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SIR JOSEPH BANKS, to whofe indefatigable ardour for the
advancement of natural hiftory, the philofophical world

is fo much indebted, made a voyage to Iceland in the year
1772, to enquire into the productions of that remote part of
the world, and particularly into thofe of its famous volcano.
When he returned, he brought from thence, among many other
natural productions, fome petrified vegetables, and incrufta-
tions, formed by the waters of the boiling fprings; and he was
fo good as to prefent a part of them to his friends here, who
were furprifed to find them compofed of filiceous earth. As
this was the firft example obferved, of water containing this
earth in fuch quantity as to form filiceous petrifactions, it raifed
a ftrong defire to have an opportunity of examining the water,
and of learning by what means this filiceous matter was dif-
folved in i t ; and this opportunity was at laft given us by
JOHN THOMAS STANLEY, Efq; who, excited by motives fimi-
lar to thofe of Sir JOSEPH BANKS, equipped likewife a vefTel,
and made a voyage to Iceland, during the fummer 1789. He

brought
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brought from thence, and from the Faro [(lands, a number of
fine fpecimens of volcanic and other foilil productions, and
along with them, a quantity of the water of the two moil re-
markable boiling and exploding fprings of Iceland, called by
the natives Geyzer and Rykum; and having favoured me with a
portion of theft waters, and expreffed his defire that I would
examine them, 1 have accordingly made a number of experi-
ments with them, an account of which I fhall now fubmit to
the Society. If the detail of it fhould appear tedious ; if I
fhall be thought to have given much attention to very fmall
matters ; it mu.fl be confidered, that the nature of the fubject
requires exactnefs. The quantities of the materials which are
to be examined in fuch experiments, are but fmall, though it
often happens, that thefe fmall quantities of matter, acting in
nature for a great length of time, produce accumulations, and
other effects, that appear very furprifing and worthy of atten-
tion. I muft alfo confefs, that I* took pleafure in promoting, as
far as I could, the information concerning Iceland, which the
philofophical zeal and fpirit of the Gentlemen I mentioned,
have procured for us.

BOTH thefe waters had a weak fmell of the Hepatic Gas, or
a fmall degree of the odour, which is well known in Harrow-
gate, and other fulphureous waters. The quantity, however,
of this fulphureous matter in them was fo very fmall, that I
was not able, by any experiments, to obtain it in a feparate
ftate, or bring it into view in any form whatever. I therefore
could not make any attempt to eflimate the quantity of it.

THOSE who are acquainted with fulphureous waters, know
that an incredibly fmall quantity of their volatile fvilphureous
matter is fufficient to give a perceptible odour; and it is fo liable
to be decompounded and changed, while we attempt to feparate
it from water, that fuch an attempt never fucceeds when the
quantity of it is fmall. There was alfo reafon to believe, that
fome part of it had already been loft or changed during the

voyage,
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voyage, this matter being one of thofe volatile ingredients of
mineral waters, which are the mod liable to be evaporated or
changed by the action of the air and other caufes. I therefore
think it fufficient to mention, that thefe waters contained a fmall
quantity of this fubflance.

I BEGAN by making a few preliminary trials, to acquire fome
notion of the nature of thefe waters.

1. AN equal quantity of lime-water being added to the Ice-
land waters, there was a little diminution of tranfparency, but
only in the fmalleft degree, and no fediment was formed.

2. MILD volatile alkali produced no effect whatever.
3. PAPER ftained blue with the March violet, being dipped

into the water and dried, had its colour changed a little towards
a green."

4. CAMBRIC ftained to a bluifh purple, with infufion of
litmus, afTumed a more perfect blue colour, when dipped into
the water and dried.

5. AcrD of fugar did not produce a perceptible muddinefs or
precipitation.

6. NOR did the fblution of corrofive fublimate.
7. THE folution of fal faturni (plumbum acetatum) made

the water very muddy and white, but a fmall quantity of
diftilled vinegar rediflblved nearly the whole of the precipitate,
and made the water almoft perfectly clear again.

8. THE folution of barytes in muriatic acid made the water
become muddy, and depofite a fediment, which was not redif-
folved by adding purified nitrical acid.

9. THE folution of filver produced a ftrong muddinefs and
confiderable precipitation, which was not rediflblved by adding
purified nitrical acid.

THE lafl trial {hewed the prefence of the muriatic acid, and
the one preceding it, that of the vitriolic acid in the compofition
of thefe waters ; but by the 3d, 4th and 7th, I alfo learned,
that there was more than enough of alkaline matter to faturate

VOL. III. N both
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both of them. The 5th trial (hewed that the alkaline matter
was not calcareous earth, but alkaline fait ; and the 6th, that
this alkaline fait was not the volatile, but one of the fixed al-
kalis. The 1 ft trial fhewed, that this unfaturated fixed alkali
was not combined with air, or that if any was combined with
it, the quantity was fo fmall as to be fcarcely perceptible.

NONE of thefe trials gave any indication of the earthy matter
contained in thefe waters ; and as my principal object was to
inveftigate the nature of their petrifying power, I now began
with the following experiment:

Evaporation of the Water.

I EVAPORATED io,ooo grains weight of each of thefe waters
to drynefs with a gentle heat, in feparate glafifes. The dry ex-
tract of the water of Rykum weighed gr. 8.25, and that of
Geyzer, gr. ic .

THE evaporation was performed in cylindrical glafs vefTels,
about 3 inches wide and 7-5- deep, which received heat from the
fleam of boiling water, not directly, but through the interven-
tion of white-iron cafes, which fitted the glaffes, and in which
they hung. I have often ufed this apparatus in examining and
comparing different waters ; and the advantages of it are, that
the greater part of the fixed matter is collected on a fmall fur-
face ; that the glafTes are fo moderately heated, that they bear
water to be added, during the evaporation, without danger of
breaking ; and, laftly, when the whole water is evaporated, the
fixed matter, while it is thoroughly dried, by leaving it expofed
fome hours to the heat, never becomes fo hot as to fufFer the lofs
of any part of the acid of the faline compounds which it may
contain, and when it is dry, the quantity of it is accurately de-
termined, by weighing it in the glafs, the weight of which can

be
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be afcertained, both before the water is put into it; and after
the extract is taken out.

IN the end of thefe evaporations of the Iceland waters, they
emitted an odour fimilar to that of alkaline leys, which contain
an alkali not very pure or well calcined, and afterwards, when
the evaporation was nearly completed, the refiduum afTumed
the form of a tranfparent jelly, which had nearly the thicknefs
of half a crown. This jelly afterwards became divided by fif-
fures, into a great number of fmall portions, which, in drying,
contracted their fize, and greatly widened the fiffures, forming
at laft a number of fmall fragments of white cruft, unconnect-
ed with one another, and not adhering to the bottom of the
glafs. A fmall quantity only of this matter attached itfelf to
the fides of the glafs during the evaporation, and formed there
circles of an exceeding thin incruftation, which adhered ftrongly,
and required much patience to fcrape it off with a knife.

