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INTRODUCTION, 3

cessible, and by the nature of their con-
tents, suggest the causes that most probably
maintain it.. In Mineral Waters we find
many substances dissolved, whose existence
in a state of solution hath until of late
been thought impossible. Thus the Sprudel
springs at Carlsbad, in Bohemia, annually
afford 17369 pounds of siliceous earth held
in solution ; and, though this water also
contains fossil alkali, yet that earth does
not owe its solubility to this salt, as the
alkali is fully aerated. 1 Klapr. 352. To
say nothing of the waters of Geyser, in
which this earth also abounds in quantities
utterly disproportionate to the quantity of
alkali alsocontained in it. Thus,a compound
of sulphur and bitumen is found dissolved in
the waters of Rensdorf, such as has never
been imitated by any process of art. 3 Crell.
Beytr. 449.

Struck with the importance of these facts,
towards forming sound notions of universal
geology, a science intimately connected with
the principles of morality and religion, it
appeared to me, that a general method of
detecting the contents of Mineral Waters

was a proper appendage to the methods
B 2 '
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INTRODUCTION, 7

no useful purpose. Abundance of such
facts, hitherto not sufficiently attended to,
are to be found in the memoirs of many
academies, and in some antient, and many
modern works of various intelligent che-
mists: but to select, under various heads,
compare, r.-.;:peat, and correct where need
should be found, and occasionally add to
these, can be undertaken and properly exe-
cuted only by a society of skilful and well-
informed persons, instituted for t_hat parti~
cular purpose.

The niceties of manipulation, which in
these researches are of great consequence,
1 have mostly omitted, as they may be seen
in Mr. Bergman’s essay; some farther im-~
provements in the processes of evaporation
and filtration are to be found in Dr. Black’s
analysis of the Mineral Waters of Iceland.

But I have every where mentioned the
most material facts relative to the present
object, that occur in writings at present little
known in this country; though, it is hoped,
through the encouragement the Philoso-
phical Journal at present receives, that the
works of learned foreigners will no longer
remain in obscurity,

B 4













OF MINERAL WATERS. LE

times be found convenient, to distinguish it
from the combination of a basis with sul-
phur singly, which I call an /epar.

In the second species, sulphur is combined
with hydrogen, beyond the point of satu-
ration; that is to say, there 1s an excess of
sulphur held in solution. This I call super
sulphurated hydrogen, SOUFFRE HYDROGENE
of Berthollet. This species combined with
a basis, forms a super sulphurated hydro sul-
phuret, SULPHURE HYDROGEN E of Berthollet.
I shall also call it an Zepar, when that ap-
pellation is most convenient, as it some-
times will be found.

Compounds of some or other of these
denominations have been found in Mineral
W aters.

Hence it 1sdifficult to ascertain the quan-
tity of sulphur contained in hepatic air,
hepatules, and hepars, the excess in each
being variable.

By my experiments, 100 cubic inches of
common hepatic air, that is, super sulphu-
rated hydrogen, weigh at a medium, about
34 grains, the greater part of which is
sulphur. -~ Mr. Bergman calculates that
quantity of air to contain only 13,3 grains





































OF MINERAL WATERS. 23

might naturally be expected, that 12 mea-
sures of water, half saturated with fixed air,
that is, containing only 6 cubic inches of
that air, should be required to produce the
same effect in re-dissolving the aerated lime;
yet he found that ¢ measures only were re-
quisite, and these consequently contained
but 4,5 of that air. And, for the same rea-
son, it should seem, that 24 measures of
water, containing 6 cubic inches of fixed air,
should be required to produce the same
effect, and yet he found 15 sufficient, which
contained only 3,75 cubic inches of fixed
air; and instead of 48 measures of aerated
water containing 6 cubic inches of fixed air,
he found that 24, which contained only 3 of
fixed air, were required; from whence it
evidently follows, that, as the quantity of
water increased, the necessary excess of fixed
air to dissolve the aerated lime was conti-
nually diminished®. Nay, Maret assures
us, that he found 3 grains of aerated lime

* It is true, I all along supposed English cubic
inches and grains; whereas there is not the same pro-
portion between English inches and grains as between

French inches and grains; but this does not alter the
general conclusion.
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39 ON THE ANALYSIS

SULPHURETS AND SOAPS.

20. Sulphurated Alkali; and Sulphurated
Lime, have sometimes occured ih waters,
forming hepatules, but never hepars, as far
as I can find ; for all the sulphurated waters
of which I have met any account are nearly,

1f not wholly, transparent and colourless.

Whereas T found that hepars, whether alka-
line or calcareous, when so far diluted as to
become nearly colourless, immediately be-
come blue, and then turbid from the precipi-
tation of the sulphur, and in that state ceased
to have any action either on nitrated silver

- or lead, orindeed on any test. To discover

any action on tests, these waters must have
a pretty strong yellowish green tinge, and of
such, though possibly to be met with 1n lakes
near volcanos, I have seen no authentic ac-
count. All the sulphurated waters, men-
tioned by writers on whom we can safely
rely, contain either hepatic air or an alka-
kine or calcareous hepatule, or both. Such
waters bear dilution without letting any
thing precipitate, and are either transparent
and colourless, or nearly so, when fresh
drawn from the source, and become turbid
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To conjecture from what substances Mineral
Springs derive their origin.

1. Aerated Lime and Selenité most fre-
quently accompany each other.

2. Aerated Magnesia is always accom-
© pamed by Aerated Lime, but not vice versa.

3. Aerated Soda 1s generally accompa-
nied with Glauber and common salt, but
not wice versa.

" 4. Epsom1s most commonly accompanied
by Glauber, or Selenite, or both, but not
vice versd. '

5. Vitriol of Irom and Alum are E‘ﬂl’IlIl'lDl‘l]j’
associated.

6. Common Salt, unless attended with
soda, 1s alwa»—é s0 with selenite.

7. Selenite 15" found in-most springs, and
‘accompanies all salts, (except soda,) when
both are in any notable proportion. |

8. Muriated Magnesia 1s. most commonly
found with common salt, but not vice versa;
it is also often found with Epsom.

9. Muriated Lime is almost alw ays dccom-
panied with common salt. Hence it ap-
pears to me that most mineral springs derive
their impregnations . either from argillites

singly, or argillites mixed . with- sulphur

















































48 ON THE ANALYSIS

aerated earth in one pound of water to pro-
duce the change; 3 Westrumb, P 144, 1523
and with his observation those of Fourcroy
concur.

With respect to Gypsum, Bergman tells us
that he found sea-water to give a slight blue
tinge to braziled paper, which he ascribes to
aerated magnesia, though the cantharus con-
tained but £ ofa grain of it. It is then more
natural to ascribe it to selenite, of which the
cantharuscontained 4 5 grains,and this power
Geaetling also ascribes to it. Yet I must own
that I could not find that one grain of selenite
dissolved in 500 of water produced any tint
in this paper.

