains. 
‘of iron, partly diffolved in hepatic air, 

and partly in aerial acid, - 4% 
of falited lime, - - - ககக 

44 

cubic inches. 

of aerial acid, nearly க 30 
of hepatic air, at leaft க 4௦ 

The fea-falt and mucilaginous extraét, are of 
fo little weight, that they may in this computation 
be neglected. 

This water muft neceflarily be very efficacious : 
for, 1ft, it contains united two principles, one of 
which gives virtue to the hot, the other to the 
cold medicated waters: 2d, it contains nothing 

noxious.—We know that many waters, even the 

fo much celebrated Pyrmont, are loaded with 
aerated lime and gypfum, fubftances which are 
by no means friendly to the human fyftem; and 
the experience of a whole century abundantly 

: confirms
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§ x11. Saccharated Silver. % 

Acid of fugar diffolves filver precipitated by a 
fixed alkali but fparingly, and does not attack the 
metal itfelf. This combination is moft conve- 
niently obtained from a faturated folution of filver 

in nitrous acid. The filver, upon the addition of 
acid of fugar, precipitates in the form of a white 

powder, which, when wafhed, does not change 

even the tinture’ of turnfole ; fearcely diffolves in 
water, much lefs in {pirit of wine; yet is foluble 

- in nitrous acid, and grows black by the rays of 
the fun. Acid of fugar alfo decompofes vitriol 
of filver, but not falited filver, fo far as I have 

hitherto been able to determine with certainty. 

§xrii. Saccharated Mercury. 

Mercury, like the former metals, is not acted 

upon by acid of fugar, unlefs it be partly depri- 

ved of its phlogifton; but in that ftate it is diffol- 
ved, forming a powdery white falt, which is not 

foluble in water, unlefs the acid predominates, 

and grows black when expofed to the fun. The 

fame falt may be had from mercury diffolved in 

nitrous or marine acid, by the addition of acid 

of fugar, which immediately occafions a preci- 

pitation. Corrofive fublimate, by this method, 

கட் yields.
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mulz on the furface, but the ‘nucleus verges to 2 

brown 
Calx of iron is alfo diffolved ; but on digefting 

both it and the foregoing folution, they yield no- 

thing but a yellow powder, fuch as is precipitated 
from green vitriol by acid of fugar, and is alfo 

had in the preparation of the faccharine acid, 

when the nitrous acid employed abounds with 

iron. This powder is almoft infoluble in water, — 

but on boiling feparates an ochre. 

6 31111, Saccharated Tin. 

Tin, by the affiftance of heat, is blackened by 
the acid of fugar, and at length covered by an hoary 
powder: the folution emits elaftic vapours, pof- 

feffes an auftere tafte, and exhibits prifmatic cry- 

ftals ; but when quicklyevaporated to drynefs, no 
thing remains but a corneous mafs, which being 

diffolved, on the addition of an alkali yields a ca- 

pious precipitate. The calx of tin is alfo eafily 
diffolved, and bothithe combinations make tin@ure 

of turnfole red. 

§ xvii1. Saccharated Bifmuth. 

The regulus of bifmuth is fomewhat corroded 
by acid of fagar; but the calx only is diffolved.— 
This falt is powdery and white, and fcarce foluble in 
water; the metal’conilitutes one half of its weight. 

and
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Jf to a folution of nitrated bifmuth be added the 
faccharine acid, in the fpace of an hour polygonal 

tranfparent grains concrete at the bottom of the 
veflel, which have the fame properties as the a- 

boye-mentioned powder, nor do they occafion 

opacity in water, like the cryftals of nitrated bif- 
muth. 

§ x1k. Saccharated Nickel. 

The regulus of nickel, digefted in acid of fugar, 
is covered with a greenifh white cruft, and at 

length all fplits into a powder of the fame colour ; 

the green calx alfo-aflumes the fame colour, even 
without heat.—This combination contains twice 
as much acid as metal. ‘The faccharine acid pre- 
cipitates a powder of the fame kind from nickel 
diffolved in vitriolic, nitrous, or marine acids: 

this falt is diffolved in water in {mall quantity, 
and affumes a yellow colour, fearce tinged with 

green; and the cryftals are of the fame colour. 

§ xx. Saccharated Arfenit. 

Arfenic in a reguline. ftate is fearcely diflolved 

by digeftion, but white arfenic is eafily taken up 

without heat ; on evaporation it exhibits prifmatic 

cryftals, which, melting with a gentle heat, emit 

the fuperabundant acid, and fhoot into elegant 

ramifications ; thefe eafily diflolve in water, and 

‘ x 4 in 

ae ‘
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in fpirit of wine make tin@ure of turnfole red; 

are fublimed by a gentle fire, but deftroyed by a 

ftronger ; the faccharine acid firft flying off, and 

then the white arfenic, with a imell of garlick. 

§ xx1. Saccharated Cobalt. 

Acid of fugar attacks cobalt, either with o¢ 

without heat, and converts it into 4 powder of a 

dilute rofe-colour. The folution is more yellow, 

and exhibits cryftals of the like colour, abounding 

in acid, and therefore eafily foluble; but the rofe- 

coloured powder, which does not change turnfole, 

is fearcely foluble in water. “The acid of fugar, 

in a moderate heat, takes up more than an equal 

weight of precipitated cobalt: on the addition of 
common falt this folution yields a fympathetic ink. 

The faccharine acid feparates cobalt from all 

acids yet known, and jam the eka 
powder, 

§ xxii. Saccharated Zinc. 

Regulus of zinc effervefces violently with fac- 
eharine acid, and is foon covered with a white 
powder: this, in 100, contains 75 of metal, and. 
is not foluble in water, unlefs when the acid pre- 
dominates: the cal yields a fimilar powder, and 
on ‘the addition of acid of fugar to folutions of 
zine, in vitriolic, nitrous, or marine acids, a fi- 
யி powder is obtained, 

§ xxITIL.
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follow, viz. Lime claims the firft place (5 v1.); 
terra ponderofa the fecond (vit.); then magne. 
fia (vitt.); vegetable alkali (111-); mineral al- 

kali (1v.); volatile alkali (v.); and. laftly, clay 

(கட. With regard to other acids, the faccha- 

rine acid yields alkalis to vitriolic, nitrous, and 

marine acids, arfenical acid, acid of fluor, and 

phofphoric acids (111 )} it yields lime to none 

(w1.); terra ponderofa, to vitriolic acid (v11.); 
magnefia, to the fluor acid (vitt.); clay, to vi- 

triolic, nitrous, and marine acids (tx.)5; filver 

(x11) and antimony (xxi) to marine acid; 

lead (xiv.) and perhaps tin (xvtt-) to the vitrio- 

lic; but mercury (x111.), copper (xv.), iron 

(xvt.), bifmuth (xvii), nickel (x1x.), cobalt 

(=x1.), zinc (xxtr), and manganefe (xx1v.), 

to none, fo far as is yet known. As to the me- 

tals, though they are fet down by all in the table 
of fimple elective attractions, their forces being 
determined by precipitation ; yet, properly fpeak- 
ing, they donot belong to that place, as thefe 
precipitations are in fa&t performed by means of a 
double elective attraction.—lf, however, any one 
wifhes to keep them in that place, he may take it 
for granted that they preferve nearly the fame ors 
der, whatever menftruum they are diflolved in. 

\ 

_ XVI
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jxxvi. Whether Saccharine Acid owes its 
Origin to the nitrous. 

Hitherto we have confidered the properties of 
the acid of fugar; it now remains to fay fome- 
thing of its origin: and here a queftion firft oce 
curs, whether it be truly and perfeélly inherent in 
the fugar, or whether it be generated during the 
boiling, by the adventitious nitrous acid? 1 do 
not deny but that, at firft fight,. the nitrous acid 
appears to contribute fomething to the generation 
of this acid, as all attempts to generate it without 
the affiftance of that acid have hitherto failed. I 
once thought, that the nitrous acid, being very 
greedy of phlogifton, is by that means able, du- 
ring the procefs, to fpoil the faponaceous mats of 
fugar fo far of its inflammable principle that it can 
at length give out its faline principle alone; yet I 
never could accomplith this end, either by diftil 
lation of fugar, or detonation with nitre; by di- 
geftion or deco€ion with vitriolic or dephlogifti- 
cated marine acid; nor finally by manganefe: 
however, although the experiments hitherto tried 
have proved fruitlefs, we are not authorifed to 

conclude that there is no poflible means of extra@t- 

ing the acid of fugar without the help of nitrous 
acid; at leaft, it cannot be proved by any proba, 

ble, much lefs conclufive argument, that nitrous 

acid enters into the compofition ef the acid of 

fugar.



ய  
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acid in any other inftance than thofe properties 
which are common to all acids: befides, it expels 

the nitrous acid from lime, terra ponderofa, mag- 

nefia, and metals (§ xxv.); yielding to the other 

acids nothing but alkalis (§ 111.). While the 

nitrous acid produces falts, either deliquefcent or 

eafily foluble, acid of fugar yields fuch as are 

fearcely foluble in water (§ vi. VIII. x1r. xy. 
XVI. X1x. xx1.). Allkalis, when nitrated, de- 

tonate with ignited phlogifton; but, when 
faccharated, thew not the leaft figns of deflagra. 

tion, which they evidently do upon the addition 
of the fimalleft particle of nitrous acid. The ni- 

trous acid corrodes tin and antimony, but fcarce 
ly diffolves them, while acid of fugar readily aéts 

upon them: phlogifticated nitrous acid, united 

with vegetable fixed alkali, deliquefces, does not 

form cryftals, and is readily expelled by vinegar, 
or even by acid of fugar, {till more loaded with 

phlogifton : all which circumftances by no means 

take place with refpect to the fixed vegetable al- 

kali united with acid of fugar. Many other diffi- 
milarities will occur upon comparifon, fo that thefe 

acids are of a nature not only unlike, but in many 

inftances diametrically oppofite. If any will attri- 

bute all the difference to phlogifton, I will not 
deny, that that fubtile principle forms a wonder- 
ful fource of difference; but the differences which 

take place here can by no means be attributed to 
this when properly examined. The nitrous acid 

is
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is weakened, and made far more volatile, by 
union with the phlogifton; the acid of fugar much 
more fixed, even when loaded with fo great a 
‘quantity as to be cryftallizable: —it almoft every 
where expels the ftrongeft nitrous acid, as experi- 
ments fhew; befides, the pllogifticated nitrous 
acid produces, with the very fame mattérs, com- _ 
pounds totally different from thofe with acid of 

_fugar. Nothing can be judged from circumftan- 
ces which are unknown, forged, or at belt pof- 
fible—and among all the faGs yet known, con- 
cerning the acid of fugar, we can find no figns of 
its being derived from the nitrous acid. 