THESE phenomena are exactly fimilar to thofe which appear
in evaporating water which contains filiceous earth, diffolved in
it artificially by means of an alkaline fait. The colour of the
dry matter obtained from Rykum water, was almoft a pure
white, that of the water of Geyzer was a yellowiih white.

WHILE thefe dry extracts were kept for fome time in the
glalTes, placed in a cold room, in the winter feafon, they at-
tracted humidity, and the extract of Geyzer attracted the moll.
Eight grains of the extract of Rykum attracted in one week
four grains of humidity ; the fame quantity of the extract of
Geyzer attracted in the fame time ten grains of humidity. My
attention, however, was turned for fome time from thefe expe-
riments ; but refuming them again after fome months, I found
that thefe extracts remaining in the fame glafles, and in the
fame room, had again become dry, and had loll the greater part
qf the weight which they had acquired at firft by attracting
humidity. This I imputed partly to the ftate of the atmo-
fphere, and partly to their having attracted fixed air, by their

N 2 union
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union with which they had loft their ftrong attraction for
water.

THE constituent parts of thefe extracts were next to be inve-
fligated. I foon perceived that they contained a portion of al-
kaline fait not faturated with acid, which became evident when
a fmall quantity of them was wetted and applied to paper
ftained with the juice of violets, or the colouring matter of the
common purple radifh ; the colour in either cafe was changed
to a green, I further collected and fcraped thefe extracls out
of the glafTes, and placing each in a fmall filtre, 1 dropped di-
ftilled water on them repeatedly, until the water came away
from them infipid. The waters which had been thus filtrated
through them were put into china cups, and the greater part
evaporated with a gentle heat, the reft was allowed to evapo-
rate fpontaneoufly in a dry room. Thus, a number of fmall
faline cryftals were formed^ which were partly regular cryftals
of common fait, and partly cryftals of an oblong and flatted
form, larger than thofe of the common fait. Thefe larger
cryftals were diitinguifhable, not only by their form, but by
fome of their properties. They became white, opaque and
mealy in dry air, and being taken out, and tafted and tried in
different ways, were found to contain fome of the foffil alkali
in a cryftalized ftate.

THE undifTolved matter which had remained on the filtrating
paper, appeared by its properties to be totally or principally
made up of filiceous earth. It was white and exceedingly
fpungy and light. A fmall portion of it was triturated, and
made into a pafte with water; which pafte being laid on a piece
of charcoal and dried, was heated intenfely with the blowpipe.
No part of it was melted ; it was only contracted in its dimen-
fions, and acquired a weak degree of cohefion. Another fmall
portion was triturated dry, with an equal weight of aerated and
exficcated foffil alkali; and being put into a fmall platina fpoon,
againft the bottom of which the flame of the blowpipe was

ftrongly
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ftrongly directed, the mixture was foon melted into a tranfpa-
rent colourlefs glafs, which afterwards, by being digefted with
a fmall quantity of diftilled water, was completely diffolved,
and formed a liquor which had all the qualities of the liquor fi-
licum.

I NEED not take notice here of the quantity of the earth
and faline matter which were in fome meafure feparated
from one another in this experiment. I had reafon to fufpedt,
that neither of them were obtained in this way without fome
lofs. The odour emitted by the water in the end of evapora-
tion, gave reafon to fufpecl the lofs of fome part of the falts j
and it was probable that a part of the earth would remain com-
bined with the alkali, in a foluble ftate, in the dry extract, and
would pafs through the filtre, when I diflblved and warned away
the faline matter.

I THEREFORE planned a fet of experiments, by which the
quantity of each ingredient in thefe waters might be more cer-
tainly known ; and began with the following

Experiments to invefligate the quantity of the tin-neutralized alkaline
fait.

*
IN making the experiments to decide this queftion, I made

ufe of an acid, which I had often employed before in experi-
ments to learn the quantity of pure or cauftic alkali, contained
in aerated alkalis, and in various barillas, kelps, and other fuch
heterogeneous mattes. This acid was a quantity of the vitriolic,
the power of which, in faturating pure alkalis, I had carefully
examined, and I was accuftomed to add it very gradually to fil-
trated folutions of the above lubftances, until they were exactly
faturated ; and then, from the quantity of acid required to pro-
duce this effect, I learned the quantity of un-neutralized alkali
which thefe fubftances contained. The fpecific gravity of this

vitriolic:
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vitrioKc acid, compared with that of water, was as 1798 to 1000,
in a temperature of heat equal to 60 of FAHRENHEIT. When
I had ufed it on former occafions, I diluted fome of it, with
four times its weight of diftilled water, and ufed this mixture
in place of the pure acid, that 1 might the more readily portion
it into fmall dozes ; but on this occafion, I made a mixture of
it, with about 100 times its weight of diftilled water; and ef-
faying this mixture afterwards, with great attention, I found
that 112 grains of it faturated one grain of the pure alkaline
part of the alkali of tartar, and 171-55 grains were required
for the faturation of one grain of the pure or cauftic part of the
foffil alkali.

W I T H this largely diluted acid, the ftrength of which was
thus afcertained, I began to inveltigate the c;uantity of alkali
in the Iceland waters. I gave a pale purple or blue colour to a
portion of the Rykum water, by adding a few drops of an in-
fufion of litmus, the bluifh purple of which became more
blue when mixed with this alkaline water, and I began to add
very gradually fome of the largely diluted vitriolic acid, ex-
pecting to fee the colour change to a reddifh purple, when the
alkali became completely faturated. This method, however,
did not fucceed fo well as I had fuppofed ; for although I
changed the colour to a reddifh purple, or even to a pure red,
by adding an exceeding fmall quantity of the diluted acid, the
red thus produced was not permanent. Next day, I found it
returned again to the blue, and requiring a new addition of
acid ; and this happened fo often, after repeated additions of
acid, that this procefs appeared very tedious, and fcarcely ca-
pable of being brought to a precife limit; for in proportion as
1 continued the procefs the longer time, or had made the more
numerous additions of acid, the time neceflary for the return of
the colour from red to blue was always the longer, and at laft
was no lefs than feveral weeks.

THESE
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THESE phenomena appear to me to have proceeded from the
very weak and flow action of the acid and alkali on one ano-
ther, in confequence of the exceffively diluted ftate in which
they were mixed together, the alkali at the fame time not being
pure, but combined with the filiceous earth, a fubftance for
which it has a confiderable attraction. 1 therefore fuppofed
that when I added the fmall dofes of diluted acid, the acid par-
ticles remained for fome time difperfed through the liquor,
without joining the alkali, and the water contained, at the fame
time, a nlicated alkali, if I may fo call it, and an unfaturated
acid ; but the colour of litmus being much more difpofed to
be affected and changed by acids than alkalis, it became red,
and retained this colour as long as any particles of the acid re-
mained unfaturated. Thefe, however, after fome time, being
all attracted and faturated by the alkali, the colour was again
changed by the remaining unfaturated alkali.