Again—Paper tinged blue by litmus, and af-
terwards reddened by distilled vinegar, or the
infusion slightly reddened by the vinegar, is
also used as a test of alkalis, which, by ab-
sorbing the vinegar, restore its original co-
Jour. According to Bergman, it will dis-
cover 40 grains of crystallized soda (16 of
mere acrated soda) in §,5 pints (the cantha-
rus) of water, that is about § of a grain in a .
pint, or ,z4 part of the weight of the water.
But this test too is ambiguous, as aerated
earths also restore its blue colour; after ebul-
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'54 ON THE ANALYSIS

4thly, With a few drops of a solution of
nitrated silver, it gives a precipitate, first
white, then reddish, and lastly, black; these
colours appear more or less, or sooner or
later, according to its dilution. sthly, Ni-
trated lead I did not find altered by it in a
short time, but with acetited lead it gave
soon a bluish white precipitate. 6thly, With
a few drops of solution of sublimate cor-
rosive it gives a white precipitate with a
slight tinge of red, particularly if the hepa-
tulized water be hot; this clearly distin-
guishes it from alkaline hepatules. 7thly,
Some mercury thrown into this hepatule
was not blackened until after three days.
8thly, With solution of nitrated mercury it
gives a yellowish, or if hot, a brewn preci-

pitate.
Nate. If waters containing either of these
A hepatules, contain also hepatic air, it 1s
- plain their characters must be altered and
modified by this last ; therefore, to discover
them, the hepatic air should first be expelled
by heat, and exposure to the atmosphere.
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66 ON THE ANALYSIS

cific gravity of the solution of acetited lead
was 1,1180, and that of the nitrated lead
was 1,1. Paper stained by litmus lost its
colour, but was scarcely reddened.

3- Nitrated lead, and also nitrated and mu-
rzated stronthian (and also acetited stronthian,
but much more imperfectly and slowly) pro-
duced a cloud in water which contained but
ro'aw Of real vitriolic acid, and they would
certainly detect even a much smaller pro-
portion. But neither nitrated mercury nor
nitrated or muriated or acetited Jme were
affected by this proportion in 24 hours.
Paper stained by litmus was very sensibly
reddened.

Hence by the successive application of
these tests, we may determine pretty nearly
the proportion of vitriolic acid in waters
that contain it singly and unsaturate, and
vice versa; by its means we may also form
some conjecture of the proportion of the
substances which it detects.

These tests must certainly act more or less

vigorously according to their degree of dilu-
tion. Acetited lead 1s more sensible than
the nitrated, not only from the weaker
affinity of the acetous acid, but also because












70 ON THE ANALYSIS

periments on Harrowgate water, that mu-
riated barytes discovered in a gallon of water
10,5 grains of Epsom (that is, 5 ofdesiccated)
in half an hour, but then the precipitation
was assisted by the 24 grains of aerated earth,
which that water also contained.

5. Alum; its solution m 1000 grains of
water was immediately clouded by nitrated
dead, and by nitrated stronthian after 1 hour;
with znitrated lime no cloud was produced in
24 hours; with nitrated silver, it gave a
slight bluish cloud.

6. Vitriol of iron dissolved as the above
salts, with nstrated barytes, and acetited lead,
gave an immediate precipitate; but with
nitrated lead only after 2 hours. With mu-
riated stronthian after a few seconds; with -
trated stronthian more slowly, with acetited
stronthian only after 2 hours, by nstrated lime
it was not disturbed,

7. Vitriol of Zinc also dissolved in 1000
parts water is instantly detected by the solu-
tion of mitrated lead, more slowly by that of

nitrated stronthian, but soon by muriated
stronthian. Neither nitrated Jume nor silver
disturbed it in 24 hours.

Hence we see, 1° The wvitriolic tests
ranged in the order of their powers, and be-







72 ON THE ANALYSIS

trated mercury, and the next day the mixture
was slightly heated, and spirit of wine,
whose specific gravity was 0,835 was added,
In a few minutes an incipient precipitation
appeared of a yellowish colour. Spirit of
wine and heat produced also a precipitation
when nitrated lime was added, and let to
stand for 24 hour; but then the precipitate

- was vitriolated tartarin and not selenite; so

that here no decomposition took place.
This appeared by adding strong vitriolic
acid, for then a copious selenitic precipitate
appeared.

Glauber 5 a similar solution treated in the
same manner with nitrated mercury and
nitrated lime afforded the same results. No
decomposition took place 1 24 hours of the
nitrated lime.

Selenite; mitrated Mercury ofterded a copi-
ous yellow precipitate as soon as spirit of

wine was added.

Epsom; a similar solution exhibited with
nitrated mercury a copious yellow precipitate
as soon as spirit of wine was added. INi-
trated lime also when spirit of wine was added
seemed to afford a precipitate, but did not,
for it was Epsom that was precipitated,
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and heat, gave a copious yellow precipitate.
Treated with mitrated lime and heated for
one hour to 150° on then adding the above
spirit” of wine gave a precipitate, which
was sclenite for the supernatent liquor,
gave no precipitate when treated with
muriated barytes.

Glauber, dissolved in the same manner
and treated as above, with the same preci-
pitants, gave a similar precipitate but less
copious.

Epsom and Alum afforded in a similar
treatment the same results, except that
allum and nitrated lime exhibited a pellicle
before the spirit of wine was added.

Note. 'The water could have been but
inconsiderably duninished by heat, as the

tubes that contaimned the solutions were long

and not above 2 or 3 tenths of an nch in
diameter. No precipitate appeared in any
of these solutions, until spirit of wine was
added, except that of alum just mentioned.

In applying muriated barytes or nitrous
or acetited lead to Mineral waters, which
usvally contain a variety of salts, certain
precautions must be used to prevent am-
biguities.  Thus muriated barytes is also
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vitriolic acid, but in such case the precipitate
will be dissolved by adding more water,
or heating the mixture.

There is also another ambiguity in the
application of this test, not sufficiently
noticed because it does not often occur.
Barytic solutions are also precipitable by the
boracic acid, which has been found in
Mineral Water, as Maret has observed,
z Mem. Dijon, 1784, p. 154, and the
precipitate 1s also msoluble. He also found
that though this acid also precipitates
acetited lead, yet the precipitate which it
affords 1s re-dissoluble in nitrous acid,
whereas that formed by the wvitriolic acid
is not. These experiments I have repeated,
and found the same results. The nitrous
acid I employed to re-dissolve the preci-
pitate was of the specific gravity 1,3. a
weaker does not succeed so well or soon.
Nay, I found that nitrous acid 1,416 dis-
solves vitriolated lead, therefore to prevent
all ambiguity nitrated or muriated stronthian
should be applied, for the boracic acid does
not precipitate these, nor does it nitrated
or muriated lime, if free from any vitriolic
taint, 1 have reason to suspect that i
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measure by muriated salts 5 this cannot be re-
medied, but the part so precipitated may be
detected and separated, as it is soluble in dis-
tilled vinegar, which wvitriol of lead is not.
4. It 1s precipitable by the boracic acid, but
this precipitate 1s soluble in nitrous acid
1,373 (or a stronger, ) to which vitrso/of lead
does not yield. 5. It is precipitable dlack
by hepatic water, and often by hepatules;
but the cause is easily distinguished, and the
precipitate is also soluble in the acetous acid.
But #note, if the water be sulphureous, the
precipitate will be black, though proceeding
from the vitriolic acid. 6. It is precipitable
by aerated 1iron; this, therefore, should first
be separated ; the precipitate it gives 1s solu-
ble in nitrous acid.