However, let us enquire more deeply ; let us 
principally confult nature, not indifferently and 
flightly, fupplying the deficiencies with fiction, 
but candidly and properly, by apt and accurate 
experiments, otherwife her anfwers, like thofe of 
the ofacles of old, will be either delufive or am-~ 
biguous. 

But, by whatever means the acid of fugar is 
produced, it muft be confidered as diftin@ and 
different from all others, being always effentially 
and {pecifically the fame. Its fingular properties, 
fome of which are of confiderable ufe in chymi- 
ftry, thew that it deferves the moft particular at- 
tention: from the time of Stahl, many confider- 
ed the nitrous and marine acids as generated from 
the: vitriolic ; but if all confiding in this theory. 
(which yet is contradicted by daily ie ae 

ad
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falt, we fhall examine at what time ig. firt began 
to be artificially prepared. 

In the difpenfatories, alum enters many prepa- 
rations, liquors, collyria, gargles, plaifters, bo. 
lufes, pills, powders, and others: by its mild aci- 
dity it coagulates milk ; and it, befides, 012155 
a remarkable aftringent power. 

. In the arts alfo, and the ceconomy of private 
life, the ufe of this falt is very frequent ; it is add. 

» ed to tallow to make candles hard. ‘The printers 
cufhions are rubbed with burnt alum that the ink 
may flick; and for the fame reafon the inftru- 
ments.ufed for printing linen. Wood fufficiently 
foaked in alum does not eafily take fire: the fame 
is true of paper impregnated with it; which, for 
that reafon, is very proper to keep gun-powder, 
as it alfo excludes the moifture of the air: Paper 
impregnated with alum is ufefulin whitening filver 
and filvering brafs without heat; it is ufeful, add- 
ed to milk, which does not eafily feparate its but- 
ter; in the conglutinating of feveral fubftances ; 
in making the pyrophorus; in sees 5 and’ ma~ 

ny other manufactures. 

In the art of dying it is particularly ufeful, in 
the preparation of the matters to be dyed; for by 
cleanfing and opening the pores upon the furface 

bya gentle corrofion, it both renders the fubftance 
fit for receiving the colouring particles (by which — 
the alum is generally decompofed) and at the fame 
time makes the colour fixed.
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was firft difcovered in the eaftern countries; but 
when, where, and by what means, is unknown. 
On account of its fimilarity in aftringency, and its 
sufe in the arts of tanning and dying, the new falt 
has retained the old name, which was afterwards 
ealled mify. fory. eolcanthinn, or fhoe-maker’s 
‘black. 

Among the moft early ‘works eftablifhed for the 
preparation of alum, we may jultly number that 

“of Roccho, a city of Syria, now called Edefla ;— 
hence the appellation of Roch alum, a name which 
is generally fo ill underftood. that many to this 
day imagine that it is the fame as rock-alum. In 
the neighbourhood of Conftantinople there were 
‘many alum-works, as alfo at Phocaea Nova, now 
‘called Foya Nova, not far diftant from Smyrna. 
‘The Italians hired and made ufe of many of thefe ; 
but about the middle of the 1 sth century, they 
introduced the art into their own country, and 
that with the greater earneftnefs, as the ufe of the 
falt became more frequent, and occafioned the 

drawing large {ums of money out of the country. 

Bartholomew Perdix, or Pernix, a merchant of 

Genoa, who had often been at Rocha, difcovered 

the matrix of alum in the ifland of Ifchia, about 
the year 1459, and eftablifhed a manufactory 
there; at the fame time Jolm de Caftro, who had 

vifited the manufa¢tories at Conftantinople, difco- 
vered a matrix at Tolfa, by means of the ilex a- 

guifolium, which he had alfo obferved to grow in 
ர We 3 the
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the adjacent mountains of Turkey; and his opie 

mion was confirmed by the tafte: of the (100௩. 
‘The attempts made by the Genoefe at Viterbium 
and at Volaterre, fucceeded extremely well: the 
preparation of it in Italy foon increafed wonderful. 

ly faft; and the induftry of the natives was much 

‘ftimulated by an edi& of Pope Pius Il. prohibiting 

the ufe of oriental alum, and appropriating the 

revenue arifing from that made in Italy to carry. 

ing on the war againft the Turks, 
But the art was not confined to Italy: in the 

16th century a manufactory was eftablithed ar 

.Alemaron in Spain, in the neighbourhood of Car. 
thagena, which ftill fubfitts. ் 

There were many manufactories in Germany in 

1544, of which that at Schwemfel in Mifnia fill 

remains. Long fince, in the time of Agricola, 

alum was boiled at Commotau in Bohemia. 

The firft manufactory in England was eftablith- 

ed inthe reign of Elizabeth, at Gifborough, by 
ne Thomas Chaloner. 

The art of preparing alum made its way into 
Sweden very late; and although we have now no 
lefs than feven manufactories, not one of them was 
founded before the 17th century. 

The moft ancient, eftablifhed in Scania at An- 
drarusin 1637, had twenty two fingle, or twelve 
double boilers. (We fhall fee hereafter what is 
meant by double and fingle boilers), In this place 
the ftratum of aluminous {chift is very deep, be- 

ing
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ing upwards of 360 feet; but all the boilers are 

not ufed every year. In the year 1765, 2,735 
ton of alum were manufactured; in 1766, 3,099; 

in 1767, 2,423; and in 1768, 1,427.—A ton of 
alum weighs 344 lb. 

At Lofver, near Calmaria, in Smoland, another 

manufactory was built in.the year 1721; there 

were employed in this, befides one boiler for pu- 

rification, only four double boilers, although the. 

patent allowed five; much inconvenience being 

occafioned by bringing the mineral from Ocland, 

and by the fearcity of wood. [n 1765, there were 
made 1,020 ton; in 1766, 926; and in 1767, 
800 ;—the average for ten years was 1,000 ton. 

In Weft Gothland there are four; the firft at 

Mulltorp, near the town of Schafde; this has on- 
ly two fingle boilers, and the ore is in the -neigh- 

bourhood. In 1765 there were made go ton; 
in 1766 no more than 7t. 

At about half a mile’s. diftance from Oltorp, in 

the diftri@ of Dimbo, a patent was granted in 

I 726, for three fingle boilers; in 1765 were made 

357 ton; in 1766, 300. : 

A third at Kafvelas obtained, in 1748, a patent 

for two fingle boilers ; to which, in 1765, were 

added two more ;—+the ore is diftant a quarter of 

amile. This produced, in 1765, 312 ton; and 

311766, 293- 

A fourth at Henfeter in Kinckulle, obtained a 
: ¥ 4 ் right



344 OF THE PREPARATION OF ALUM. 

right of two fingle boilers in 1766 ;—the ore is 

found in the neighbourhood. : 

the greateft manufaCtory was eftablifhed at 

Garphyttan, in Nericia, in the year 1766, with a 

privilege of ten fingle boilers, which was increa- 

fed to thirty m 1769. Here, while the matrix js 

burned, the boiling is performed by means of a 
peculiar conftru€tion of the furnaces; and whe- 

ther we confider this manufactory with refpe& to 

the greatnels of the works, the convenience of 

the apparatus, or the goodnefs of the alum (which 

even excels the Roman), we mult acknowledge that 

it is beyond comparifon fuperior to them all, 

‘The diftri& of Ljung, in Oftro Gothland, has 

had for many years a privilege of boiling alum; 
but the work has not yet been fet on foot. 

Every thirtieth ton goes to the royal revenue, » 
A fingle boiler is 5: feet in breadth, 11 in 

length, and in depth at the front 3, at the rear 
2+, and contains 1,663 kannes, and 6 quadrants, 

The double boiler is of the fame depth and length, 
but is ten feet broad, and contains 3,025 kannes. 

ஃ 

§ 111, Proximate Principles of Pure Alum 

(4) Alum is an imperfe@ middle falt, confift- 
ing of vitriolic acid and pure clay; it takes up a 

confiderable quantity of water in cryftallization ; 
and, if the procefs be not interrupted, yields oc- 

a ee : taedral |
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fwells, foams, and at Jength remains quiet, {pon- 

gy, and friable. The quantity of earthy bafis may 

be determined by precipitation with fixed or vola- 

tile alkali. In this way, 10o parts of cryftallized 

alum are found to contain 38 of vitriolic acid, 18 

of clay, and 44 of water: let it be obferved, how- 

ever, that the earthy precipitate is not totally de- 

prived of its acid; for when the alkali is added, 

the fuperabundant acid is firft taken up, and thus 

_ a great part precipitates, its acid being diminifhed, 

but not quite abftraced; and hence the precipi- 

tate, by the affiftance of fire, partly decompofes 

feveral falts; and long continued digeftion in an 

alkaline lixivium, is neceffary to feparate all the 
acid. 

(c) Chymifts have differed in opinion concern- 

ing the nature and proper name of the earth of 

alum. Mefirs Geoffroy and Hellot firft extra@ed 

it from common clay; Dr Pott did the fame, but 

feems to confider. it rather as a produdtion than a 

feparation : at length the celebrated Margraaf, by 

experiments which deferve well to be attended to, 

demonttrated that all clay upon the furface of the 

earth confilted invariably of two principles mecha- 

nically mixed, one of which forms the genuine 

earth of alum, which is perfe@ly different, from, 

calcareous, gypfeous, or metallic earths, and from 
magnefia. Lam not certain whether this may be 
derived from the calcareous earth: to determine 

this point I have made a great nymber of experi- 

ments
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“ments of different forts, but have not thence been 
able even to form a conje@ture. Vague fimilitudes 
in certain properties are never fufficient to deter- 
mine a perfon who earnettly feeks for truth, and 
is not fhackled by hypothefis—Since then the 
earth of alum is found to poffefs different proper- 
ties from other earths, it ought to be diftinguith- 
ed from them; and, fuppofing it in reality deri- 
ved from the calcareous or any other known earth, 
yet it requires the addition or abftra@tion of fome 
other principle; for the bare change of magni- 
tude or figure in the particles will never account 
for fo great a difference; and therefore the primi- 
tive and derivative earths (fuppofing them to be 

- fo) muft be confidered as diftiné and feparate. 
Befides, as an equal quantity of the earth of 

alum may be extra@ted from a given common 
clay, by means of different acids, it muft be only 
mixed with thefe clays; for if it was generated by 
the menftrua during the operation, it would no 
doubt vary both in quantity and quality, accord- 
ing to the differences of the menftrua: but the 
moft accurate experiments prove the contrary, 
as they always procure the earth of alum the fame 

in quantity and quality, and the very fame refi- 

duum; and fynthefis, in*this cafe, produces full 

conviction: for if the earth of alum, and a due 

proportion of filiceous earth finely powdered, be 
added together, they regenerate common clay. 