IT may perhaps be fufpected, that a fmall quantity of fixed
air, detached from the alkali, might be the caufe of this tem-
porary red colour, and that the colour returned again to blue,
when the fixed air evaporated from the water : And I know
that a very fmall quantity of fixed air, contained in water, is
fufEcient to change the colour of litmus, and that a confiderable
time is required for its evaporation from the water, fo that the
litmus may recover its natural tint; but it is equally true, that
the fixed air never requires fo long a time for its evaporation as
feveral weeks, and that it has not the power to redden litmus,
when an alkali is prefent, except when the quantity of the al-
kali is exceedingly fmall, and that of the fixed air incomparably
more than fufEcient for faturating the alkali. In the prefent
cafe, the laft of thefe conditions never could take place, the
quantity of acid added at once being far too fmall to detach
enough of air, even although the alkali had been originally fa-
turated with air, which it certainly was not; it appeared rather
to be in a cauftic ftate, or very nearly cauftic. This reafoning

fuggefted
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fuggefted to me another mode of making the experiment, which
fucceeded perfectly in a moderate time.

THE foregoing experiments, and others which I made with
fmall quantities of the water, enabled me to form fome judg-
ment of the proportion of acid neceflary to faturate the alkali
which this water contained. I therefore added to 10,000 grains
of the Rykum water, 200 grains, accurately weighed, of the
largely diluted vitriolic acid; which quantity I ju,dged to be
confiderably more than fufficient for faturating the alkali of this
water ; and after the acid was poured in, the fmall and light
glafs in which it was weighed, was rinfed feveral times with di-
ftilled water, which was added to the Rykum water I alfo gave
it a pale tincture with fome drops of the infufion of litmus, and
then boiled the water gently in a thin bottomed glafs, until it
was reduced to one fourth of its firft quantity. It ftill conti-
nued of a red colour, without the lead tendency to a purplifh
hue, and {hewed that the acid was more than enough to fatuiate
the alkali.

I T was neceflary, in the next place, to learn with certainty
how much of the acid had been fuperfluous. With this inten-
tion, I added a largely diluted folution of alkali of tartar in di-
flilled water. In this folution, the pure alkali, confuiered as
diftinct from the air which was joined to it, conftituted one
fortieth part of the weight of the fluid. I weighed 38.6 grains
of this folution ; which quantity I knew, by the previous ex-
periments, was exactly or nearly fufficient for faturating the fu-
perfluous acid. I poured it at once into the hot water, and
rinfing the fmall and light glafs in which it was weighed two
or three times with diftilled water, I poured in this alfo. A
little eflfervefcence appeared in the hot water. I therefore fet it
again on the furnace to boil, that the fixed air might be ex-
pelled, and I added now and then a little diftilled water, to
prevent it from boiling down too much. In lefs than half an
hour's boiling, the fixed air being all expelled, the colour

changed
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changed from red to purple, with a very fmall tendency to-
wards the red. This (hewed that the quantity of fait of tartar,
which had been added, was exaclly fufficient for faturating the
fuperfluous acid. Had the faturation not been fufficiently ex-
act, I could have added a little more of the alkali, or a little
more of the acid, as I had done in the fmaller effays which
were preparatory to this ; but the tint of colour which 1 had
here produced, was that which I had found to be the moft dif-
cernible and fatisfactory fign of exact faturation, in former ex-
periments ; and it is proper to mention, that one grain more of
the largely diluted vitriolic acid changed this purple very re-
markably to a more decided red, and that with one grain lefs,
the hue of the purple, by being inclined to blue, would have
been equally diftinguifhable ; of which I fatisfied myfelf, by
adding as much of the folution of fait of tartar as faturated one
grain weight of the largely diluted acid.

THE quantity of the diluted acid added at firft was 200
grains. From this was to be fubftracted 108.32 grains, the
quantity faturated by the 38.6 grains of the folution of fait of
tartar ; the remainder is gr. 91.68. From this quantity, how-
ever, we mult make another deduction ; for, as Profeffor
BERGMAN juftly obferved, the infufion of litmus contains fome-
thing which is of an alkaline nature, or is capable of faturating
a certain quantity of acid. To learn how much was to be de-
ducted on this account, I tinged a fmall quantity of diftilled
water, with the fame number of drops of the infufion of lit-
mus that I had ufed in tinging the Iceland water, and then
making the diftilled water boiling hot, I began to add fome of
the largely diluted vitriolic acid, and kept the water boiling all
the time. The firft additions of acid, as I expected, did not
produce a change of colour, or, if any change was produced,
it foon difappeared again, while the water was boiling ; but as
foon as I had added gr. 3.5, a permanent change was produced
to a reddifh purple : This quantity therefore mnil, in the next

VOL. IIL O place,
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place, be deduced from the gr. 91 68, and thus we have
gr. 88.18, as the quantity of the diluted vitriolic acid which
was employed folely in faturating the alkali of the water. But
from the effays [ had made of /the power of this diluted acid in
faturating alkalis, it is evident that this quantity of it was fuf-
ficient for faturating gr. 0.5 «4 of the pure or cauftic foflil alkali,
or gr. 0.857 of that which is faturated with air and evaporated
to drynefs, or about gr. 2.38 of that which is faturated with
air and in form of tranfparent cryftals.

THE next ftep was to make a firnilar experiment to determine
the proportion of alkali in the Geyzer water ; but here 1 found
it necelTary to change a little the mode of afcertaining the point
of faturation.