It may be inferred from Dr. Black’s ex-
periments on Geyser waters, p. 5, that when
soda and glauber are both found in a mine-
ral water, and acetited lead dropped into that
water, it will preferably be decomposed by
the soda, though its quantity be one half
smaller than that of the glauber; yet, per-
haps, this is owing to another cause which 1
shall mention in the sequel.
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3o ON THE ANALYSIS

soluble in nitrous or even acetous acid,
which solubility muriated silver does not
possess. - zndly, This solution is precipita-
ble by sulphats or sulphites, but this may
be prevented by previously decomposing
those salts by nitrated or acetited barytes,
after which the solution of silver may
be safely applied. 3dly, It is also preci-
pitable by /kepatic air or hepatules, and the
precipitate 1s then coloured reddish, or
brown, or black, or it is at first white, and
speedily becomes brown or black; this hap-
pens 1f sulphur be contained in the waters
though the precipitate should arise either
from the vitriolic or marine acids, or any
other cause; but when these acids are not
concerned, the precipitate is soluble in the
nitrous acid, and thus all ambiguity ceases.
4thly, It is precipitable by exfractive or
bituminons matter, as the hydrogen of this
matter decomposes the nitrous acid ; but in
this case also the precipitate 18 discoloured
and is soluble in the nitrous acid, so that

no deception can arise.

The power of this test is very great.
According to Mr. Bergman, one grain of
common salt dissolved in 42250 of water
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acicular crystals. Monnet failed probably
from having evaporated the solution.

It is subject to the same deceptions as
the nitrous solution, but they are detected
and remedied in the same manner.

Note also, that with nitrated lime or
magnesia it gives a slight cloud, but this
proceeds from an exceeding small propor-
tion of marine acid always found in cal-
careous earths, and often in magnesia, for
the precipitate is insoluble in nitrous acid,
and when filtered off, no new precipitation
takes place on the addition of the acetited
silver.

Vitriol of Silver. This test of marmne
acid was first proposed by Westrumb. To
prepare it he dissolves one part vitriol of
silver 1n 110 parts of water. It should cer-
tainly be sufficiently dilute, as vitriol of sil-
ver 15 in some measure, when saturate, pre-
cipitable by pure water.

As the muriatic acid has a strenger
affinity to silver than the vitriolic, murats
decompose this wvitriol just as they do
nitrated silver, and it has this advantage,
that it is not precipitable by sulphats also,
as nitrated silver is, but still 1t is subject
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84 ON THE ANALYSIS

2. The sulphats should be decomposed by
acetited stronthian, and the muriats by
acetited silver, for neither of these are
decomposed by the pure boracic acid.
Then these being filtered off, acetited lead
will precipitate the boracic acid, and the
precipitate is soluble in nitrous acid whose
specific gravity is 1,3.

OF BORAXK.

The waters i which this salt 1s found
have never yet been analysed; as it is diffi-
cultly soluble, it is probable they contain
no large proportion of 1t, except % be
reckoned such. It also 1s incompatible
with earthy and metallic salts, except those
formed by fixed air, but the mineral alkals
may, and probably does co-exist with it.
It may therefore be discovered by satura-
ting both with vitriolic acid, and then dis-
tilling the compound in a heat gradually
raised so as to redden the bottom of the
retort. Some boracic acid will thus sub-
lime in the neck of the retort in the form
of shining particles.
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OF MINERAL WATERS. 99

_quesce by exposure to the atmosphere; but
if soda, it will rather effloresce.

The power of spirit of wine, in precipita-
ting these salts, and particularly glauber, is
not great; a solution of one grain of vitri
olated tartarin in 1000 of water was clouded
(where the liquors touched) by spirit of
wine, whose specific gravity was 0,817, and
a precipitate appeared in three days. But a
similar ‘solution of glauber was less affected,
and the slight precipitate formed, vanished
on agitation. But a solution of one grain
of vitriolated tartarin in 500 of water was
not altered by spirit of wine 0,834 after 24
hours, nor was a solution of 2 grains of
desiccated glauber in 500 of water, in my
experiments.

Note. Both these salts are incompatible
with the existence of either nitrated or

muriated lime, and also with nitrated or -

muriated magnesia, except one or other
of the antagonists be in a very minute
proportion in 7000 grains of the water. Note
also, both the sulphats may be decomposed by
barytic lime water even added to excess,
ald afterwards the excess precipitated by
fixed air and the alkalis saturated therewith,
H 2
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102 ON THE ANALYSIS

in the proportion of 1, and certainly even
m a much smaller proportion at least in
24 hours, or a few days. |
According to 1 Bergman, p. 161 and 157,
fixed alkalis discovers w4 of selenite, this
seems the limit of their powers; conse-
quently they would not discover one grain
In a pint of water. Muriated barytes,
according to Bergman, detects » grains
of selenite in 42230 of water in 24 hours,
or about 4+%y part of the whole. Ibid.
Selenite is incompatible with no salt
found in Mineral waters, except alkalis,
and aerated magnesia, and muriated barytes.

b 22,5  ATUM,

Aerated Lime is a good test of this sub-
stance, for with alum it gives a precipitate,
and with no other salt except muriated ba-
rytes, and vitriolated metals. The ambigui-
ties arising from these collateral powers of
this test i'arely occur, and are easily pre-
vented. That arising from muriated barytes
is prevented by a few diops of dilute
vitriolic acid, which will detect and preci-
pitate the barytic earth if any be; and in

-_ﬁ_‘lb;:t;




OF MINERAL WATERS. 103

such case we may be sure that neither alum
nor any other sulphat exists in the water.
If a witriolated metal exists in the water,
it is easily discovered by the colour of the
precipitate and also by prussite, which re-
moves it. After which this test will de-
compose and precipitate the argil from
alum. Aerated magnesia produces the same
effect.