at
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_ @f 70 lb. in 100 of filiceous matter, is called clay. 
Now, it is evident that this foreign fubftance, by 
the largenefs of its quantity, muft temper the qua- 
lities of the pure clay. The argillaceous earth 
contraéts by leat very much, even, to half its 
bulk: hence, if it be ufed for ciéling or plaifter 
ing, it neceffarily cracks, and {eparates from the 

- walls, when a fufficient degree of heat takes place ; 
hor can it adhere to them, unlefs when fufed, an 
operation which pure clay cannot be made te un- 
dergo, even in the focus of a concave mirror ; 3 but 
the addition of filiceous earth reftrains the propen- 

fity to contraction in the whole mafs, fo that it re- 
mains of due dimenfion ; and this property is well 
known to builders, ole conftantly avail them- 
felves of 162). 176 who attempts to make well 
depurated earth of alum fufible, by mixing it with 

“9 (6) © Clay fo much burned as to ftrike fire produces the 
fame effe& as fliat; which proves, either that flint ferves 
like any other matter not capable of contraéting, or that 
by burning clay approaches the nature of flint: it certainly 

undergoes a confiderable change in the fire, as it lofés the 

property of being diffufible in water. Such fa@s, known 
only by means of manufactures, afford very little infight 
into nature, till chymiftry has examined them carefully.’? 

“ ® Morveau.—That clay does not change its nature by being 

burned, appears evidently from an experiment with which 
M. de Morveau was feemingly unacquainted :—if hardened 
clay, fuch as cannot be treated with water, be diffolyed in 

vitriolic acid, and then precipitated, it regains its former 
properties, and may be diluted by water. B, 

common



350 OF THE PREPARATION OF ALUM, 

common clay, either confounds the clays with 

others, containing not a particle of clay, ox 

has never made the experiment.—The fame jg 
true of other pretended qualities :-—alum fwells, 

pure clay doe not—the earth of alum, deprived 

of all its acid, and the precipitating alkali adhe- 

ring to it, does not fufe with calcareous earth, 

without the addition of a flinty matter, as the cele. 

brated Macquer has fhown; but we mutt take care 

that the calcareous earth contains no ilinty matter, 

which fometimes happens ; for in this cafe the ex~ 

periment will fail, becaufe the fmalleft particle of 
flint communicates a பன் of fufibility to the 
two ingredients. 

(ஐ) 100 parts of ceyflallized alum requires, if 
a mean heat, 1,412 of diftilled water to diflolye 

them, but of boiling water only 75; fo that 4 
kanne of water, in a moderate heat, takes up 

2,992 grains of alum, and by a boiling heat 

56,333-—Lhis folution has a {weetith aftringent 
tafte. 

The fpecific gravity of alum, computed from 
the increafe of bulk, or of diftilled water into which 

itis put, is 2,071, if the air-bubbles aes 
during. the folution be removed; but if they are. 

taken into the computation, 1,757. © This air is 

not taken away by the air-pump; but if heat be 
applied during the folution, it flies off, and upon 
examination is found to contain nothing but aerial 
acid. : 

S iv,
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§1v. luminous Ores. 

The ores from which alum is artificially prepas 
red are of twokinds; the one contains the alum 
already formed, the other its proximate principles, 
which unite on roafting. Thefe muft be confi- 
dered feparately ;—and we fhall firft examine the 

latter fpecies, a8 being beft known, and moft fre- 
quently met with. 

(4) The aluminous fchift is nothing more than 
an argillaceous fchift impregnated with a dried pe- 
troleum, and thereby rendered black, The oil is 
eafily extracted by diftillation: if, by means of 
menitrua, we analyfe it entirely, many ingre- 
dients appear; namely, an argillacecus martial 
fubftance; often amounting to 2; a filiceous, 
forming 2 =3 and generally.alfo a fmall portion of 
calcareous earth and magnefia; the reft is all py- 
ritous. 

During the roafting, the bituminous part is ex- 
pelled, and the pyritous decompofed; fo that a 
part of the acid adheres to the iron, and the reft 
to the pure clay: hence are produced at once 
alum and green vitriol; and if there be prefent 
any calcareous’ earth, or- ம் they are vi- 
triolated: 

Nothing faline is extra€ted- by water re the 
ichift before the roafting, though it be well pow- 
dered ; nor can, the tafte difcover any veltiges of 

a
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a faline matter : hence alfo it appears to be gene- 

rated during the operation; and for that purpofe 

nothing feems to be neceflary but the prefence of 

a pyrites; this fometimes fhews vifible nuclei of - 

different fizes, but is generally difperfed through, 

the whole mafs, in the form of very minute par-. 

ticles: the goodnels, therefore, of the ore, is to 

be eftimated by the fuitable quantity and equal. 

diftribution of the pyrites. ல் 

That which contains the pyrites fo copionfly 

that it is vifible, is rejeéted, there being too much 

iron in it—in the mean time, the moft denfe and 

ponderous is moft efteemed ; the weight manifeft-. 

ly difcovering a pyrites, without which no alum is _ 

obtained. In this point there’ generally occurs a, 

confiderable differences, which arifes, doubtlefs, 

from the unequal. diftribution of the pyrites: 

hence’a ftratum adjoining to one of the beft kind, 

is often of little or no value. ‘Vhe ore which pro-, 

duces lefs than 4 1b. in 100 does not, with us, pay, 

the expence of the procels. : 

_ Sometimes this ore produces falts without the 

application of fire ;-but we muft. obferve, that in- 

this cafe it is never found, but has undergone more 

௦116 of a fpontaneous calcination. —_. 

A {imall piece expofed:to fire upon a coal with a 
blow-pipe, often decrepitates ; but when once 

made thoroughly hot, it fmokes, with a bituminous 
fmell, and eafily. melts.:—with mineral allcali it ef- 

fervelces violently, and.is divided, but not entire- 
ன் ் ly





354 OF THE PREPARATION OF ALUM. 

cracks fo much as to affift the efflorefcence and ¢. 
lixation. 

When examined by the blow-pipe, it does not 

flow of itfelf; with the mineral alkali, at firft it 

thews a momentary effervefcence, but is not diyj- 

ded, much lefs diflolved ; with borax and microcof- 

mic falt, it effervefces, and is at length all taken 
up, exaétly in the fame manner as burned alum, 
‘Thefe phaznomena abundantly fhew, that the alum 
is ready formed, but inveloped in a large quan. 

‘tity of clay. his mineral, therefore, reduced 

to a fubtile powder, and treated in the ufual way. 

with vitriolic acid, is almoft all converted into 
alum, which could not be the cafe with calca- 

_ reous earth.—I found that the fmall portion which 
remains is more frequently filiceous than gyp- 

feous (d). 

_ At Solfatara, near Naples, the old lava is at 
prefent whitened by the phlogifticated vitriolic a- 

cid, the clay is changed into alum, the mafs வி, - 

refees, and is refolved into a white earth, from 

‘which a faline matter is extra€ted by water. I 

examined roo of the white earth, and found in it 

(d) According to Mr Monnet, it does not contain 

alum perfectly formed ; but is a combination of nearly e- 

qual parts of clay and fulphur, which is reduced to alum 

during calcination, by expofure to air. He likewife found 

a little martial earth, to which he aferibes the reddifh co- 

lour of the alum, and a little vegetable alkali’? (Journal 
Piyfique, Supplement, p. 338.). Morveau. 

8 Ib.
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§ v. The Preparation of Alum includes a Num: 
ber of Operations. 

After the foregoing obfervations, we fhall be 

able the more eafily to underftand the differene 

circumflances neceflary for the preparation of 

alum. The mechanical parts of the procefs 1 pafs 

over, as not immediately belonging to our fub. 

je&t. The firft chymical operation which occurs 
is one of the chief; namely, the preparation by 

' which the matrix is either made aluminous, or at 

leaft fit for elixation: the next is, the extra@ion 

of the alum by water, then the cryftallization, and 

finally the depuration ; unlefs all the operations be 
performed both with {kill and accuracy, the alum 
obtained will be deficient either in quantity or qua- 

lity: we fhall therefore examine them all feparate- 
ly, and, by diving as far as poflible into the nature 

of them, difcover the circumftances neceflary to be 
attended to. - 

G vie The Calcination and Roafting of ae 
Ore. 

The bituminots ore, in its found and natural 

' flate, contains indeed the vitriolic acid, and the 

argillaceous matter, but, not yet combined. In 
, order that the pyrifes may yield its acid for that 

end, it is neceflary that it. fous be, deftroyed 5 
and
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and this may be effeCted, cither by a flow fponta- 
neous calcination, or by roafting; which laft re- 
quires lefs time. 

(4) The deftruGion of the pytites its neceflary, 
that its fulphur may be deprived of phlogifton; 
for when that is diffipated, the vitriolic acid being 
fet at liberty, attacks partly the iren, partly the 
clay: the vitriol generated is fo. far deprived of its 
phlogifton by age, that clay is able to take away 
the menftruum from the iron (xB), but pyrites 
fuffers no fuch change, fo long as it remains dry, 
and fhut up from the accefs of free air;—the ~ 
conditions then neceflary to fpontaneous calcina- 
tion are eafily found to be the following : 

1ft, The ore ought to be of a loofe texture, 
that it may be penetrated by the air, and the 

-moifture: the Swedith ores, on account of their 
hardnefs, can fcarcely be treated in this way, un- 
lefs they be firft pulverized, which occafions toa 
much trouble: but the earthy ores are not only 
unfit for this purpofe, but for poate as they 
extinguith the fire. 

adly, That there be a determinate acces of 

moifture and air, for too much or too little is in. 

jurious ;—too much water deluges the mafs, and 

excludes the air; too little, befides being infufli- 

cient in quantity, acts more flowly; and upon 

thefe circumftances depends the proper adjuft- 

ment of the fize of the heaps: a moderate accefs 

of air is moft proper, as too great a one dries too 

Z 3 fatt ;
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falt; experience only can determine what is fx. 

ting upon different occafions. 