THE water of Geyzer, by means of the fulphureous gas,
which it contained in greater quantity than the other, and per-
haps alfo by means of fome of the other ingredients which it
contained, and which gave it a light yellowifh colour, pro-
duced fuch a change in the colour of litmus, that it could not
be employed, as in the laft experiment, by mixing it with the
acidulated water and boiling them together ; the purple of the
litmus was changed to an orange, which could not be made to
return to blue or purple, although I added a quantity of- alkali,
which rendered the liquor very evidently alkaline, when it was
examined by other trials. I therefore had recourfe to the com-
mon method, which I had formerly praclifed in many other
experiments of a iimilar nature, I mean the ufe of linen rags,
or bits of cambric, which had been tinged with an infufion of
litmus. A little bit of thefe, when touched with a liquor that
is in the fmalleft degree acid or alkaline, has its colour changed
from the purple to red or blue. This method is, next after the
one employed in the lail experiment, the moft nice that 1 know;
provided that, in having recourfe to it, we remember what was
remarked in the former experiment, that the litmus colour is
affected by acids in general much more eafily than, by alkalis;

and
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and that, though a liquor contain a fmall quantity of alkali, if
this be faturated and fuperfaturated with fixed air, the firft ef-
fect of fuch liquor upon the ftained paper will be to change it
towards a red. This tint of colour, however, being .produced
by the fuperfluous aerial acid, is made, to difappear, by drying
the bit of cambric. The colour of it, while drying, will
quickly change from the red to purple, and from that to blue,
in confequence of the evaporation of the fuperfaturating air.
Being apprifed of this particular, I firft made fome preparatory
experiments, with gr. 1000, and alfo with gr. 10,000 of the
Geyzer water, and afterwards a more fatisfaclory one with
gr. 10,000 of the fame, in the following manner :

To gr. 10,000 of the Geyzer water, I added gr. 400, accu-
rately weighed, of the largely diluted vitriolic acid, and began
fbon after to evaporate the water, by boiling it gently in a thin
bottomed glafs. The above quantity of acid I knew to be
considerably more than what was fufficient for faturating the
alkali.

THE water was boiled until it was reduced to a quantity
little exceeding gr. 3000. I then added gr. 84.5 of the dilute
folution of fait of tartar, and boiled the water again gently until
it was reduced to gr. 2000. In weighing fuch fmall quantities
of acid or alkaline liquors as were added to the water in thefe
experiments, it is eafy to adjuft the weight with the greateft
precifion, by dipping the end of a flender glafs rod, or of a
pointed flip of paper, into the fluid. By thefe means, we can
take up a quantity of it, as fmall as we pleafe; and this me-
thod I likewife ufed, when I meant to add thefe fluids gra-
dually, and by very fmall quantities at a time, to any mix-
ture. The end of a flender glafs rod was dipped into them, and
afterwards transferred into the mixture.

WHEN I now examined the above boiled water, by means of
the tinctured paper or linen rag, I found it reduced to the exacl
degree of faturation which i defired; that is to fay, it fcarcely

O 2 produced
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produced a change in the litmus colour, or if any change was
produced, it was only a vergency towards the red, which was
fgarcely perceptible ; and when the ftate of faturation was varied
from this point, by an addition <jf 3 grains of the largely di-
luted vitriolic acid, or by an equivalent quantity of the alkaline
folution, the tint of the colour was remarkably changed to-
wards the red or towards the blue. Suppofing therefore the
above ftate of faturation exact, and I believe it to be the moft
exact that could be depended on, the quantity of largely diluted
vitriolic acid, employed in faturating the foflil alkali of the
water, was gr. 163.4 ; for the whole quantity added was
gr. 400, and the fait of tartar of the gr. 84.5, of the dilute fo-
lution had required gr. 236.6 for its faturation. It follows,
therefore, from the effays I had made, of the power of this di-
luted acid in faturating the pure or cauftic foflil alkali, that the
unfaturated quantity of this alkali, contained in the gr. 10,000
of the water, was gr. 0.952, which is equal to gr. 1.587 of the
fame alkali combined with air and evaporated to drynefs, or
gr. 4.409 of the fame in a cryftalized ftate.

THE reafon for boiling thefe waters, with the quantities of
acid which I had added to them, in thefe laft experiments, is
fufficiently obvious. The abundance of acid was meant to in-
fure the complete faturation of the whole of the alkali, and fe-
paration of it from the filiceous earth ; and the boiling pro-
moted the fame purpofe, both by means of the heat which was
applied, and alfo by bringing the acid and alkaline particles
the nearer to one another, while the water evaporated.

A DOUBT may however pombly arife in the minds of fome
of my readers, wrhether this boiling of the water might not be
attended with the diffipation of fome part of the fuperfluous
acid, which was not neutralized by the alkali of the water ; and
if any part of the acid was difTipated, the conclufions concerning
the quantity of the alkali would be necefTarily erroneous.

To
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To remove this fcruple, I took gr. 10,000 of diflilled water,,
and added gr. 112 of the diluted acid. This mixture was then
boiled down, in the fame manner as the Iceland water ; that is
to fay, in a glafs which had an oval or nearly globular body,
about 5 inches deep, with a neck as long, and half an inch
wide. This glafs was placed in a mallow fand-heat, the bottom
of which was a flat iron plate. The boiling was continued
until three fourths of the water were evaporated, and then, re-
moving it from the fire, I added gr. 40 of the dilute folution
of fait of tartar. This neutralized it exactly, and fhewed that
no part of the acid had been diffipated in boiling ; and it con-
tinued to fhew the figns of fufEciently exact faturation, after I
had evaporated it further to the weight of one ounce, in which
ftate, any fuperfluous alkali, by being lefs diluted, would have
been more eafily difcernible.

Experiments to determine the nature and quantity of the earthy
matter.

HAVING thus determined the quantity of unfaturated alkali
in thefe Iceland waters, my attention was next turned to the
earthy matter. A fmall part of this earthy matter came into
view in the boiled and neutralized portions of thefe waters with
which I had made the above defcribed experiments. The neu-
tralized liquors were a little muddy, and depofited (lowly a
fmall quantity of fediment, which collected itfelf clofely to the
bottom of the glafs, and adhered to it flightly. This fediment,
in the Rykur/i water, was deeply tinged with the colouring mat-
ter of the litmus ; in the Geyzer water, it had a brown tinge,
and there was a little more of it than in the other. 1 collected
thefe fediments, by firfi; decanting the greater part of the li-
quor from them, and afterwards filtrating the reft in a fmall
filtre, in which the fediment was warned, by parting diftilled

water
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water through it feveral times. Being then dried on the fil-
trating paper, it contracted greatly, and was divided by fiffures
into a great number of fmall parts, as would have happened to
fine clay, had the fame quantity of it been dried on paper in a
fimilar manner; and when it was feparated from the paper, and
further examined, it ihewed the qualities of an argillaceous
earth, combined with a fmall quantity of colouring matter.
This appeared by the following experiments :

1. I PUT fome of it, which I had procured in different expe-
riments, into a platina fpoon, and made it red hot. While
heating, it firfl became black, then underwent a flight inflam-
mation, and afterwards became white, without changing its ex-
ternal form, being only a little contracted in its fize, and dimi-
nifhed in its weight.

2. To another fmall mafs of it, laid on a plate of glafs, I
added a drop of aquafortis, which neither effervefced with it,
nor diflblved it, but only changed the colour to a paler red.

3. ANOTHER fmall portion, which had been gently calcined,
was well mixed with an equal weight of the aerated fofTil alkali,
and then expofcd to a flrong heat in the platina fpoon. The
alkali was quickly melted and became cauftic ; but I could not
by its means bring the earth into fufion, or if any was diflblved
by the melted alkali, it was only a very fmall portion, not per-
ceptible by the appearances.