Mr. Bergman, to effect this separation,
. uses chalk well purified, finely pulverised
and applied to the water evaporated to a
few ounces and strongly heated, 4 Bergm.
p- 150. in note. I have found the solution
of lime in fixed air dropped into a solution of
alum to produce a precipitate very readily.
It 1s true, the precipitate was mostly gypsum,
for much of the argil was kept in solution
by the fixed air. To apply this experiment
to Mineral Waters, containing alum, im-
mersed in abundance of water, we must
recollect that gypsum is soluble in s00 times
its weight of water; and that, consequently,
none can be precipitated unless the quantity
of water be diminished by evaporation. But
the argil may singly be precipitated if the
fixed air that holds it in solution be expelled

H 4
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106 ON THE ANALYSIS

argil which detains it, and consequently
only vitriolated argil, and not alum, existed
m the water. This conclusion may be
confirmed by making the same experiment
with soda instead of tartarin, for as this
does not enter into the composition of any
alum the sulphat it forms will be detected
as n §. 20 in all cases. Hence if both
sulphats are detected, alum exists in the
water, but if that of soda only is detected,
then we may be certain that it is only
vitriolated argil that exists in the water.
Spirit of wine, unless very strong, has
no extensive power of precipitating alum ;
spirit of wine 0,834 does not precipitate
desiccated alum from water, 500 grains
of which contain 2 grains of it, unless the
mixture be slightly heated; but with this
circumstance one grain of it in 500 of
water may be discovered by affording a
cloud, which disappears on agitation. In
this case I added to the solution three
times its bulk of the spirit of wine.
Alum is incompatible with alkalis,
muriated barytes, the nitrats and muriats
of lime, and aerated lime and magnesia,
unless minute quantities of one or other,
or of both the antagonists, be present.
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though no cloud at first appeared, a precipi-
pitate was found after 24 hours.

Hence selenite and Epsom may well be
separated by spirit of wine 0,834 or even
a weaker, even if both should be precipi~
tated, their different solubility in water
will sufficiently distinguish them. So also
may selenite from other salts, the metallic
excepted.

Epsom 1s incompatible with alkalis,
muriated barytes, and nitrated or muriated
lime, but not with aerated lime.

VITRIOL OF IRON.

The best method perhaps of detecting
this vitriol in water, 1s to Aeat it 1n a vessel
presenting a large surface, and leave it ex-
posed to the air for a few days, thus the
vitriol will be decomposed.

Spirit of Wine also precipitates this vitriol
when in its usual state, and thus its union
with the wifriolic acid may be demonstrated
for it does not precipitate muriated iron;
and thus also if both co-exist in the water
they may be separated. If the iron be
super-oxyginated, forming what formerly























































OF MINERAL WATERS. 129

4. Let the aqueous solution be treated
with aerated magnesia, this will precipitate
the nitrated lime.

5. To get rid of the nitrated magnesia
formed by the last treatment, evaporate
the whole once more to dryness, and on
the dried mass pour spirit of wine 0,817,
this will take up the nitrated magnesia,
and leave the alkaline nitrats untouched.

§. 33. NITRATED LIME.

This salt is incompatible not only with
aerated alkalis, aerated magnesia and argil,
and all sulphats except selenite, but also
with sylvian, which it invisibly decomposes.
It is evident therefore that a notable pro-
portion of any of the antagonists renders
every proportion but the smallest of the
other impossible.

To discover this salt, the water should
be evaporated considerably, yet not too
much, in order to deposit the greater part
at least of the selenite it may contain,
and then should be treated while yet warm
with spirit of wine 0,817 to free it from
other sulphats also, The evaporation should

K
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more to it, which treated as already men=
tioned, will leave somewhat more of
extractive matter on. the filter. It tastes
bitterish, and seldom exceeds half a grain n

7000 grains of water. '

This matter is sometimes separated with-
out the intervention of vitriolic acid, by
merely throwing the alcoholic solution into
twice its weight of water, Westrumb,
saline Pyrmont, p. 50. |

§. 37. ANIMAL EXTRACTIVE MATTER,

This singular substance, of which I met
no distinct account, but in the 37thvolume
of the Fournal de Physique, for July, 1790,
p. 87, is found in the fountain of Avor,
in Anjou, in great abundance, and was dis-
covered by Mr. Ducloseau; the smell and
taste of this water are exceeding disagre-
able until it has been a long time exposed
to the air, it then putrifies; but after a few
days, particularly if much agitated, it be-
comes much purer. The animal extract
which it contains is in a great measure
soluble in spirit of wine, but much escapes
its action, and emits a most infectious smell

on evaporating it. I find no other description
of it.

K 4
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136 ON THE ANALYSIS

CHAP. IIL

OF INCOMPATIBLE SALTS.

| ONCE thought the labour of analysing
Mineral waters might be much abridged,
by observing, when certain species of salts
were discovered in it, what other species
would be decomposed by that or thosealready
discovered, and consequently could not (I
thought) be supposed to co-exist with them,
and of course needed not to be sought for,
But I soon found both my own experiments,
and by the observations of the most accu-
rate analysts, that when both species of
antagonist salts, if I may so call them, are
very far from the point of saturation in a
given solution, they may co-exist in it.
The requisite distance from the point of
saturation 1s various 1n various species of
salts; the observations I have made on it
I shall mention, after producing some ex-
amples of the co-existence of these seem-
ingly incompatible ingredients.
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13 gramns of muriated lime, and 10,5 of
crystallized Epsom (or rather 5 of mere
Epsom, as 1 shall presently shew) and these
salts may well co-exist in that proportion in
so large a quantity of water, at least 58400
grams. Then a pint would hold 1,6 grains
of muriated lime, and 0,6 of a grain of mere
Epsom. In § 9, of the last chap. I have
shewn that nitrated lime did not discover
one grain of mere Epsom in 1000 grains of
water 1 24 hours; and' Fourcroy observed,
that muriated lime did not discover one
grain of Epsom in 4000 of water, nor did
even a decomposition happen in my ex-
periments.

4thly, Tingry found one grain of soda

and 5,4 of selenite in 10 pounds of the

water of Amphion, 3 Mem. Laus. p. 59.

sthly, Westrumb found 0,06 of a grain
of muriated lime, and 0,93 of a grain of
magnesia to co-exist in a pound of water
with 11,7 of crystallized (or rather 6 of
mere) glauber, 1 Chy. Ann. 1788, p. r29.

6thly, Accum found 1,04 of a grain of
muriated lime, and 13,8 of crystallized (or
about 7 of mere) glauber in one pound of
water, 5 Crell Beytr. p. 465.

s it Wt B s msege——. 2
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Bergman ascribes the inactivity of the
divellent powers in these cases to the
rarity of the particles that possess them,
within a given space; this is indeed the
circumstance in which the activity of these
powers ceases, but does not appear to me
to be the cause of this cessation. However
rare the antagonist particles may be, they
are equally numerous within a given space,
let the proportion of their mass be what
it may. It is only the magnitude of the
particles that can be supposed different
when their proportion 1s different. Thus
the number of patticles of an ounce of salt
within 10 cubic inches of water, in which
it is supposed dissolved, is equally great
as it i1s within that same space, when that
weight of salt 1s dissolved 1n 1000 cubic
inches of water; it is only the magnitude
of the particles that is different. Now the
diminution of magnitude in other cases,
rather promotes than obstructs the exertion
of attractive powers, as the surfaces of
the attracting particles by which they come
in contact with each other are thereby
increased ; therefore the diminution of
magnitude, merely assuch, cannot be the