3dly, The bottom on which the ore is laid for 

fpontaneous calcination fhould be of clay, or at 

leaft fo compact as that water can hardly penetrate 

it, and befides furrounded with a trench to re. 
ceive the rain-water, when fuperabundant; the 

fides and bottom of this trench muft be fe con- 

ftruéted that they will not fuffer the elixated f- 

line matters to pafs off ;—if the ore be fet to cal- 

cine in a houfe, the laft caution is unneceffary, 

As the nature of the ores, and local circumftan- 

ces, are liable to much variation, general rules 

cannot be eftablifhed, but the operator muft be 

‘determined pro re natdé ; and in this, whoever 

underftands the nature of the materials, and of 

the operation, will find no difficulty. 

(8) The roafting is effected in a much fhorter 

time, by means of fire. ‘This is generally practi- 
fed in Sweden, and is performed in the following 
manner :—fmall pieces of the black fchift are 
ftrewed upon a layer of burning fticks, to the 
thicknefs of half a foot; when the fticks are con- 

fumed thefe are covered, nearly to the fame thick- 
nefs, with pieces before burned, and four times 

elixated : thus {trata are alternately laid of fuch a 

thicknels, and at fuch intervals of time, that the 

fire may continue, and the whole mafs grow het. 
and fmoke, but not break out into flame; the 
‘upper firata may fometimes be encreafed to a 

: double
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double thicknefs, on account of the long continu- 

ance of the fire;—when about 8 ftrata are laid, 

another row is placed parallel and contiguous to 
the firft; when this is finifhed, a third; and fo 

on, until the heap is of a proper fize—it rarely 

confifts of more than :o rows. The ore, when 

_ only once roafted, contains ftill fo much phlogi- 

fton, that water aéts but little upon it; but when 

two or three times expofed to the fire, it yields 

its principles more freely ; nay, the roafting may 

be repeated to advantage, until the whole is redu- 

.ced to powder. The bitumen fuftains the fire,’ 

and it is for this reafon that we ufe alternate lay- 
ers of the crude fchift; and for the fame reafon, 

im rainy weather, the ftrata of unburned fchift 

fhould be thicker. An heap 20 feet broad at 
the bafe, 2 feet at the top, and confifting of 26 
rows, is finifhed in two or three weeks, but re- 

quires two or three months to be well burned, 

and three weeks to’cool;—the greater pyritous 

nuclei explode like bombs. 

By a moderate and fomewhat fmothered fire, - 

the fulphur of the pyrites is flowly confumed, 

and the phlogifticated acid, penetrating the mats, 
is fixed; after which the remaining phlogilton is 

gradually diffipated. The chief artifice is modera- 

ting the heat fo as to avoid with fafety the two ex- 

tremes ; namely, left, on the one hand, the ore , 

be either infufficiently or too flowly prepared by a 

weak heat; and on the other, left cither the ne- 
L4 ceflary
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fite to fuftain the fame, that it cannot alll be clix. 
ated: hence, fo long as this method is employed, 
we have an heap, which can never be ufed, per- 
petually accumulating. 

In fome foreign manufattories fire is firft em- 
ployed, and afterwards {pontaneous calcination : 
it is impoflible to determine generally which is the 
beft method, as that entirely depends upon the 
mature of the ore, and other circumftances. 

(c) As to the hard ores which. contain no bi- 
tumen (fuch as thofe of Tolfa) thefe are burned 
upon wood for fome hours, like lime-ftones, un- 
til by cracking they grow pervious to water, and 
efflorefce. As foon as the flame grows white, and 
the fmell of phlogifticated vitriolic acid appears, 
the fire is extinguifhed. When the ore grows cold 
thofe particles which were neareft to the fire are 
placed outermoft, and thofe which had been out- 
ermoft, within; and the fire is again lighted. It 
is better to burn too little than too much, left the 
vitriolic acid be expelled: the ore is fufficiently 
burned when it can be broken by the hands.— 
The ore is then heaped up near certain trenches, 
and is watered about five times a day, and parti- 
cularly when the fun fhines clear; a continued 
rain and cloudy fky ruin the operation, When 
the ore can be reduced to a pafte in the hand, it 
is fit tor boiling (7). as 

(a) The accounts differ. Mazeas fays, that water is 
poured on the burnt ore 14 days (Scav. Etrang. t. v.) 

் Fougeroux,
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- The powdery ore fometimes requires no prepa. 

ration, yet at the manufactories of Puteoli they 

frequently enrich it im this manner :—they heap 
up the larger pieces, where the vapours of phlo- 

gifticated vitriolic acid break forth, and when well 

penetrated with this, they yield a larger quantity 
of alum. ‘ 

§ ‘vit. Elixation of the Ore. 

(4) The ore, enriched with alum, and made 

pervious to water, is boiled, and that in various 

ways at different places.—At Puteoliit is perform. 

ed in the moft commodious manner: a leaden 

cauldron, buried in the ground, is filled with the 

ote (which is often dug out to make room for the 

cauldron) and water being poured on, it foon be- 

comes well impregnated with alum by the heat of 

the fun, which here arifes to 46° (6). At Tolfa 

the calcined ore is thrown into the cauldron, and 

boiled. 
() In ours, and many foreign manufactories, 

a cold elixation is performed. I thall give fome 

‘account of the method which was ufed at Gar- 

Fougeroux, ‘whom I have generally followed, fays 40 

(Mem. Paris, 1766); Angerften, 14, and at moit 2௦, 

So alfo with refpe to the time of burning, Ferber fays 

it is 3 hours, Fougeroux 12 ; and he mentions that it is 

repeated. Ferber fpeaks of urine and chalk being added, 

&c. Perhaps the procefs was different at different times. 

(6) Nollet Mem. Paris, 1750. 
phyttan,
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(c) Care fhould be taken to fave fuel as muck 
as poflible; it is therefore of great moment to 
have the lixivium, before boiling, richly impreg- 

nated with alum; for the more rich it is when 

“poured intg the boiler, the fooner it is cryftalli- 

zed: it fhould not therefore be put into the boil. 

ers until faturated when cold. This faturation is 

neglected in fome places, where every thing is 

tranfacted without deviating from the manner firft 
ufed; in other places the tafte is employed asa 
criterion; but thofe who examine more accurate. 

ly, make ufe of a balance in this manner :—the 
weight of water which fills a {mall plafs bottle is 

divided into 64 parts, each of which is called a 

panning ; and the quantity by which the fame 
bottle, full of lixivium, exceeds it when filled 
with water, is fuppofed to indicate the quantity 
of falt diffolyed: and thence they form their judge- 
ment (c). 

This method, properly corrected, is fufficiently 
-accurate—The divifion into parts is arbitrary ; 
but the moft commodious divifion with refpe to 
the weights in ufe, and the calculation, ought to 
be chofen: I fhall therefore give fome general for- - 
mulge:—let the capacity of the bottle expreffed in 
cubic inches be m; n the number of parts into 
‘which it is thought proper to divide it: let a cubie 

inch of diftilled water weigh 422,5 grains; then 

(c) AG. Stockholm, 1743. 

the
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the weight of one panning will = 422,5 =; that 
of the whole capacity filled with water 4225 m; 
that of alum of the fame bulk as a panning 
= 874,9 =: when the lixivium which fills the 
bottle is = 422,5 m-+ 422,5 னு 1 then 
immediately concluded that the ப with 
which the-water is loaded is = 422,5 =; but 
erroneoufly, for recent experiments fhew, that 
falts diflolved always (d) increafe in bulk; and if 
this be always done in the fame proportion, and 
the whole increment be fet down aluminous, 
422,5 > + 452,4 = = 874.9 =, will exprefs the 
true quantity'diffolved. And in general if p de- 
notes the number of pannings found in the {eales, 
the alum contained in the bottle will be 874.9 —, 
and in the kanne 87,490 8. 

But to return to the common practice :—the . 
perfons who fuperintend the works contend, that 
the cold lixivium ought to be made no richer than 

when the fuperpondium is equal 45 pannings, 

which, according to our computation, fhews the 

water to be loaded with ன of its own weight. 

They affert, that if the fuperpondium amounts to 
6 pannings, which is +, the cryftals are depofited. 
Thefe propofitions cannot hold equally good du- 
ring the whole time that the work is going on, as 

(2) R. Watfon, Phil. Tran 1770. 

the
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the temperature of the atmofphere varies much 

‘during that time. We fhewed before that diftilled 

water, ina moderate heat, takes up about 2 of 

its own weight, which, upon computation = 2= 

pannings, Wercfore = cannot be taken up, unlefs 

in a heat more than moderate. But we mutt ob. 

ferve, that in the bituminous minerals, befides the 

alum, there is always vitriol of iron, which is 

more foluble; there is alfo fometimes vitriolated 

magnefia ; and befides, the more fubtile earthy 

particles, mixed mechanically during the opera- 

tion, remain long fufpended, unlefs the lixivium 

be filtered. 

The water is generally impregnated by a fuffi. 
cient quantity of the prepared ore: it feems pro- 

bable that more would be obtained by hot than 
by cold water; but this is denied by thofe who 

daily attend thefe operations (ce), 

(ஐ) From what has been faid it appears that 
the gradual operation, as it is called, can hardly 

be ufed to advantage in the alum works, as, of 

all the contents of the lixivium, alum is the moft 

difficult of folution. 

Congelation is here of no: ufe; for water fatu- 

rated with alum freezes almoft as readily as fimple 
water : and all other falts prevent congelation more 
than alum. 

(c) M. Moryeau wonders that an aerometer is not em- 
ployed, in order to determine the concentration’ of the 
leven Be 

tn





368 OF THE PREPARATION OF ALUM. 

pannings; that is (according to our computa- 
tion) if the water be loaded with =. its own 

weight. Now we faw that it could take up above 

+ its own weight (§ 11.) that is, nearly equal to 

27 pannings 5 but the lixivium cannot be fo much 

loaded, as it muft be depurated by ftanding quiet, 

before any cryftals form (7 ). 