4. NOR did I fucceed much better, when I tried to melt ordif-
folve it by means of borax, heated on charcoal with the blowpipe.
A little mafs of this earth continued undiflblved in the melted
borax, and without any appearance of effervefcing with it, until
I was tired of the experiment.

THIS earth therefore cannot be any other than the argilla-
ceous. Had it been the filiceous, it would have been melted with
the alkali into a tranfparent glafs, which happened eafily with
different fpecimens of pure filiceous earth, fubjeded to the fame
trial j and had it been any of the alkaline earths, the borax

would
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would have diflblved it quickly with effervefcence. The quan-
tity of this earthy fediment, from either of thefe neutralized
waters, was very fmalL From gr. 10.000 of Rykum water, I
could only collect a quantity, which, after receiving an obfcure
red heat, weighed the twentieth part of a grain ; from, the fame
qiianticy of the Geyzer water, I got about 38 or 39 hundredths
of a grain.

IN one of my experiments with Rykum water, I got this ar-
gillaceous earth from it by another procefs. 1 had a dry ex-
trad, obtained by evaporating gr. 20,000 of this water, and which
weighed gr. i6~. Thirty gmins of aquafortis were added to
it. This aquafortis was made up of equal parts of the flrongeft
nitrous acid and water. The extract was digefled with it fix or
eight hours, and then diflilled water being added, the mixture
was filtrated in a fmall filtre, to feparate the clear acid liquor
from the undiflblved matter. The filtrated acid liquor was then
faturated, and a little more than faturated, with a pure aerated
alkaline fait, and the faturated mixture was heated to a boiling
heat. It became muddy, and depofited a fmall quantity of fe-
diment like mucilage, which being collected by filtration, and
dried, and heated to an obfcure red heat, weighed juft one tenth
part of a grain, and had the qualities above enumerated, which
ihewed that it was an argillaceous earth. In another experi-
ment, I digefted an extract of Geyzer water with ftrong vitriolic
acid, and thus got from it a fimilar earth ; but the quantity cf
it was very little greater than that which I had got by fubfi-
dence from the neutralized and boiled part of the fame water,
in the experiments above deferibed.

THE greater part, however, of the earthy matter had not yet
made its appearance ; I mean the filiceous earth. It ftill re-
mained in a flate of perfect difTolution in the neutralized and
boiled mixtures above defcribed, fome part of which had ac-
tually palled through filtrating paper ; and I learned, by other
trials, that the whole of thefe neutralized mixtures might,have

been
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been filtrated, without danger of feparating any part of the {\-
liceous earth from the water by that operation. This is a con-
fequence of the fingular nature of the filiceous earth, leveral
properties of which, hitherto unnoticed, or not exactly defcribed,
I became acquainted with in the courfe of thefe experiments.

WE have no experience of the poffibility of diflblving this
earth in its concrete ftate by water alone ; but if it be diflblved
in water by .means of an alkaline fait, although we afterwards
completely iaturate the alkali with an acid, the earth thus fepa-
rated, provided there is enough of water, will not fubfide ; it
will remain diffolved : the mixtute will appear perfectly tranf-
parent, and will pafs through the fikre without the fin alien,
difficulty. To gr. iooo of the Geyzer water, 1 added more than
enough of acid to faturate the alkali. 1 then boiled the mix-
ture a little while, until a final 1 part of it only was evaporated,
and I fet it afide in a quiet place. I know it contains a little
more than half a grain of filiceous earth ; but after {landing
twelve months, there is not the fmalleft appearance of feparation,
the mixture is ftill perfectly tranfparent and fluid in every part
of it, though it be decidedly acid; and I know, that had it been
boiled down to a proper degree, a feparation of the filiceous
earth would have happened in a fhort time. I learned this by
another experiment with Rykum water. To gr. iooo of this
water, 1 added a quantity of acid more than fufncient for fa-
turating the alkali. The water was then boiled till it weighed
only 138 grains, and it was let up in my clofet to remain un-
difturbed. In about eight days, the tranfparency of it was a
little diminilhed, and afterwards there was a very flow fubfi-
dence of the matter which had produced this effect. It formed
gradually, at tht bottom, a ftratum of fome thicknefs, which
was a little lefs tranfparent than the clear water above, and was
thereby diftinguifhable from it. After a week or two more, I
poured off the clear water entirely, without diilurbing the fedi-
rnent, which was in fact a tender jelly, adhering to the bottom

of
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of the glafs, and the upper furface of which was level and
fmooth. I knew the quantity of filiceous earth contained in i t ;
and comparing this with the weight of the water, when reduced
by boiling to gr. 138, I found the proportion of the earth to
that quantity of water to be as 2.68 to 1000; and having
weighed the jelly by itfelf, the proportion of filiceous earth to
the water in it, fuppofing that it contained the whole of the
earth was io.8Sto 1000. In another experiment, in which
a fimilar mixture had been lefs boiled, and in which the filice-
ous earth bore to the water the proportion of 2.1 or 2.2 to 1000,
I found a foft jelly formed at the end of forty days. And in
another, in which the boiling and evaporation was continued
until the jelly began to be formed in the upper part of the li-
quor while it was boiling, 1 found the proportion of the filice-
ous earth to the remaining water to be nearly as 3.75 to 1000.

AFTER this jelly is once formed, I never could bring it again
into a (late of difTolution by water alone, whatever quantity of
this lafl was added.

IT appears therefore by thefe experiments, that when filiceous
earth, united with an alkali, is difTolved in 1000 times, or in
more than 500 times its weight of water, it will not feparate or
fubfide from that quantity of water, although we feparate or
difengage the alkali from it. The particles of it, placed at that
diftance, do not act on one another by their attraction of cohe-
fion or concretion. It is neceflary, in order to enable them to
attract one another, that they be brought nearer, by diminifh-
ing the quantity of the water, until it be lefs than 500 times
the weight of the earth. When this is done, they will enter
into a ftate of cohefion, fooner or later, according as the Wr.ter
has been more or lefs diminifhed. But this flate of cohefion
into which they firfl enter, is alfo remarkable. The force of it
is exceedingly weak, and it takes place while the particles of
the earth are dill at a confiderable diilance from one another.
They therefore retain and entangle among them a large quan-
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tity of water, amounting to about ioo times their own weight,
and perhaps more than 200 times their bulk, with which they
form a confident jelly, almoft perfectly tranfparent.