R
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cause of this inactivity. It must conse-
quently be rather attributed to the resis=
tance of the particles of water to that
motion and separation from each  other,
which the action of the devellent powers
of the saline particles would necessarily
induce; just as the particles of leaf-gold
foat on water, when the difference of the
specific gravity of gold and water is com-
pensated or overcome by the resistance of
the particles of water to their division. So
in this case the force of the devellent
powers is resisted and overcome by the
attractive power of the particles of water
to each other. And hence when this
resistence 1s diminished by heat, a decom-
position often takes place, which other-
‘wise would not, see Mem. Par. 1748,
p-'/igua.: - Heneey ithe greater rtheditats
tractive power of the antagonist par-
ticles to each other, the greater must be
their rarity before its activity can be coun-
terbalanced by the resistance of the par-
ticles of water. Thus we have seen that
the attraction of barytic earth and of calces
of lead to wvitriolic acid, and of calces of
-silver to marine acid, and of gallic acid to
calces of iron, and of lime to fixed air
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being exceeding strong, they will act on
each other, though their masses be to that
of water, only as 1 to 8ocoo or rocooo.
And thus a scale of attractive powers
may perhaps one day be formed.

The following list exhibits most of the
incompatible salts that need here be noticed.
1. Aerated alkalis—and earthy or metallic

sulphats, muriats, or nitrats.

2. Uncombined vitriolic acid—and earthy

nitrats, or muriats, or aerated earths, &c,
3. Alkaline sulphats—and earthy nitrats,

_or muriats.

4. Glauber—and sylvian. 2

5. Vitriolated tartarin—and nitrated soda.

6. Vitriolated volalkali~—and nitre (Quere?)
and sylvian.

7. Epsom—and nitrated lime or muriated
lime.

8. Alum—and nitrated lime or magnesia,
or muriated ditto,

9. Nitrated lime—and sylvian, sal ammo-
niac, muriated barytes, and murated
magnesia.

10. Nitrated magnesm—and sylvian auﬂ

muriated barytes.
11. Muriated magnesia—and nitrated suda,
and nitrated limeg |
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they are also void of smell and taste, for
hepatic waters are often specifically lighter
than the purest distilled water. Thus
Andrea found the water of the sulphureous
spring of Limmer lichter than distilled water,
2 Crell. Beytr. p. 207; as did Brockman that
of Rensdorf, 3 Crell. Beytr. p. 461. This
water 1t is true Is also bituminous.

The heaviest water of which I met any
account, is that of the lake Asphalt or
Dead Sea. Lavoisier found it 1,2403, and
that 1t contained 44,4 per cent. of saline
matter, of which 6,25 parts were common
salt, and 38,15 were muriated lime and
muriated magnesia, Mem. Par. 17%8, p.
69. The lightest is that of the fountain
of Envie, near Turin, its specific gravity is
1,0000. It contains no fixed air, and 8
pounds of it contain about o,5 of a grain
of aerated lime, Mem. Turin, 17883, p. 84.
The specific gravity of waters that abound
in fixed air, is very difficultly obtained, as
they constantly emit bubbles. It should not
be attempted, unless in temperatures below
s0°. as even the weakly impregnated often
sparkle at 60°. According to Bergman, water
fully saturated with fixed air at the tems
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dissolved, there 1s no pretence for distin-
guishing any part of the water it is dissolved
in, as water of crystallization, as in fact
there is no crystallization. The only dif-
ference betwixt water of crystallization and
other water, is the difference of states, the
one being solid and the other liquid; but
when salts are dissolved, all, is liquid, this
difference then exists no longer. The dif-
ference of states arises from the substraction
of caloric, but when crystallized salts are
dissolved, the watery part (as well as the
saline part) recovers its caloric or latent
heat, and thus produces cold ; consequently
it is then in the same state as other waters:
a sure proof of this is, that it is only in their
crystallized state that salts produce cold
during their solution, whilst several of them
when dissolved in their desiccated state,
- produce heat; and, on the contrary, those
that produce cold during their solution, pro-
duce: heat, or give out caloric in the ‘moment
of their crystallization, which evidently
shews they were not deprived of their caloric,
nor consequently in a crystallized state in
the water. It is true nevertheless, that all
saline solutions contain less specific heat than
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Fourcroy has well explained the source
of the insufficiency and inaccuracy of tests:
« They announce, it is true, some earthy
« or alkaline bases, others of them acids,
“ and others also metals; yet they do not
¢ always inform us with what acid this or
¢¢ that basis is united, nor consequently the
¢ true nature of the matters contained
“ the waters. It 1s true, that the know-
¢ ledge of double elective attractions throws
“ in many instances, much light on the
¢ subject, yet in many cases much uncer-
¢ tainty still remains ; as when the vitriolic
¢ acid is united both to luime and to mag-
“ nesia, and the muriatic to magnesia; or
¢ when the muriatic acid is united to lime
“ and magnesia, and the vitriolic to lime.
“ Of these combinations tests give us no
“ information.”  Analyse des Eaux d’En-
ghien, p. 69 and 7o.

It must however be allowed, that in some
cases the constituent specific ingredients
have been inferred from the indications of
tests, with great sagacity and ingenuity, by
some German chermists, particularly Gren,
Westrumb, and Reuss. But cases occur
that evade detection in ‘the usual mode of
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guised, Analyse de I'Eau d’Enghien, p. 276
and 325s.

In addition to this observation, grounded
on experiments, which he purposely insti-
tuted to verify them, I shall farther remark,
that Mineral waters frequently contain in-
compatible salts as already stated, one or
other of which is indeed in an inconsider-
able proportion, but when by close evapo-
ration they are brought together in an
inconsiderable space, they decompose each
other, and thus salts are exhibited which
the water did not originally contain.

Again, the wusual practice is to weigh
the saline mass left after evaporation,
‘before and after treating it with spirit of
wine, m order to judge by the loss of
‘weight how much of it had been taken
‘up by the spirit, see 1 Bergm. p. 181, 5
Fourcroy, p. 127, and 1 Westrumb, 2 heft,
p. 119, and 120. Now it is easily seen
that the difference of weights can decide
‘nothing in this case, unless the degree of
‘desicration before and after thé treatment
with spirit of wine, be exactly the same,
‘which can never be expected to happen,
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The Marquis de Brezé* in a similar
case re-dissolved the compound of both
salts, and treated the solution with a solu-
tion of nitrated silver as long as a precipi-
tate appeared, and then treating the pre-
cipitate with nitrous acid, estimated the
weight of the common salt by that of the
muriated silver, as that alone remained
undissolved by the mnitrous acid added.
But he supposes that 135 grains of muriated
silver indicate 65,35 of crystallized com-
mon salt, which is not exact.