The lixivium, fufficiently concentrated by eva- 
poration, flows through channels into coolers, 

(f) Nothing would be more advantageous for judging 

with precifion concerning the degree of boiling which 

the leys have undergone, than the aerometer. This ins 

flrument fhould be made of metal; that it might be lefs 

Wable to be broken; it fhould have fufficient ballaft, that 

it might fink into the liquor, and ftand upright ; and after 

having once marked upon the ftem the degree at which it 
ftands in a ley fufficiently concentrated, it might be hit. 

again with certainty, and the flighteft infpection would 

be fufficient. I ¢ontrived fuch an one fix or feven years 

ago for a fugar refinery; a procefs in which the degree 

of boiling is flill more important. This was determined 

before by putting a drop of the liquor upon the nail, and 

drawing it out intoa filament, to expofe it more com- 

pletely to the conta& of the air; infomuch that the moif- 

ture, heat, and agitation of the atmofphere, befides other 

accidental circumftances, concurred to render this fign 

very equivocal. The conduGtor of the work aflured me, 

that this inftrument had been very ufeful to him; and E 

know that it was afterwards introduced into other res 

fineries. M. Baumé had before advifed the ufe of it, in 

order to judge of the infpiflation of ப் rups (Z£/. de Phar- 

macit, Pp. 555-). Morveau. 

where
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portion to the furface, the delay is much dimi- 

nifhed. In order to exclude duft, a very thin 

filk, or a large glafs bell, may be put over the 

liquor: by this method I obtained from a kanne 

of the-lixivium 1,933 grains of cryftallized alum, 

and of a fhapelefs acid faline mafs, 5,790 grains ; 

thefe were dried upon bibulous paper ;—even the 
cryftals themfelves, upon the addition of phlogi- 

flicated alkali, yielded Pruflian blue; I therefore 

tried another method of feparating the falts, and 

that with better fuccefs :— 

I firft precipitated the iron with phlogifticated 
alkali, then the earthy part with fixed alkali, in 

order to take up the fuperabundant acid ; I again 

diflolved this earth, when wafhed, in vitriolic acid, 

the gypfum remained at the bottom; I weighed 

the liquor, filtered, cryftallized, and dried; I to- 

tally deftroyed the aluminous part of the falt re. 

maining, by chalk; and, finally, filtered and cry- 

ftallized the liquor which remained ; this produ- 
ced nothing but vitriolated magnefia. 

1 determined the quantity of fuperabundant 

acid in the following manner: I added {mall ple- 

ces of cryftallized fal fode, thefe foon grew red 

from the precipitated iron, but were foon diffol, 
ved: I continued to add the alkali, until fome re- 

mained undiffolved; at the fame time I faturated 
a known weight of that vitriolic acid, commonly 
called oil of vitriol, with the fame alkali, and 

hence
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hence learned to compare the fuperabundance with 
the quantity of this oil. 

Thefe experiments fhewed that there were, in 
each kanne of the crude lixivium, 15 grains of 
gyplum, 3,889 of vitriolated magnefia, 2,933 of 
alum, 809 of martial vitriol, and fo much difen- 
gaged acid as was equal to 72 grains of common 
oil of vitriol, 

The vitriol of iron which appears here is of a 
peculiar nature, for the lixivium does not depofit 
an ochre on boiling, or on {pontaneous evapora- 
tion to drynefs, but holds its colour perfe&; yet 
that it contains iron very much dephlogifticated, 
is eafily gathered from the ferruginous colour of ~ 
the martial precipitate, occafioned by a fixed al- 
kali: the cafe is very different with a folution of 
common. vitriol, 

§ x. 

From the preceding paragraph, it evidently ap- 
pears, that there is prefent in the lixivia a greater 
quantity of acid than is neceffary for the forma- 
tion of alum. he queftion is, whether this im- 
pedes the cryftallization, or promotes it? Many, 
among whom is the celebrated Margraaf, affert 
the former; but an experiment publifhed_in 
1744, by Mr Baron, fuggefted the latter Opinion 
to fome.—The experiment is this: concentrated 
vitriolic acid, added in large quantity to a folution 

of
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pened here, it muft have arifen fron) the latter 

glaffes being richer than the former, on account 
of the contraction of bulk by cooling. 

That the evaporation fhould proceed fenfibly du- 
ring the whole time of the procefs, the broad fur- 

faces give reafon fo expe&t; and all the pheno- 

mena demonitrate that it was fo. It is otherwife 
in the manufactories (§ vitt. c). re 

(c) To avoid the exception arifing from the in- 

equality of the drops, I made the experiment in 

the following manner :-—I diflolved 215 grains of 

pure alum in diftilled water, in a fmall cucurbit, 

and evaporated over the fire until the furface of 
the liquor correfponded with two oppofite marks 

on the narrow neck, which, according to former 

experiments, indicated that the warm folution was 
fit for cryftallization; I therefore poured it out 
into a glafs: in the fame cucurbit, after wafhing 

it, 1 again diflolved and evaporated 215 grains, 

with the addition of 24 grains and an half of con- 
centrated vitriolic acid. ‘This folution was poured 

Out into a glafs fimilar and equal to the former. 
I repeated the experiment a third time, with no 
other alteration than the addition of 53 grains of 
vitriolic acid. The glaffles were then all fet clofe 
together, in a place the temperature of which 
was 10°. After 56 hours, I colle@ted the cry- 
ftals, and left them untouched for 12 hours, up- 

on bibulous paper, many times doubled. At the 
expiration of that time I found the weight of cry- ' 

{tals
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is deftroyed by the addition of clay : and let not thig 
be thought contradiétory to the general laws of 
attraction. It is indeed true that iron, put intoa 

folution of alum, is diffolved, and precipitates the 
earthy bafe of the alum: as alfo that, when Vitriol 

1 ¢ both in the fame folution, if an alkali 
dually, and without agitation, the 
eous earth will be firft precipitated, ° 

and afterwards the greenith martial earth. But 

this is only true of iron in a metallic ftate, or but 

little dephlogifticated ; for if the inflammable prin- 
ciple be any further diminifhed, the efficacy of at- 

traction is thereby fo much weakened, that the 

iron, being now calcined, will yield the vitriolic 

acid to pure clay. The truth of this affertion may 

be proved many different ways: thus, let a por- 
tion of alum be diffolved in a lixivium of highly de. 

phlogifticated vitriol; let an alkali be then added, 

and ochre will be precipitated firft, and not un- 

til after it clay; befides, if clay be added to fuch a 
- lixivium, and boiled, alum is formed; and, pro. 

vided there bea fuflicient quantity of clay, the 

whole of the vitriolic falt will be deftroyed. 
Thofe who are fond of wonderful tranfmuta- 

tions, and accordingly fee them in every thing, 
will in this inftance rather fay, that the martial is 
commuted into an argillaceous earth: they add, to 
finith the demonftration, that the falt elixated from 
golcothar of vitriol not only (like alum). refufes 
to cryftallize without the addition of a little ve- 

getable 
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getable alkali, but alfo yields tranfparent cryftals, 

which refemble alum in the aftringency of their 
tafte. 

Thefe phenomena are true, but the conclufion 
deduced from them is erroneous. The more fre- _ 

quently vitriol of Mars is diflolved, anda again cry- 
ftallized, the more it is deprived of its green co- 
lour, and at length it totally lofes it; hence the 
watery colour of the falt obtained from colcothar: 
the tafte is aftringent, like that of vitriol, but with 
fome {mall difference, the metallic’ bafe being here 

deprived very much of its phlogifton: befides, 
that the falt got from colcothar moft commonly 
does not contain a particle of alum, there is no 
doubt; for every common vitriol owes its origin 
to. pyrites, which “is rarely without fome clay ;" 
therefore we have no occafion for a metamorpho- 
fis to account for the produdtion of alum: but 

_ that vitriol, which is formed of iron and pure vi- 

triolic acid, never fhews the fmalleft veftige of 

alum; and the colcothar falt obtained from fuch 

vitriol, upon the addition of a fixed alkali, depo- 
fits nothing but an ochre; but with a phlogifti- 
cated alkali the whole bafe is converted into a 
Pruffian blue. 

From all this it evidently follows, that an alu- 

minous lixivium, which is only contaminated by 
dephlogifticated vitriol, may be at once enriched 
and depurated, by the addition of pure clay free 
from vitriolic matters. 

Bb, (c) A
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(c) A lixivium containing perfec vitriol cannot 
be freed from it to any purpofe, either by clay or 

alkali; for the former effects no decompofition, 
unlefs in fo far as the vitriol js dephlogifticated by 

long boiling : the latter, although it can deftroy 

all the vitriol, yet it cannot effect this, fo long as 
any alum remains, which yields its acid more rea, 

dily. 

§ மாரா, 

Tn applying the magiftral lixivium to ufe, we 
muft take notice of many varieties, the chief of 

swhich depend upon the admixture of a vitriolic 

falt, as this renders the alum unfit for certain pur- 

*pofes; and, if the quantity be large, renders it 
unapt to cryftallize. However, we mutt alfo take. 

into the account vitriolated magnefia, which not 

unfrequently is found mixed with it. 
(a) A magiltral lixivium containing alum alone, 

is {carcely found any where, except at Tolfa. Mr 

Fougeroux de Bondaroi obferves, that this, ex- 

pofed yery much to the air in broad thallow vef- 
fels, by degrees, though flowly, yields genuine 
alum, in the fame way as clay-artificially combined 
with vitriolic acid, which, though in the ufual 
way it only affords incoherent eryftals, affords ve- ° 
ry complete ones by a flow fpontaneous. exficca- 
tion. 1 have not yet been able to difcover the 
reafon of this phenomenon; but in the foregoing 

pages
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pages I have mentioned, that this difpofition to 

eryftallize may be induced by the addition of a 

little vegetable or volatile alkali, but not by the 

mineral alkali, or lime (§ xt. 4): 
In the magiftral lixivia there fometimes occurs 

a fpecies of fat, as is judged not fo much from its 
vifcid appearance (which may be oecafioned by the 
quantity of the matters diffolved) but from its na- 

ture and properties; for a faturated folution of 
alum, in the fame manner as other falts, if kept 

Jong, or boiled in a glafs veflel, communicates to 
the glafs the property of repelling water, as if it 

had been fmeared with oil, and wiped with a cloth. 

So long, therefore, as we know no other bodies 

but oils which communicate this property, we muft 

conclude, that fomething at leaft analogous to oil 
is in the lixivium. 

(8) The lixivium containing perfe& vitriol, fo 
long as it is rich in alum, may be employed, as it 

ufually is, but only for the preparation of com- 
mon alum ; whereas, if the vitriolic falt abounds, 
it muft either be cryftallized into a vitriol, or elfe 
be fo deftroyed as to produce alum, which may 
be done in the following way :—let the lixivium 
be reduced to a tenacious mafs with clay, and 
formed into cakes, and thele be expofed in an 
houfe to the open air; by thefe means the phlo- 
gilton, which is powerfully attraéted by pure air, 
is by degrees feparated from the iron, while the 

i by its er attraction, takes up the clay; 

‘ the
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the calcination is accelerated by fire, but it muft 
be cautioufly employed, left the acid fhould be 
expelled: the lixivium is thus treated to much 

more advantage than by continued boiling, partie 

| cularly when it contains but little alum (4), as is 

the cafe in our manufactories about the end of 

the fummer. as the noxious foreign matters are 

increafed on every boiling 

(c) The lixivium, containing dephlopifticated 
vitriol, may be advantageoufly treated, by adding 

clay during the boiling: the reafon has been al- 

ready explained (§ x- 8), fo that we need not 
dwell upon it here. 