IT may be afked here, what prevents the particles of this
earth from approaching one another more nearly, and entering
into a ftate of ftronger cohefion ? We may, if we pleafe, imagine
that they retain round each of them, by chemical attraction, a
quantity of water, which forms a little fphere or polyhjedron,with
the particle of earth in its centre. Thus, each particle is prevented
from coming within a fmaller diftance of the other particles
around it, than the diameter of that fphere ", but let the water
of thefe fpherules be diminifhed in quantity by evaporation, in
confequence of heat, or the attraction of the air, the particles
of the earth will immediately enter into a flate of clofer con-
nection and ftronger cohefion, of which we have examples in
the exceffive contraction of the jelly, while it is dried up into
crufls, and in thofe circles of thin > incruftation which were
formed on the fides of the glafs-vefTels, while. the waters were
evaporated to drynefs in the firft experiment, the particles of
which were fo ftrongly united to one another, and to the fur-
face of the glafs, that they coft me much trouble and time to
fcrape them off with a knife.

WHEN fuch a concretion is once formed of this earth, and
afterwards receives frequent additions of the fame matter, which,
infinuating itfelf into the pores of the concretion, is fixed there,
and encreafes its denfity and folidity, the mafs may in time ac-
quire a furprifing degree of hardnefs. The petrifactions of
Geyzer are undoubtedly formed in this manner, and fome of
them are fo denfe and hard that they are fcarcely dirtinguimable
from agate or calcedony.

AFTER making thefe obfervations on the nature of the fili-
ceous earth, the proper method for extracting it from the above
boiled and neutralized portions of thefe n aters, \* as fufficiently
obvious. I feparately evaporated them to drynefs with a gentle

heat
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heat in two china cups, carefully warning every drop of them
from the glafles into the cups with diftilled water, and then
taking out the dry extracts out of the cups, I put them fepa-
rately into fmall filtrating papers, and paffed diftilled water
through them repeatedly, until all the faline matter was warned
away. The papers being then carefully dried, I found the earth
in them exceedingly fpungy, fine and tender. The quantity of
it, obtained in this ftate from the gr. 10,coo of Rykum -water,
was gr. 3.8, which were reduced by the action of an obfcure
red heat to gr. 3.73 nearly. From the fame quantity of the
Geyzer water, I got gr. 6.8 of the dried earth, which, by a fi-
milar heat, were reduced to gr. 5.4, and thefe gr. 5.4 being di-
gefted with aquafortis, and again warned with diftilled water,
to extract any argillaceous earth that might remain in them, I
obtained only gr. 0.1 of this earth, which added to the quan-
tity obtained before, makes up gr. 0.48 of the argillaceous
earth, from the gr. 10,000 of Geyzer water, the remaining
gr. 5.3 being pure iiliceous earth. Some of it was melted into
a perfect glafs in the platina fpoon, with one half of its weight
of aerated foflil alkali evaporated to drynefs. The diminution
of the weight of the dried earth, from gr. 6.8 to gr. 5.4, which
happened when it was gently calcined, proceeded from fome
inflammable matter, which adhered to it at firft, and gave it a
yellowifh colour. This colour changed firft to black, and af-
terwards to a pure white, during the calcination. The inflam-
mable colouring matter might have been received in part from
the vefTels in which the water was brought, fome of which
were tainted with the odour of fpirituous liquors, or the water
might have got a part of it from fubterranean ftrata of clay, or
other earths containing inflammable matter.

P 2 Experiments
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Experiments to ham the quantity of the neutral fait s.

THE only ingredients of thefe waters, the quantity of which
had not yet been examined, were the neutral falts. The preli-
minary experiments, and the appearances obferved in the wa-
tery folution* of the extracts of thefe waters, gave me reafon
to be fatisfied, that thefe neutral falts were partly common fait
and partly Glauber's fait. To afcertain the quantities of them,
I made the following experiments : I had fome common fait,
which had been refined by a fecond cryflalization, and was in
folid dry and large cryflals. Of this I weighed ten grains ex-
actly, which were diflolved in about half a pound of diftilled
wrater. I then added a folution of filver, which contained a
little fuperfluous acid. The filver was precipitated in the form
of luna cornea or argentum muriatum; and I took care to add
rather more than the quantity which the ten grains of common
fait could precipitate. The luna cornea, after complete fubfi-
dence, and decantation of the faline water from it, was care-
fully collected on a fmall flltre, and well warned with diftilled
water, and thoroughly dried and weighed. I thus learned, that
100 parts of common fait are fufficient to give 235 of luna
cornea. This enabled me to learn, by fimilar experiments, how
much common fait is contained in the Iceland waters, and I
found that the quantity contained in 10,000 grains of Rykum water
was gr. 2.90, and in the fame quantity of the Geyzer wrater, I
found there was gr. 2.46 of common fait. Some of my readers
may perhaps be inclined to fufpect, that the Glauber's fait
contained in the Iceland waters, might, by means of its vitriolic
acid, cotribute to the precipitation of a part of the filver ; but
experiments have fatisfied me, that a fmall quantity of vitriolic-
acid, or of any vitriolic fait, diffolved in a large quantity of

water,
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water, does not precipitate filver * ; and to prevent any part of
the filver being precipitated by the alkali of the water, I added
of purified aquafortis, more than enough to faturate the alkali,
before I added the folution of filver.

ANOTHER fet of experiments, on the fame plan, but made
with Glauber's fait and the folution of barytes, in place of com-
mon fait and folution offilver, enabled me to afcertain with equal
exactnefs the quantity of Glauber's fait contained in thefe waters.
I nrft learned that if pure Glauber's fait be perfectly ex(iccated,by
evaporating the water that is in its cryftals, 10 parts of this
exficcated fait are fufHcient to precipitate as much barytes, from
its folution in muriatic acid, as will form 17 of barytes vitrio-
lica. This fact being afcertained, I added fome of the diffolved
barytes, to feparate portions of the Iceland waters, fo long as
any muddinefs and precipitation was produced ; and I care-
fully collected, warned, dried and weighed the precipitates.
I thus learned, that the water of Rykum contains in gr. 10,000
of it, as much Glauber's fait as would give gr. 1.28 of exficcated
Glauber's fait, and the water of Geyzer as much as would give
gr. 1.46 \.

IN making thefe laft experiments alfo, I added fome purified
nitrical acid to the Iceland waters, to prevent any precipitation
of the barytes which might have been occafioned by the alkali
of the water.

IN reviewing the experiments I have now defcribed, if we
neglect the fmall quantity of fulphureous gas, the contents of
thefe waters will: appear as follows :

In

See the appendix to this paper.