2. Comman Salt and Glauber; if the
quantity of common salt exceeds or equals
that of the glauber, Westrumb+ separates
them, first by obtaining much of the
common salt by crystallization, and then
adding dilute spirit of wine, he ob-
tains nearly the whole of the glauber,
after ‘'which the remainder of the com-
mon salt is obtained by evaporation.
But if the quantity of glauber be pre-
dominant, he separates it intirely by spirit
of wine. This application of spirit of

* Mem. Turin, 1788, p. 6o.
+ 1 Westr. Abhandl. p. 29o. = 2 Westr. Kleine,
Abhandl. 2 heft, p. 87, and _3.3.
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tated magnesia recomposes. Epsom, the
weight of which he substracts from that
of the aggregate, the remainder gives the
weight of the glauber originally contained
in the aggregate, 1 Bergm. p. 128 and
129, He adds, that the weight of the
Epsom might also be inferred from that
of the precipitated magnesia, (which shews
that great man had the method of estima-
tion I employ already in contemplation.)
In this case however it would be better to
precipitate the magnesia by lime water, as
then it would be obtained free from fixed
air; there is no danger that sclenite would
be precipitated with it, as the abundance
of water would keep the selenite in solu-
tion, and to obtain the whole of the mag-
nesia, the solution should be heated ta 180,
1f the quantity of Epsom were very small,
there would be an obsolute necessity of
recurring to this mode of estimation,
Westrumb © observed . that 65 grains of
Epsom and 3oo of glauber could not be
separated by crystallization, 2 Westr. p.
45, and 46.

6. Muriated Lime and Muriated Mag-
H-l'.‘?ﬂ-ﬂ- ,TD separatﬂﬂnd .estima.t_e ﬂﬂCh of
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these, Klaproth first weighs the aggregate,
then precipitates the warm solution of both
by soda, then super-saturates the preci-
pitate with vitriolic acid, continuing the
heat for some time, (I suppose, to be cer-
tain that the calcareous earth was wholly
taken up, and to expel the fixed air,) after
which he saturates the excess of acid by
aerated lime. The selenite thus formed
he filters off, then evaporates gently to rid
the solution of any remaining selenite,
the solution then containing nothing but
Epsom, he crystallizes by exposure to the
air, re-dissolves the crystals, decomposes
the Epsom by soda, and dissolves the
precipitated magnesia 1n muriatic acid,
evaporates to drymess and substracts its
weight from the original aggregate, and
thus obtains the weight of both the ingre-
dients, 1 Klapr. p. 360. Dr. Garnet, in
his Analysis of the sulphur water of Har-
rowgate, p. 44, applied also the wvitriolic
acid to separate these muriats; the selenite
thus formed he separated, and estimated
the quantity of lime it contained and the
quantity of muriated lime that quantity
would form, by Bergman’s computation,
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5. The next step is to find the whole
quantity of air in cubic inches, under the
given barometrical height and the given
temperature. Here two cases may arise;
either the mercury within and without
1_:h¢ jar is brought to a level, or it
18 not; 1if it be, then no calculation is
requisite, the number of inches correspond-
ing with the actual barometrical height and
temperature being then truly expressed.
But if the mercury within and without the
jar cannot be brought to a level, then the
number of inches corresponding with the
given pressure of the atmosphere and tem-
perature must be sought by calculation.
To understand which it is requisite to ob-

of the residuary air, and thus the quantity absorbed
would be rendered doubtful. Some advise, in order to
hasten the absorption, that the jar should be transferred
into a tub of lime-water, and shaken therein; but to
say nothing of the enormous quantity of lime-water
requisite, some common air is by agitation expelled
from the lime-water, and unites to the residuary air
unabsorbed, and renders its quantity doubtful ; the tem=
perature is also frequently different from that of the
mercury; and if the air within and without the jar be
not on a level, the quantity of residuary air must be

calculated anew.
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by two causes, its pressure and its tempe-
! Tature ; the effect of each of these we now
ﬁ}’ﬂmiﬂt‘, and, rst, The weight of air in a
1: ,87Ven temperature 1s directly as its pressure,
| but its pressure is given by the barometrical
height; so that its weight in a given tem-
- perature at one barometrical height being
| known, the weight it would have at any
| other barometrical height and in the same
temperature may also be known, Now I have
found that 100 cubic inches of common air,
at the temperature of 60°. weigh 30,929
grains ; therefore, if the barometer were
29,5, and the tﬂmperature also 60°. then 100 -
cubic inches of common air would weigh
30,414 ; for, as 30 . 29,5 11 30,929 . 30,414,

But, 2dly, If the temperature be above
or below 60°. the weight of air of the same
volume 1s diminished in the first case, and
increased in the second case, by each degree
above -or below 60° ; and hence a certain
proportion must be swbstracted from the
volume in the first case, to reduce it to the
bulk the same weight would have at 60°.
and added in the second cuse, let the height
of the barometer be what it may ¥,
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* Phil. Trans. 1777, p- 566-
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Nor is precipitation by the sulphureoys
acid a proper method of estimating its
guantity, as the precipitate consists of the
sulphur contamned in that acid, as well as
of that contained in the Mineral water.

The oxy-muriatic acid also precipitates
sulphur from sulphurated waters, but then
the smallest excess of it oxygenates the
sulphur, and converts it into a sulphureous
acid. |
§. . TO ESTIMATE THE SOLID AND

LIQUID INGREDIENTS.

. Having determined the quantity and
species of elastic fluids, in a given weight
or measure of a Mineral water, the next
step I should take would be to determine
the quantity of the aerated substances cona
tained in it, for this purpose, if the water
be sulphurated, it should . first be deprived
of its sulphur, either by exposure to the
air under a large surface for § or 6 days,
if only a few pounds be examined, or 18
or 20 days if the quantity be large; or
by the gradual addition of litharge, as
long as any hepatic smell remains; both
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‘magnesia that also separated from the
distilled vinegar.

5. If it contains lime and magnesia, these
are to be separated by adding moderately
strong vitriolic acid, as long as any pre-
cipitate appears, then heating the solution
slightly, and adding spirit of wine; the
selenite thus precipitated being filtered off
and heated gradually to redness for half
an hour, will thus be desiccated, and of
this 100" grains contain 38,81 of lime,
which if aerated would form 70 of desic-
cated. aerated lime. The magnesia may
now be precipitated from the munatic

~solution by semi-acrated soda, dried and
~weighed as above. |

But the whole of the aerated magnesia
is not precipitated by ebullition, to obtain
the remainder, the boiled water must be
evaporated nearly to dryness; thus the-
aerated magnesia and selenite will be de-
posited, and by successively adding distilled
water boiling, and in large quantity,
the sclenite and other ingredients will
be re-dissolved, and the magnesia re-
main single, and being collected may
then be dried and weighed.  Or the
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grawity, (ﬂr by a previous experirnent
on the quantity of alkali, a certain
quantity of it can saturate,) and note
the quantity of it that is employed to
procure neutralization, and the quan-
tity of real acid contained in the
quantity so employed, then precipitate
the whole quantity of vitriolic acid
contained in the water, by the addi-
tion of barytic lime water, the whole
of this acid will be contained in the
precipitated baroselenite, of which,
after ignition, 100 grains contain 33
of real vitriolic acid. If the quantity
of real acid thus found ewxceeds the
quantity contained in the dilute acid
employed in saturating the alkali, then
the excess proceeds from some alkaline
sulphat pre-existing in the water, but
as much as is equal to the quantity
contained in the added acid, must
have been employed in saturating the
acrated alkali, INow the species of
alkali being known, its quantity may
be determined, the quantity of real
acid necessary to saturate it being
thus discovered ; for 100 grains of real
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- tioned § 20, Part I. Chap. %2, as 170
grains of ignited baroselenite betoken
‘100 grains of desiccated. Glauber, or
238 of crystallized Glauber. Ry

13-  And 136,36 grains of baroselente
indicate 100 of dry vitriolated tartarin.