(p) The lixivium containing perfect vitriol, and 

vitriolated magnefia, is the moft common in our 
manufactories ; this may be employed in the ordi- 

nary way for the preparation of common alum, in 
the beginning of fummer, and fo long as the he- 
terogeneous matters haye not accumulated too 

much; but when that takes place, it is proper to 
feparate the vitriolated magnefia; for this purpofe 
it is neceflary to decompofe the vitriol, and ௨10 
the’alum, for they cannot be feparated by cryftal- 
lization (§ 1x.) ; this is beft done by a calcareous 

powder, which muft be unburnt, as, if burnt, it 

would alfo decompofe the vitriolated magnefia: 
this powder is to be added by degrees, left the 

effervefcence fhould occafion the mafs to {well over 

(4) Vid. Monnet fur ?’Alunation. 

the
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the fides of the veffel: a juft proportion removes 

the falts, by the affiftance of agitation and heat ; 

phlogifticated alkali will readily thew whether there 
is any thing martial remaining. In the place of 
the decompofed falts there remains gypfum, but 
only a very {mall portion of it remains in the lixi- 
vium ; for, on account of the deficiency of men- 

ftruum, the greateft part falls to the bottom along 
with the ochre and clay. As foon as the liquor 
has fubfided and grown clear, it muft be carefully 

decanted into another veffel, and evaporated until 
a drop let fall upon a cold fubftance fhews cryftals 

in a few minutes ; it is then to be removed from 
the fire, and, on Eee it produces ee 
magnefia. 

If in our manufa€tories all the magiftral lixi- 
vium which is unfit for making alum was treated 

“in this manner, we fhould undoubtedly obtain as 
much Epfom falt as is confumed in all Sweden : 
this falt is mow imported ; whereas, if at the fame 

time this and other means were ufed, we might 

be able to’ export to all Europe. 
It is evident that this lixivium may alfo, by the 

methods above defcribed, be employed for the are 
tificial preparation of the matrix of alum. 

(£) The magiftral lixivium has always a fuper- 
abundance of acid: we found in one kanne near- 
ly five ounces; fo that in a fingle boiler there are 
nearly 2501b.: but vitriol, when well dephlogifti- 
cated, retains its acid fo loofely, that it may eafily- 

be
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that medicines of very different qualities may be 
produced by the fame formula, and that not only 

in different fhops, but in one and the fame. 

The danger hence arifing is indeed but f{mall, 

when the lefs powerful preparations only are fub- 

ject to this inconvenience; but from what fol- 

lows, it will appear, that this is often the cafe 

with thofe which are poffefled of confiderable 

activity: : 

‘For example, let us fuppofe an emetic, or a 

purgative made by the fame formula, and, never. 

thelefs, that the medicine does not always pro- 

duce the effect defired, that it at one time has 

little or no effect, at another acts moft violently ; 

in this cafe, beyond doubt, the life of the patient 

is endangered, the credit of the phyfician inju- 

red, and preparations which, if rightly adjufted,' 

would be of the moft material advantage, fall pra- 

dually into difrepute, and at length into total dif- 

ule. ‘ 

All thefe inconveniencies are found to take 

place in many officinal preparations, particularly 

thofe of metals, many of which, though known’ 

by the fame name, are in degree of efficacy en- 

tirely unlike. 

8 1.” Antimonial Emetics. 

From the moft remote times antimonials were 

known to poflefs an emetic quality: this pros 
perty
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ploys the flowers of antimony. As to tlie pro- 
portions, the Ratifbon, Vienna, Utrecht, Wir- 

temburg, London, and Brandenburg, employ an 

equal weight (m) of tartar and of the metallic 
. matter; the Edinburgh and Paris double that. 

quantity : there is alfo a difference with refpe& to 

the quantity of water. In the Vienna and Edin- 
‘burgh difpenfatories, 12 parts of water are order- 

edto one of tartar; 6 in the Wirtemberg ; and 
in the reft, fo much as is fufficient for folution. 

The mixture, being digefted for a day or two, is 
boiled until the tartar is completely diflolved, ac- 
cording to the inftruétions of the Brandenburg 

difpenfatory, and molt others; but the Paris di- 
rects, in exprefs words, 12 hours, the Edinburgh 

- 40, and the London half an hour. After filtra- 

tion, the Ratifbon and London require cryftalli- 
zation; the reft evaporation to drynefs. In the 
old Stockholm difpenfatory, one ounce of glafs 
of antimony is deflagrated with two drachms of 
crude nitre; one drachm of alkali of tartar, and 

nine ounces of pure water, are then added; the 

whole is boiled to drynef$ in an iron pot, the 
ma(s reduced to powder; warm water is poured 

on; itis filtered; and, being evaporated to dry- 

nefs, is ftrongly heated on an unburned brick. 
The above will be fufficient to fhew the difa- 

greement of the difpenfatories: indeed, to com: 

(m) Vid. Difpent. 

Voul. Ce pare
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pofe (72).—The following experiments will ferve to 
fhew its nature more completely. It is obvious, 
that if 3 parts of crude antimony, and a of cor- 
rofive fublimate, be mixed together, by means of 
heat, anda double eledtive attraction, a double 
exchange will take place; for in thé corrofive fu- 
blimate ‘there is calcined mercury, and’ in the 
crude antimony the reeulus combined with fal- 
phur: during the operation the antimony yields 
its phlogifton to the’ calcined mercury, which 
thereby becomes quickfilver, and°in its turn yields 
its marine acid to the antimonial calx. This 
compound pafles over into the recipient, under 
the name of butter of antimony; and if at length 
the heat be much increafed, cinnabar is formed, 
confifting of the fulphur of the crude antimo- 
ny united with the mercury. We muft take 
particular notice that neither the regulus of 
antimony, nor of any other metal, can be taken 
up by acids, until it is to a certain degree depri- 
ved of its phlogifton; and that degree is various 
in various cafes, as I have elfewhere demonftra- 
ted (0). 

Butter of antimony, dropped into water, is in- 
{tantly decompofed ; the water feizes the greater 
partof the marine acid, and the deferted metal 
falls to the bottom in the form of a white pow- 

(x) By Macquer, 

fo) De Attr. Elee. 

0 ௨4 der:
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pure water, and after filtration was fet in a cool 
place; a congeries of numerous cryftals was foon 
formed at the bottom; a piece of this, expofed 

to the fire, fwelled and grew black; its former 

colour changed to a white; at length the whole 
mafs was abforbed by the charcoal, in-the fame 

manner as happens to crude tartar; and this oc- 

curs without the flighteft veftige of antimony. 
ப (s) One part of liver of antimony,: treated in 

the fame manner with tartarized tartar for 30 mi- 

nutes, produced the fame phenomena as (4) a- 

bove. 5 Ko 

(¢) One part of crocus metallorum boiled two 

hours with 8 of the fame falt, give tokens of an- 

timony, but very obfcure. 
(D) One part of glafs of antimony, boiled’ 45 

minutes, with 8 of the falt, feparated, upon eva- 

poration, a {ubftance compofed of faline’{picule ; 
which, when expofed to flame, fwelled much, and. 
yielded many reguline grains. 

_ (£) Diaphoretic antimony, fubjected in the 
fame proportions to the experiment for 35 mi- 

nutes, exhibited, upon cryflallization, the fame 
pheenomena as in (c). 

(®) One part of powder of Algaroth, boiled 
20 minutes, with 5 of the falt, and filtered, yield- 

ed cryftals of two different forts, one of which 

confifted of complete tetraeda; and, expofed to 

flame, yielded a great number of metallic grains; 
the other refembled faline fpicule, and feemed to” 

be
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éover whether there be fo great a difference be- 

tween them, that it is neceffary to be provided 

with both; or whether one of them may not an- 
fwer the purpofe, by varying the dofe. In the: 
mean time, I fubjoin the method of பா் 016 

paring the two; and firft of 
<Antimoniated tartar :—let five ounces of cream 

of tartar, reduced to powder, and two draclims 
and an half of powder of Algaroth, precipitated 
by warm water, wafhed, and dried, be gently 

boiled in a glafs veffel for half an hour, in half a 

kanne of water ; this. being done, there generally _ 

remains a fmall quantity of a blackifh mercurial 

powder. Ido not faturate the. tartar completely, 
as, in that cafe, fome of the folution turns to a 

gelatinous matter, and the falt refulting, being 

long fulpended in the water, is more eafily de- 

compofed, which occafions confiderable inconve- 
nience in practice (§ viii. F.): befides, the 
weight of a weaker medicine being greater, its 

quantity may be afcertained with more accuracy, ; 

and it may be taken at different times, without 
any danger: let the filtered folution be evaporated 
in an open veffel (not metallic) till a pellicle ap- 

_ pears; let it then be kept in a digefting heat till 
~ eryftals form, which muft be taken away by de- 
grees, and dried on moiftened bibulous paper ;— 

all the clear cryftals are equal in weight to the. 
tartar employed: the more purely faline crufts: 
adhering to the fides of the veflel, amounting to 

மப about
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that, by ட்ட acid, it is ட... from the ma-~ 
rine. 

A like precipitate is obtained by means of com. 
mon volatile alkali: but that which is obtained by: 

cauftic volatile alkali does not exhibit thefe figures; ° 

gives. out fearce any finoke when expofed to 

flame ; and forms an afh-coloured, fufible, but. 

fixed glafs: lime-water alfo precipitates it, but 

the precipitate is again diffolved, upon agitation, 

unlefs a fufficient quantity of lime water had been 

added at firft ;—in ae precipitation too the figures 
_ appear: 

By concentrated ட்ப acid a large quantity 
of white matter is thrown down, which again dif. 

appears on agitation; if colleéted, wafhed, and 

expofed to flame, it firft grows brown, and con- _ 

eretes into little maffes, which afterwards give out 

an antimonial fume, and are confumed. 

Hepar fulphuris, dropped into the faline folu- 

tion, preduces'a fulphur auratum. 
The reddith yellow colour of this lixivium de. 

pends upon iron, as is eafily fhewn by phlogifti- 

cated alkali, which immediately generates Pruffian 
blue. 

$ x1. Properties of tartarized Tartar anti- 

montated. 