\ The method by which thefe fma'l quantities of fediments and precipitates were col-
!ei5}edand weighed, is explained in the appendix to this p'per.
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In gr. 10,000 of Rykum water there are,

Of cauftic foffil alkali, - gr. 0.51
Argillaceous earth, - - 0.05
Siliceous earth, - - 3-73
Common fait, - - 2.90
Glauber's fait when exuccated, - 1.28

Total, 8.47

In gr. 10,000 of Geyzer water,

Cauftic foffil alkali,
Argillaceoxis earth,
Siliceous earth,
Common fait,
Glauber's fait exficcated,

Total, IO-75

THESE quantities of the ingredients, as determined by the
above experiments, exceed the quantities of dry extract which I
obtained by evaporation. Gr. 10,000 of the Rykum water gave
by evaporation gr. 8.25 of dry extract, and the fame quantity of
Geyzer gave gr. 10 only. This difference, however, can eafily
be accounted for. It is well known that common:: fait, and
other falts, fuffer fome lofs by evaporation, when watery folu-
tions of them are evaporated to drynefs ; and the odour which
was perceived in the end of the evaporation of thefe waters,
made me fufpect that a little of the fait might have been loft.
There was therefore no reafon to expect that the refult of the
analytical experiments would tally exactly with the extract by
evaporation. I was rather furprifed and pleafed to find that

they
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they came fo near, and am perfectly fatisfied that this analyfis
is as complete and exadt as it was in my power to make it,
with that quantity of water which I got for this purpofe.

THE proportions of the above enumerated ingredients to the
water in which they are contained, {hew the quantities of them
contained in an Englifh gallon of 231 cubical inches, or j 8,484
grains, which are as follows:

Tn an Englifh gallon of Rykum water :

Cauftic foffil alkali, - gr. 3.
Argillaceous earth, - - 0.29
Siliceous earth, - - - 21.83
Common fait, - - 16.96
Glauber's fait exficcated, - 7.53

In an Engli/h gallon of Geyzer water :

Cauftic foffil alkali, - gr. 5.56"
Argillaceous earth, - - 2.80
Siliceous earth, - - - 31-58
Common fait, - - 14.42
Glauber's fait exficcated, - 8.57

HAVING now ftated the feveral ingredients of thefe hot
fprings. and their proportions, the principal queftions which
remain to be confidered are, How is the filiceous earth diffolved
in them, or combined with the water ? Has hot water alone a
power to ditTblve this earth, or was it diflblved by the medium
oi the alkali only ? And how came the falts which we find in
thefe waters and the fulphureous gas to be combined with
them ? As all attempts to ar.fwer thefe queftions mui\ be con-
jectural, different opinions will be formed concerning them ;

and
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and I may offer what I have imagined, without its being thought
necefTary to make an a ology. Profeffor BERGMAN confidered
the iiliceous earth in thefe waters as difTolved by the power of
the hot water alone ; and fuppofed, that water, aided by excef-
five heat, became a folvent of this fpccies of earth. Pie formed
this opinion, however, under difadvantageous circumftances,
and from a partial view of the fubject. He only knew that
this earth is actually diflblved in thefe waters, and depofited by
them, and that they fpring out of the ground of a full boiling
heat, with appearances of their having been hotter below.
He did not know what other ingredients they contained along
with the earth. As we now know they contain an alkali,
which is a powerful medium for combining this earth with
water, I do not think that the power of water alone to diffolve
it can be admitted, until it is proved by direct experiments ;
and I am not of opinion that thefe will fucceed. I am perfuaded
that both the filiceous and the argillaceous earth have been dif-
folved by the medium of the alkali, but at the fame time that
the violent and long continued heat contributed greatly, and
was even neceffary to this diffolution. The proportion of the
cauftic alkali to the earthy matter in one of thefe waters, is as
13 -̂ to ico ; in the other it is 16 to 100. When we form arti-
ficial compounds of filiceous earth and alkali in thefe proportions,
we find that cold water has no power to diffolve them, though
boiling water, by length of time, would certainly act on them.
Even cold water, or the humidity of the earth, is well known
to penetrate the hardeft glafs that is expofed to it for years or
for ages ; and S have had the experience of the power of hot
water to act on glafs, when I have diftilled water in the fame
glafs retorts a great number of times or evaporated water often
in other glafs veffels. Their internal furface was evidently
affected by the continued action of the hot water. Its firft ef-
fect is to foften thin lamina at the furface of the glafs, and to
make them feparate from that furface, in confluence probably

of
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of their being fwelled and extended by the water penetrating
into them ; and by a longer action of the water, there is no
doubt that they, or fbme part of them, are completely dif-
fblved.

THOSE who may have objections againfl admitting, that a
boiling heat, and great length of time, are fufEcient aids to
enable water to diflblve a compound of the filiceous earth with
fuch a fmall proportion of alkali, may imagine this earth to
have been at firft combined with a larger proportion of alkali
than that we now find combined with it, and that after it was
difTolved in the water, a part of this alkali was neutralized by
acid vapours, or acid fubftances, which the water found in its
way towards the furface.

O N the whole, however, the fuppofition which appears to me
the mofl probable is, that common fait and Glauber's fait, con-
veyed by fea-water, or contained in fofllls formed from fea-
plants, have been applied, under the influence of a violent heat,
to fome of the numerous earthy and flony flrata which contain
mixtures of filiceous and argillaceous earth ; that thofe falts
have been in part decompounded, by the attraction of thefe
earths for the alkali of the neutral fait, part of the acid has
been diffipated, or changed into fulphur and fulphureous gas,
by the action on it at the fame time of inflammable matter,
which we know to be prefent in many of the flrata ; and that
the compound of alkali and earthy matter has afterwards been
long expofed, and continues expofed, to the action of the hot
water. By fuch a fuppofition, we can imagine how the feveral
ingredients of thefe hot fprings became diflolved in them ; and
this fuppofition appears the more probable, when we attend to
the accurate obfervations of Mr STANLEY, on the nature of the
country, and ftate of the foil, in which thefe two hot fprings are
found. The rocks and mountains, which are at a fmall di-
ftance, or in the immediate vicinity of each of them, are formed
chiefly of different kinds of lava. The lower country and foil
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at the foot of thefe, and in which the fprings rife, is compofed
of fragments of thefe lavas ; but in digging into this foil or
rubbiih to a fmall depth only, thefe fragments are every where
found refolving, or refolved, into a matter like clay. At a cer-
tain depth, the fragments of fome fpecies of lava remain entire
and hard, while the reft are changed. At a greater depth, even
thefe more durable kinds are found to have undergone the fame
change with the reft. As this change is produced by the con-
ftant action of the hot water, it probably depends on a gradual
diffolution and extraction from thefe lavas of fome of their in-
gredients, which are diffolvable in water ;, and thofe which we
have actually found in the water may have been fome of thefe.
But I offer ail this as a conjecture only, which every perfon who
does not like it is at liberty to reject.