I4.  And if, to distinguish whether it
were Glauber or vitriolated tartarin |

~ that was decomposed, acetited barytes i‘

be employed, then the acetited alkali

in the solution from which the barose-
lenite 1s filtered off, being treated with
tartaric acid, will deposit super-tarta-
ricated tartarin (cream of tartar) of 1
which, when dried in a moderate heat,

100 grains will denote 41,8 of wvi-
‘triolated tartarin, according to the
account of its constitution, 3 Bergm.

p. 368.

P R g e e
.

OF SELENITE.

15. . » Legtthe aerated magnesia that may
 still remain in the boiled water be
saturated with nitrous acid, then the
quantity of selenite is most advantage-
ously determined by weighing after
‘just desiccation, that obtained by eva-
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3. If it be accompanied with selenite
and Glauber, and with no other sul-
phat, neither then can any other earthy
nitrat or muriat exist in the water,
and therefore it may be estimated by
decomposing both it and the selenite
by semi-aerated soda, which will pre-
cipitate both the calcareous and mag-
nesian earths. The precipitated earths
filtered off, washed and dried, should
then be re-dissolved in dilute vitriolic
acid in a boiling heat, and the solution

evaporated to dryness; the dried mass

pulverized, should then be treated with
twice its weight of cold wataer, which
will take up the regenerated Epsom,

tand leave the selenite. Lastly, the
- eolution of Epsom evaporated to dry-

51-

ness in a heat of 4o0°. and weighed,
will present the quantity of that salt

_contained in the water,

4. If it be accompanied with alum
singly, neither then can any earthy
nitrat or muriat, except muriated argil,
be found in the water; and if, by the
Previous investigation, muriated argil
be found, it will be proper to separatg
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grains of the muriated silvér denote
100 of common salt; but the simplest
and easiest way i3 to evaporate to
dryness.

2. If these salts accompany eack other,
unaccompanied by any other, they are
separated and distinguished by the
application of acetited silver and tar-
taric acid, as shewn in §. 25, No. 4, and
above 1 No. 14.

If common salt be accompanied with
aerated alkalis, fixed or volatile, in any
notable proportion, then all earthy salts
must be absent, and the aerated vol-
alkali must be expelled by distillation,
and estimated as already mentioned,

Part 1. Chap: 2, 8. 4, p: 5%, -0r if no

fixed aerated alkali accompany it, it

may be saturated by vitriolic acid; the
quantity of acid applied, discovered by
barytic lime water, and from the quan-
tity of witriolic acid thus found, the
quantity of the volalkaline basis indi-
cated, as 100 parts vitriolic acid take
up abeut 26 of real caustic volalkali.
If it be accompanied with aerated
soda or tartarin, saturate these with
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acid betoken 100 of desiccated Glauber.
Then decompose the common salt by
nitrated silver, and ‘estimate as in
No. 94.

4. If it be accompanied with muriated
volalkali singly, and no other salt, de-
compose the ammoniac by barytic lime
water, and then"after ebullition to expel
the caustic volalkali, expel the barytic
earth by dilute vitriolic acid, until neu-
tralization is obtained, then expel the
disengaged muriatic acid by ebullition,
until the water ceases to discolour colo-
rific tests, or at least is saturated by a
known quantity of soda, the barosele-
nite thus obtained, gives the quantity of
barytic earth employed in saturating
the marine acid, as roo grains of ignited
baroselenite contain 66 of earth, and
the quantity of earth thus found, gives
the quantity of acid contained in the
sal ammoniac; as 100 grains of barytic
carth saturate, and therefore denote
31,8 of muriatic acid; and the quantity
of this acid thus discovered, indicates
the weight of sal ammoniac, as 42,75
erains of muriatic acid enter into the
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think is incompatible with sal ammo-
niac) and no other salt, let the su/-
phats be first removed by evaporation,
(and precipitation by spirit of wine if
numerous) and then - the muriatic
solution being filtered off, let the
sulphats (except selenite) be re-dis-
solved in water, and each estimated
as shewn from WNo. 12 to No. 83.

If the muriatic solution still retains
any sulphat (which will be discovered
by exploring a portion of it by soda
and muriated barytes) let it be pre-
cipitated by acetited barytes, or if an
‘earthy salt, by barytic lime water ;
this water, it i1s true, will decompose
both the sulphats and the sal-ammo-
niac, and also the earths united to the
vitriolic acid, but as much of it as
acted on the sal-ammoniac will remain

in solution, and may afterwards be sepa-
rated by dilute vitriolic acid, and will
serve to estimate the quantity of the
sal-ammoniac as shewn in No. gé.
And as much of it, as procceded from
the action, of the wvitriolic acid con-
tained in the sulphats, will remain an
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muriated earths be found, saturating
the excess of acid with a known
quantity of an earth of the same spe-
cies, and evaporating the solution to
dryness,and deducting fromthe weight
thus found that of the muriated salt
formed by the earth added.

Thus 50 grains of lime form 100
of muriated [ime heated to redness,
31 grains of magnesia form 100 of
muriated magnesia. heated to 140°, and
according to Richter 21,8 grains of
argil, give 100 of muriated argil so
far evaporated as to be sensibly dry.

If it be accompanied by muriatéd
lime and muriated magnesia, and no
other salt, these earths are to be pre-
cipitated by barytic lime water, as
in the former case, and re-dissolved
in marine acid, the quantity of the
calcareous earth is discovered by pre-
cipitating it by wvitriolic acid, as 100
grains of sclenite heated to: incan-

descence give 41 of calcarcous earth,
* and this being found, the quantity of
muriated lime is found by No, 103,
The muriated magnesia now remains
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140% will state the quantity of
muriated magnesia, and the argil
dried at 140°, will exhibit the quan-
tity united to the muriatic acid in
the water whence the quantity of
the compound it formed is deduced,
as in No. 103.

rro,  Lastly, the barytic solution con-
taining also the common salt is to be
decomposed by adding a few drops
of wvitriolic acid, thus the marine
acid it contained will be left single,
and may be expelled by heat or satu-
rated with soda, whose power of
saturating marine acid 1s foreknown,

111. 53 grains of mere soda forming, when
united to muriatic acid, 100 of com-
mon salt; and evaporating the whole
to dryness, and substracting the com-
mon salt formed by this addition,
we obtain that of the pre-existing

112. common salt. The quantity of
marine acid contained in the earthy
salts is also thus found, as it 1s con-
tained in the newly formed common |
salt of which 100 grains contain 33,38
of real marine acid, and thus any
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spirit of wine ,817 which will take
up the earthy muriats singly and leave
the sulphats and common salt, which
should be re-dissolved in a sufficiency
of water, or at least all of them
except the selenite; from this solu-
tion the common salt should be pre-
ciptated by wittiol of silver, the
muriated silver dried as already men-
tioned gives the weight of the com-
mon salt as in No. 89. And 100
grains of common salt, which is
thus converted into Glauber, would
give 120 nearly of desiccated Glauber,
and the quantity thus formed is con-
sequently to be substracted from the
quantity of Glauber found in the sub-
sequent investigation.  This being
done, the sulphats are to be estimated,
as already shewn at large. Lastly,
the spirituous solution is to-be evapo-

rated to dryness, the dry mass re-dis-
solved in water, and the muriats it
contains, estimated as in No. 102, 109.