‘Tartarized tartar, ftibiated, forms rarely tetrae- 
dral, but generally otaedral cryflals, if fuffered 

: to
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to cryftallize freely; of thefe fome are pellucid, 
~and void of all colour, others have a little opake 

' whitenefs; the habits of the cryftals, both in the 

air and fire, are the fame with thofe of the anti- 
moniated tartar: the metal forms about one-fifth 

of their weight. Diftilled water, in a moderate 

heat, takes up neatly . its own weight, that is 
five grains in half an ounce, and {till retains its co- 
lour and clearnefs ; it fhews fome faint figns of a 
fuperabundant acid; the alkalis and vitriolic acid 
produce the fame phenomenaias we defcribed in 
the former feGtion; with this difference, that they , 
are produced more fpatingly and flowly, and that 
the figures there mentioned do not in this cafe 
occur. i 

‘The folution of the firft boiling is of a brownith ் 
red, and the magiftral lixivium {till more fo: for 
experiment fake, a little diftilled pure vinegar was 
poured in, and afterwards a fingle drop of phlo- 
gifticated-lixivium, and in an inftant the blue co- 

lour appeared : the iron then, in this cafe, is pre- 
fent without an acid; for, to decompofe the 
phlogifticated alkali, a double elective: attraion 

is required. Many of the laft lixivia, which are 
red, and do not readily form cryftals, doubtlefs 
owe their properties to dephlogifticated iron. 

Whence, in the prefent cafe, this metal can 
come, is not at prefent very clear: the afhes are 
indeed boiled to drynefs: in an iron pot; but the 

~Dda cream 
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Slevoght (>) taught another’ and more eafy me. 

thod of procuring it, by precipitation. After this, 

in 1717, Lancifi (<) wrote upon this fubjeG@; as 

alfo did Fred. Hoffman (d), and other moderns., 

From that time the ufe of this powder has very 

much increafed, and it is now introduced into moft 

difpenfatories. 
Many confidered this powder as calcareous 

earth, as they were not அனுதாபம் with any other 

which effervefced with acids, and, above all, be. 

caufe they negleéted all further examination.— 

However, F. Hoffman ebferved, that it differed 

from the earth prepared from crabs eyes, fhells off 

oyfters, and eggs, in this particular, that all thefe, 

united with vitriolic acid, afford an infipid falt; 

whereas magnefia produces. one intenfely bitter. 

At length, the nature and properties of magnefia 

were completely elucidated by two of the moft ce- 

lebrated chymifts of the prefent age; {mean Dr 

Black, of Edinburgh, who publifhed his experi- 

ments in 1755 (é),°and the Principal of the aca- 

demy at Berlin, A.S. Margraaf, who _publifhed 

his in 1759, a it fhould fcem, entirely ignorant 

of Dr Black’s Efflays (f). Both thefe gentlemen 

have examined the nature of this earth with the 

(6 In a differtation printed at Jena; 1709. 

* (c) Annot. in Mercati Metalloth. 

(d) Obf. Phyfico-chem. 
(e) Edinburgh Effays. 

(f) Mem. Berlin. 

utmol
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name from the place whence it comes; but thefe 

all differ very little from each other, except in the — 
‘proportion of falited magnefia which they contain 

mixed with them. On account of its tafte it is 

vulgarly called bitter purging falt; but it is with 

more propriety called, from its nature, vitriolated 

magnefia, efpecially when it is free from hetero- 

geneous matters:—in cryftallizing, it exhibits 
quadrangular prifms, with pyramidal Bless which 

are alfo quadrangular. 
This falt is fo eafily foluble, that a kanne of 

diftilled water, in a moderate heat, can take up 

7o+ ounces, but by boiling 140, before a pellicle 
appears; yet this laft folution, when expofed to 

' cold, concretes totally ——The bulk of the water ig 

encreafed about 0,45, by the addition of the falt, 

and the heat of boiling; a circumftance which 

ought to be taken particular notice of in deter- 
mining the quantity of it; for in general the 
quantity of water is டட by the meafure of 
the folution, which is. always fallacious. If regu- 

lar eryftals are required, the evaporation muft 
only be continued until a drop let fall on a cold 

furface concretes in a few minutes. 

‘This falt, expofed to a dry air, firft lofes its 

tranfparency, and at length falls into a white pow- 
der: by complete calcination all the water of cry- 

flallization flies away; this water forms nearly 

one half of the whole, amounting to 0,48: hence 

therefore it appears, that 100 parts contain 19 of 

pure
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avhich parts with the vinegar on diftillation. Spi- 
rit of wine may be completely mixed with this fa 
line liquor. 

All the acids, except phlogifticated vitriolic and 
nitrous acids, and the aerial acid, deconipofe ace= 
tated magnefia. 4 

§ xiv. Formicated Magnefia. 

The acid of ants, when faturated with magne= 
fia, quits the water, and falls to the bottom: this 
is again foluble in fuperabundant acid, and depo- 
fits cryftals upon evaporation, which are very dif- 
ficultly foluble in water, are void of tafte, do not 
melt in the fire, but {well and decrepitate a little, 
foon grow black, and fplit at length into a white 
powder, which effervefces with acids; becaufe the 

.acid of ants, when it is deftroyed, yields aerial 
acid to the magnefia:: the figure of the eryftals 
is hemifpherie, the cutting plane being oblique, a 

little concave, polifhed, with ftria (which are 
{carce diftinguifhable by a glafs) diverging from a 
center very like the tubercles of liverwort : hence 
the acid of ants is readily diftinguifhed from vine- 
gar, to which, in other refpeéts, it is very like; 

it, as well as phlogifticated vitriolic and nitrous a- 
cid, takes away magnefia from the acid of ants’: 

one half the weight of this falt is magnefia ; one 
part of it requires thirteen of water to diflolye it 

Ff a உழு
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in a moderate heat: fpirit of wine does not take 

it up (q). 

§ xv. Phofphorated Magnefia. 

The acid of phofphorus takes up magnefia al- 

moft in the fame way as the former; but thae 

which is taken up by afuperabundant acid, as foon 

as evaporation begins, yields eryflalline grains, 

which are fomewhat larger in acetated magnefia 

when the acid of phofphorus has been previoufly 

added; and that for the reafon affigned (§ 1x.); at 

length, however, the whole liquor falls into a a vile 

eid mafs. 

By the humid way the eon of aa: takes 
away magnefia from all the acids, except the fluor 
acid and acid of fugar—by the dry way all the vo- 
Jatile acids are expelled. 

A folution of phofphorated magnefia grows 
cloudy upon the addition of fpirit of wine; but 

when the fpirit is difipated by evaporation, the 
clouds again difappear. 

In general, it is proper to obferve, that folu- 
‘tions of common magnefia, in all the acids, are 

of an opal colour, occafioned by filiceous a- 
toms which remain upon the filter; but, when 

(ச) Jf the fmalleft quantity of calcareous earth be 

mixed with magnefia, {parry cryflals are formed, which’ 

efflorefee in the air. See J. Afzélius on the Acid of 
Ants. y 

that
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that operation is negleéted, fall by degrees to 
the bottom, and concrete into a gelatinous mafs 

(9 1ாா.). 7 

§ XVI. PE Magnefia be foluble in aoe 
line Salts. 

Some bodies are of fuch a nature, that they pof- 
fefs an attra€tion both for acids and alkaline men- 
ftrua. Among thefe it will be fufficient to men- 
tion copper, which is diffolved, not only by acide, 
Dut by alkali, efpecially the volatile, which forms 
with this metal a cryftallizable. falt; it has been 
properly enough doubted, whether magnefia wns 
one of this kind of bodies. Margraaf, in the pre- 
cipitation of magnefia, cautions ns againft the ufe 
of too much alkali, particularly the mineral and 
volatile, as thefe again diminifh the quantity of 

precipitate which had been before thrown down : 

with that noble candour with which this illuftrious 

man always relates his experiments, he confefles, 
at the fame time, that he could not effect a direét 

folution, although fome bubbles appeared, which 
feemed to indicate fome kind of ation in the men- 
ftruum. In this very bufinefs all my labour, too, 

was in vain; but we now know that the earth, after 

having been thrown down, may again difappear by . 
another medium, viz. aerial acid (§11.). To this, 

‘therefore, and not to the fole aCtion of the alkali, 

are we to attribute this phenomenon; efpecially 

pea as
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as the circumftances attending it agree exadtly 
with the nature of the alkalis; for, in the fame 

weight, volatile alkali contains more aérial acid 

than the fixed mineral ; and the vegetable leaft of 

ட $ ஆளா, Magnefia diffolves Sulphur. 

Magnefia attacks fulphur both by the dry and | 

the humid way; but the conneétion of thefe fub- 

ftances is fo loofe, that they foon feparate in the 

open air. Let 3 of a bottle, containing a pound, 

be filled with diftilled water ; let a handful of mag- 

nefia, and as much flower of fulphur, be put in; 

let the air included above the liquor be rarefied 

by heat, and the bottle then fhut clofe; let it be 

then kept in balneo marize for fome hours ; and, 

after cooling fufliciently, when the orifice is Open- 

ed, a maniteft hepatic odour ftrikes the noftrils ; 

but the water itfelf, when filtered, yields, with a 
lixivium of fixed alkali, a fediment, which is fo- 

luble in acids. With folution of filver, it grows 

black and turbid; as alfo with faccharum faturni : 

‘on fpontaneous evaporation, the bottom of the 

veflel is; at length, found covered with a pellicle, 
interfperfed with cryflalline acicule, which diffolve 

with effervefcence in acids, except a greyifh pow- 

_ der, which, thrown on live coals, gives out a ful- 

(+) See Differtation I, & vars. 

phureous
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fince y increafes more than'v, at length Awa 

will be = v —v; but when the fire is further in- 
creafed, the equilibrium will be deftroyed, and the 
menftruum, which was before weaker, will pre- 

vail. The cafe will be more fimple, if we fuppofe 

the weaker menitruum entirely fixed, that is v= 0, 

In the Treatife on Elective Attraction, we fhall€xa- 

mine more minutely how fire encreafes the volati- 

lity of bodies. 
Hence the acids which are fixed, fac. as thofe 

of phofphorus, arfenic, and borax, are found to 

prevail over all others; and from experiments the 

foregoing table is to be altered in the following. 

manner, viz. acid of phofphorus, of arfenic, of 

borax, vitriolic acid, acid of fugar, nitrous acid, 

marine acid,. acid of fluor, of ants, of vinegar, 

ph logifticated vitriolic and nitrous acids, and, 

laft, aerial acid. The acid of tartar has no place 
here, as it is deftroyed by a fufficient degree of 
fire. 

§ xix. Magnefia differs from Lime. 

Magnefia and lime agree in this refpect, that 
they both diffolve in acids, with éffervefcence ; 
yet terra ponderofa and aerated alkaline falts pof- 
fefs the yery fame property; a circumftance which 

indicates no more than the prefence of aerial acid 
in all of them. But if they are examined more 
clofely, we fhall find a remarkable diffimilitude ; ° 

the
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the particulars of which we fhall briefly relate; that 
the true nature of magnefia may be better and 
more diftin@ly known. 