I SHALL venture further to offer another conjecture, which
fome particulars 1 learned by Mr STANLEY'S voyage to Iceland
have fuggefted to my mind. It is concerning the origin of the
pure fulphur, which is found at the furface of the earth, in the
neighbourhood of many volcanos in different parts of the
world. In Iceland, there are places in which fulphur is thus
found in very great quantity, covering the furface of the
ground, and that of the ftones and rocks, in form of a thick
cruit, and conftituting what are called fulphur banks. This
was feen in Iceland in particular fpots, in which there were very
ftrong fulphureous hot fprings, which emitted fuch a quantity
of fulphureous or hepatic gas, that the air all around was in-
fected with it to the higheft degree, and the water itfelf was
muddy and black, and conftantly boiling. Now, as we know,
that vital air has the power to decompound this gas, and to
make it depofit the fulphur which it contains, I am of opinion,
that the fulphur which appeared in fuch quantity in the vicinity
of thefe fprings, had been depofited and accumulated in this
manner from the hepatic gas, which thefe ftrongly fulphureous
fprings have emitted during a great length of time.

A P^
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A P P E N D I X .

IN order to {hew, that fuch a fmall proportion of a vitriolic
fait as is contained in the Iceland waters, has not the power to
precipitate filver, I diffolved gr. 0.3 of exficcated Glauber's fait,
in gr. 2000 of diftilled water, which thus contained a propor-
tion of Glauber's fait rather greater than that contained in the
Iceland waters. I then added five drops of purified aquafortis,
and five drops of the folution of filver. The mixture remain-
ed tranfparent feveral days. I afterwards added gr. 0.7 more
of the exficcated Glauber's fait, without diminifliing in the
leaft the transparency of the mixture. After a few days more,
I added gr. 9 of the exficcated Glauber's fait. This produced
a diminution of tranfparency, and the fediment fubfided in a
few days more. This fediment being carefully collected and
dried, weighed gr. 0.3 ; but the clear liquor which had been
filtrated from it, ftill retained the greater part of the filver.
I therefore added to it fome pure common fait, which precipi-
tated all the reft of the filver, and this laft precipitate, being
alfo collected and dried, weighed juft one grain.

W H E N I examined thefe two precipitates by means of the
blowpipe, their qualities appeared to me fo much the fame,
that I fufpecl the firft was produced by a fmall quantity of
common fait, contained imperceptibly in the Glauber's fait. If
there were 12 or 13 parts of common fait in 1000 of the
Glauber's fait, they were enough to produce the above quantity
of the firft precipitate ; and as Glauber's fait is prepared from
common fait, we can eafily underftand how a fmall quantity of
the common fait may remain in it.

' FOR
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FOR the fake of thofe who may have occafion to undertake
fuch chemical enquiries as that defcribed in the above paper, I
fhall here mention the method by which I collected and weighed
the fmall quantities of fediments or precipitates, which I ob-
tained in fome of thefe experiments. In moft cafes, the turbid
liquor was left at reft in a cylindrical glafs, until the fediment
was fo well collected at the bottom, that the greateft part of the
liquor was quite clear, and then this clear part was carefully
decanted ; the reft, which could not be decanted without di-
fturbing the fediment, was fhaken, and poured gradually into
a fmall nitre, that the fediment might be collected upon the
filtre, and afterwards warned on it, by paffing diftilled water
through it repeatedly. And this part of the procefs was much
facilitated by the preparation of the nitre, and fome other little
manoeuvres. When, for example, I ufed for my filtre a piece
of paper about four inches in diameter, I began by folding it,
and giving it the proper form ; then I fpread it open again, and
warming it, I applied melted tallow or bees wax to the margin
of it all round, until it was foaked therewith to the breadth o£
a full inch from the margin inwards, the middle part of it be-
ing carefully preferved clean. As foon as this was done, and
while it was yet a little warm, it was folded again into the pro-
per form of a filtre, and retained in that ftate until it was cold.
On a filtre prepared in this manner, it is much more eafy to
collect a fediment together, and to warn it clean, than on an or-
dinary filtre. In the firft place, no part of the fediment ad-
heres to or is depoiited on that part of the paper which was
foaked with tallow. The whole is collected on the clean part
of the paper, and after it is collected there, I condenfe it into
the centre as much as poflible, by dropping the diftilled water
on the margin of that clean part all round, or a little above
that margin, by which practice the fcattered particles of the
fediment are wafhed down into the bottom. Sometimes I ap-
ply what may be called a capillary jet of the diftilled water, di-

rected
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reeled with force to thofe parts of the fcattered fediment which
are more difficultly moved. Having thus condenfed the fedi-
ment as much as poffible, the filtre is left in a cool place to dry-
When it is perfectly or nearly dry, I fpread it flat on a table,
and cut away all that part which was foaked with tallow, and
and alfo thofe parts of the clean paper to which the fediment
does not adhere. The reft, with the fediment on it, is then
well dried before a fire, and weighed, and the weight of it
marked down ; and, laftly, in order to know how much of
this weight is made up by the paper, I take care, before I pre-
pare the filtre, to chufe another piece of the filtrating paper,
equal in thicknefs to the one of which the filtre is made. This
equality of thicknefs is judged of by holding the two pieces
between the eye and the light; or, for greater fecurity, bits of
the two pieces may be cut ofF, exactly fimilar and equal in
form and fize, and their weight compared, and allowance may
afterwards be made for their difference of weight, if there be
a difference. After weighing the bit of paper with the fedi-
ment on it, a proper bit of the referved paper is laid flat on a
fmooth table or plate of glafs, and the paper on which the fedi-
ment had been collected is laid over it, with the clean fide un-
dermofi:; then a bit of card, fomewhat lefs, but nearly of the
fame form, is prefTed down on both the papers, and, with a pair
of fharp pointed fciffars, or a pen-knife, the undermoft paper is
cut exactly to the fame fhape and fize as the uppermoft, and is
afterwards weighed. The weight of it being deducted from
that of the former, we thus learn the weight of the fediment,
with a greater degree of exactnefs, and with lefs trouble, than
by any other method which I have been able to contrive. To
complete this article, I beg leave further to add, that the
mofl ready and convenient way to foak the margin of the fil-
trating paper with tallow or wax, is to hold it above a lighted
candle, at a proper diflance for warming it a little, and then
melting the end of another candle, apply it immediately to the

warmed
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warmed paper, and repeat this, until the paper is prepared as
above directed. The prominent part of the wick of the can-
dle, which is thus melted, becomes a fort of pencil, which holds
the melted tallow or wax, and facilitates the application of it,
and the wick of a tallow candle, on account of its being thicker,
is fitter for this purpofe than the wick of a wax one.

THE laft remark on thefe experiments I (hall now make is,
that, in the trials with the folution of barytes, the barytes vi-
triolica was formed in particles fo very minute, that they did
not all remain at firft upon the filtre. Some of them paffed
through it, and made the filtrated liquor a little muddy; but
by making this muddy liquor pafs through the filtre a fecond
time, it was made quite clear, the whole of the fediment being
thus collected on the filtre.

V.