But 2dly, If the muriated lime or
muriated magnesia, be in notable pro-
portion, then the proportion of the
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are also compatible with each other.
In this case, take two equal portions
of the water, and from the one pre-
cipitate the selenite, or rather its
earth, by aerated magnesia and heat,
as m No. 22, which w1l precipitate
also the argil from the muriated
argil 5 separate these, and find the
quantity of lime, and from this de-
duce the quantity of selenite by the
rules already seen.

126.  Then decompose the newly-formed
and original Epsom by muriated ba-
rytes; this will discover the weight
of vitriolic acid contained both in the
selenite and in the Epsom, from which,
substra;:ting that contained in the
selenite, we have that belonging to
the Epsom, from which the quantity

. of Epsom is to be inferred.

127.  Then precipitate from the second
portion of water the Epsom, muri-
ated magnesia, and argil, by common
lime-water and heat, in close vessels;
treat the precipitate as in No. 109,
and from the argil deduce the weight
of muriated argil as there shewn, and
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quantity is, after sufficient evaporatior
to precipitate the sulphats by acetited
barytes, and the muriats by acetited
silver; thus all these salts are ren-
dered soluble in spirit of wine ,817,
(being converted into acetites) when
evaporated to dryness; then re-dis-
solving the residuum in 'water, the
nitre may be obtained single and
crystallized. ' Its quantity being thus
found, another portion of ithe; water
should be examined asif +it did
not exist in it. If it be found with
soda, as 1t 13 said to have been,
this should first be saturated with
vitriolic, or some other mineral acid
whose power of saturation i1s known,
and then the process to be continued
as above. i

2. If it be accompanied with com-
mon salt, nitrated Lime, and muriated
Lime, as it generally is, or with mu-
riated Magnesia, the best method of
separation is to take up the earthy
nitrats and muriats by spirit of wine

,817; these being separated, re-dis-

solve the dry residuum in water, and

— e







258 ON THE ANALYSIS

trated lime by tartarin, or by wvi-
triolated tartarin ; thus nitre and sele-
nite are both obtained, and 100 grains
of nitre duly desiccated contain 44 of
nitrous acid. |

OF THE DEPURATION AND AUGMENTA-
TION OF COMMON SALT, CONTAINED
IN BRINE WATERS.

This object being nearly connected with |

that of the present treatise, and of import-
ance to manufactures of salt, I shall here
give the ingenious method lately proposed
by Mr. Gren, in the fourth volume of his
Journal ; an abridgment of it has also been
published by Mr. Nicholson, in the second
volume of his Journal, taken from an ob-
scure account in the Annales de Chymie.

Mr. Gren’s method is founded on the fol-
lowing experiments:

1. If 60 grains of slacked lime be dis-
solved in as much muriatic acid as 1s requisite
to saturation, and 120 of desiccated Glauber
in a sufficiency of water, and both solutions
mixed and agitated, these salts will decom-
pose each other, and selenite dnd common

B e e s
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Hence improvements may be made in the
. five following cases:

1. If the brine contains common Salt and
- muriated Lime only, in such case the addition
‘of Glauber is necessary, as more common
salt 1s produced and also selenite, which
being scarcely soluble, scarce any remains
in the solution, but is deposited and forms
what is called schlotz.

2. If the brine contain besides commion
Salt, also Glauber and muriated Magnesia,
in such case, lime only need be added, as
muriated lime will be formed, which is
decomposed by the Glauber, and thus
selenite and pure magnesia precipitated.
Yet I am of opinion that Glauber and
muriated magnesia cannot stand together
in the same water unless in inconsiderable
proportions. See the direct experiments of
Cornnette, Mem. Par. 1778, p. 338. And
in such proportions even muriated lime and
Glauber may co-exist, as I have already
shewn; and see Mem. Par. 1778, p. 342.
However, if the muriated magnesia be in
considerable proportion, and that of Glauber
inconsiderable, the addition of lime 1is
useful,
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proportions of the salt and water to each
other, on which the spirit of wine can
€xert its precipitating power, as the water
may certainly be in so large a proportion
with respect either to the selenite or Glauber
as to elude the power of spirit of wine,
added in the quantities here mentioned,
and the common salt may still more
easily be retained. zdly, the degree of
rectification of the spirit of wine is not
ascertained.

To obtain therefore a more precise know-
ledge of each of these particulars, I made
solutions of one grain of the following
salts 1n distinct portions of water, taking
of each salt one grain, and of water 1000
grains, in each proportion. Of some salts
- I found it necessary to take solutions of
one grain in 500 of water, and in some '
cases two grains in 500. The salts were
vitriolated tartarin, Glauber, Epsom, sele-
nite, alum, sylvian, common salt, nitre and
~muriated argil. The Glauber, Epsom,
alum and nitre were desiccated.

To precipitate the salts from these :
solutions I employed spirit of wine, of :
different degrees of rectification, their
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Moreover, to find the correspondence be-
tween the weight of Glauber precipitated
by spirit of wine, and that which was con-
tained in the solution, to 5o grains of a
solution of Glauber, which contained g,223
grains of Glauber. 1 added 2,5 times its
bulk of spirit of wine 0,817 the precipitate,
which immediately was formed, consisted
of 7,13 grains, and in time, the remainder
would undoubtedly be separated.

Hence we see, 1st, that selenite may be
compleatly precipitated from water, that
contains 1t i the proportion of ++4-, ot even
less, by any spirit of wine, whose specific
gravity is below o,850. And so may the
alkaline sulphats, but slowly, by spirit of
wine ,817. And thus these salts may be
estimated and separated from each other
without evaporation.

2. That the a/kaline sulphats must be mn a
| greater proportion than i+ to be precipitated

T '.;-l__n_n-_-_l"'_',‘:‘.__u. -

by spirit of wine, whose specific gravity is
0,834 or above it,

3. That a/um must be in greater propor-
tion than % to be precipitatml by spirit of =
wine 0,334, unless triple the volume of the
solution, and also heat be applied.
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