Water takes up aerated magnefia (not aerated 
lime). Magnefia, after a fufficient calcination, is _ 
rendered infoluble, (lime foluble). Pure magnefia 
makes none but the volatile alkali cauttic, (lime 
imparts caufticity alfo to fixed alkali). Magnefia, 
when faturated with vitriolic acid, conftitutes a 

bitter falt, foluble in about an equal weight of wa- 
ter, (lime yields a felenite almoft infipid, one part 
of which requires more than 400 of water). Mag- 
nefia, with nitrous acid, produces a cryftallizable 
falt, (nitrated lime can fcarcely be brought to 
cryftallize). Magnefia, with marine acid, forms 
a liquor, which, on diftillation, eafily lofes the 

menftruum, (lime does not). Magnefia, with vi- 
negar, refufes to cryftallize, (lime exhibits feveral 

fingular vegetations). Magnefia is not thrown 
down from other acids by vitriolic acid, (lime pro- 

duces gypfum, which inftantly falls to the bottom). 
Magnefia attracts the fluor acid, in preference to 

all others, then the acid of fugar, and the reft as 
above defcribed, (lime effects the fame menftrua 

in a very different order). ‘Uhere are many other 
circumftances already mentioned, which, compa- 

red with the known properties of lime, will evi- 
dently thew the difference. ் 

So great and fo conftant is the difference, that 

ghele fubftances ought no wore to be confounded. 
As
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filtered, and evaporated to a pellicle, would yield 

true Epfom falt. But whoever tries the experi- 

ment will foon find, that the precipitate firft 

thrown down, and tne acicule after, when wafh- 

ed in fpirit of wine, are no other than perfeé: 

gypfum: this, on account of its being but juft 

made, and therefore not yet deprived of the ad- 

hering liquor, has a tafte acid, and fomewhat 

bitter, partly occafioned by the marine acid fill 
difengaged, and partly from the lime: but if, by 

_ means of filtration through paper, or, which is 

better, by fpirit of wine, it be deprived of its li- 
quor, it fhews all the propertics of genuine gyp- 
fum, unlefs magnefia be mixed with the lime, as 

we fhall afterwards fee (§ xx.). In this cafe, 
therefore, there is no real tranfmutation; which, 
ifit took place, would, undoubtedly prevent the 
prodution of the fimalleft particle of vitriolated 
magnefia. : 

Nor fhall we fucceed better, if, according to 

the direétions of others, lime precipitated from 
nitrous or marine acid be moiftened, and after- 

wards expofed to calcination, with ever fo great 

. caution: certainly, by this method, nothing 

more can be had than lime more or lefs impreg- 
nated with the acid, in proportion as the degree 
of heat has been lefs or greater. 

Magnefia, precipitated by an alkaline falt from 
_ lixivium of nitre, is readily diflolved in. vitriolic 

acid, yielding that falt which goes by the name 
of
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of Epfom falt ; but that which is got by evapora= 

tion and calcination neither effervefces, nor feemis 
to be diminifhed in that meaftraum.—Hence 
magnefia is fuppofed to be transformed into lime 
by means of fire; but the true teafon of the phe- 
nomenon ts very different :—the acid attacks cal- 
cined magnefia, indeed, but very flowly; for the 
part of the menftruum which lies next round it, 
becoming fpecifically heavier, finks to the bot- 
tom, preventing the accefs of the difengaged acid; 
by degrees, however, the acid penetrates; fo that 

if a fufficient quantity be added, it will at length 
‘take up the whole of the magnefia, which is not 
the cafe with lime: an inteftine motion of the li- 
quor accelerates all folutions; and hence it is that 

aerated magnefia quickly vanifhes; for the aerial 
acid, being expelled by the ftronger acid, breaks 

forth in innumerable bubbles, which agitate and 
difplace the feveral particles, fo that the acid is 
‘perpetually in contac with the magnefia: for the 

fame reafon calcined lime and terra ponderofa are 

diffolved more flowly than when they are- aera- 
ted. ; 

_ Others contend that magnefia is generated from 
clay, by means of vitriolic acid; and this I will 

readily grant to be the cafe, provided any one can 
fhew a method by which pure clay can be thus 
changed ;—conjeGtures and opinions fhould de- 
pend upon or be formed by experiments. With 
vitriolic acid they obtain from common clay the 

earth
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earth of alum, which being afterwards mechani. 
cally and carefully mixed with filiceous earth, a- 
gain regenerates common clay (s).. From ‘what 

_has been faid it appears, that magnefia is an earth 

diftin@ from all others, whether fimple or com. 
pound we will not take upon us to decide; the 

fame is alfo true of lime : but as in all the experi- 

‘ments hitherto inftituted’ they preferve conftant 

properties, and are never decompofed, they ought 

to be reckoned among the fimple bodies, until a 

faithful analyfis, confirmed by a proper fynthefis, 

reveal their origin. That man will certainly de- 

ferve well of the fcience of chymiftry who thal 

fhew, not by forged opinions, but by undoubted 

experiments (which, at all times and in all places, 

will ftand the moft rigorous teft) that mop ee 

owes its origin to lime or clay. 

§xx. Jn what State Mapnefia occurs upon the 
Surface of the Earth. 

Magnefia is lefs common than other primitive 

earths; or, to fpeak more properly, it is fo mixed 
‘ 

(s) See Margraaf, vol. ii. ற. 49. he concludes * this 

earth is neither calcareous nor aluminous;”—p. 10. and 17.' 

he fays, “the objections of a certain chymift on this fubje& 

are fo trifling, that to anfwer them would be lofs of time: 

I hall only fay, that clay may be recompofed juft the fame 

as before, by putting together its conftituent parts; where- 

fore no tranfmutation is produced by the vitriolic acid, nor 

any new fubitance produced during the operation.” 

with
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vith other matters, that it can neither be imme- 

diately diftinguifhed, nor often freed from hetero- 

geneous matters, without the help of acid men- 

ftrua. - Magnefia, as well as clay, is an exceeding 
fine light and fpongy earth, and therefore the ve- 
sy pureft of them, buried in the earth, muft ne- 

ceffarily be foon mixed with heterogeneous parti- 
cles. Magnefia, lime, terra ponderofa, clay, and 

flint, if reduced to a fine powder, and ground to- 

gether, along with water, cannot afterwards be 

‘feparated from each other, but by fit menftrua. 
It would however be highly abfurd ‘to deny that 
thefe fubftances are contained in their perfe& ftate 
‘in the mixture; and to affert, that they are pro- 

duced by the action of acids. 
~ All thefe (except the laft, which refufes to unite 
with ordinary acids) though diffolved and precipi- 
tated 30 times, were yet found abfolutely unchan- _ 
“géd: the only varicty which occurred was with 

refpect to the three firft, which appearéd cauftic 
‘or mild, according as the precipitating alkali had 

been either aerated or pure: befides, not one of 

‘thefe five earths could, by means of any men- — 
ftruum hitherto tried, be a&ually tranfmuted into 

another; fo that, confiftently with the rules of 
right reafoning, we cannot deny the exiftence of 
magnefia, although i it is often fo enveloped in he- 

terogencous matter that it cannot be extricated 

without the help of acid menftrua. In many bitter 
waters we Sind magnefia combined with vitriolic 

‘acid 5
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acid ; and the celebrated Monnet has lately ப்படி. | 

vered a fchift which, when roafted and elixated, 
yields a true falamarus, fuch as occurs in our aly. 
minous {chift (¢), though in fmall quantity. 

At the filver mine of Salberg, upon the furface 

of the great maffes which are annually heaped up 

for the purpofe of fepatating the ore by wathing, 
is found a cruft which, when examined, is often 

found to contain 65 lb. in the ewt, of fal amarus; 

for the matrix confifts of calcareous earth, which, 
befides filiceous atoms, contains magnefia fome- 

times mixed; but there are alfo prefent grains of 
pytites, which, by fpontaneous calcination, form 

with the calcareous earth gypfum, and with the 

magnefia fal amarus. 

It is found united with nitrous acid in all ni- 

trous earth, and with marine acid in great quan- 

tity in falt fprings, and in the water of the ocean; 

and it is this which occafions the difagreeable bits 

fer talte அ. 
It is found in the very fame ftate in which we 

have it th the fhops, in various mineral waters, as 

Pyrmont, Spa, and Seltzer deftitute of every as 
cid except the aerial —Let me afk, what acid it is 
that forms it in this cafe; as we fee it can be fepa- 

tated mérely by evaporation? 
Mixed with certain clays, with lime, and filice- 

ous powder, it forms a fingular variety of marl. 

(2) Diff. IX. of the Preparation of Alums 
Ik
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OF ALL 

The SUBSTANCES contained in the feveral Warers examined, except thofe of UPSAL, 

REDUCED TO 

ENGLISH WEIGHTS, MEASURES, வற INSTRUMENTS. 

| 

Subftances contained in the Pint, Winchefter Meafure, containing 35,25 Cubic Inches. 

  

Phyfical Qualities, Cubic Inches, 2: அத மப் Grains. 
eee oan a. 

  
» 

NAMES of the WATERS. Tempe- | Weight Specific }} Pure | Aerial | Hepatic Aerated | Aerated | Aerated ம WF Vitrio- |, Vitrio- Salited 

ம் i Air. 
5 க் i ! la late lated ட 

721026. Gravity. Air. Acid, Magnefia/Min.Alk,) Iron. rae ன அரம் Min, &11 
  

  

  
: Grains, ற 4 i ie | 

bitulled Water, — $923.8961 | : ௮ = பு - = 

  
  

Sow Water, வ — 8924-7884 | = ee — = — =u 

  
    

  

Sen Water, at the Depth of 60 Fathom, 9193-7956 a ள் ர ் 9801 82.7640 | 303.3954 

  
  

fSeydichutz, - 8977-4393 ஊரக [2 | ௦982 _ 5-336 aaa | - 

  
    

  

  

f < () ப x — 

Seltzer; — 8948.9905 13.068 | 78.3814 i = ் : 337495 
ன்   

  

  

  

    

  
  [= - - 8033-8100] 9.801 1.8513 0.70785 . = 0.4178 

Pyrmont,  — 850.1335 19.602 |. 4.356 0.70785 ் ௨௮ 1.52.46 

  
    

  

Medway, 6.534 i a 0.92505 

    
  

Aix la Chapelle, ் i 5.9806   
  

  

  

— 

Caroline, —                                       5-272 
  

  
   


