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XXXIIL. Some experiments and researches on the saline contents
of sea-water, undertaken with a view to correct and improve its
chemical analysis. By ALEXANDER Marcer, M. D. F.R. S.
Honorary Professor of Chemistry at Geneva.

Read June 2%, 1823.

Ix a paper on the temperature and saltness of various seas,
which the Royal Society did me the honour to publish in their
Transactions for the year 1819, I threw out a conjecture,
that the sea might contain minute quantities of every sub-
stance in nature, which is soluble in water. For the ocean
having communication with every part of the earth through
the rivers, all of which ultimately pour their waters into it;
and soluble substances, even such as are theoretically incom-
patible with each other, being almost in every instance
capable of co-existing in solution, provided the quantities be
very minute, I could see no reason why the ocean should not
‘be a general receptacle of all bodies which can be held in
solution. And although it will appear from the following
account, that I have been unsuccessful in some of my attempts
to prove the truth of this conjecture, it may fairly be ascribed
either to a want of sufficient accuracy in our present methods
of chemical analysis, or of the requisite degree of skill in the
operator.

Some time after the communication to which I have just
referred, an extraordinary statement was pointed out to me,
upon the authority of ROUELLE, a French chemist of the last

century, from which it appeared that mercury was contained
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in sea salt:* and I saw soon after in the ¢ Annales du Musée,’
Vol. VII a paper by the celebrated chemist Proust, who, in
a great measure, confirmed that statement, by announcing
that he had found traces of mercury in all the specimens of
marine acid which he had examined.

Improbable as the fact appeared, I thought it worth while
to repeat the experiment, and to take that opportunity of
making some collateral researches upon other substances,
much more likely than mercury to be discovered in sea
water. ‘

For this purpose I availed myself of the kindness of my
friend Mr. Joun Barry,} who happened to be in the vicinity
of Portsmouth, to supply me with specimens of sea-water,
carefully concentrated upon the spot, in vessels of Wedgwood
ware, and with scrupulous attention to cleanliness in the pro-
cess. Accordingly he was so obliging, as not only to send
me a quantity of brine evaporated under his own eye, in the
manner just mentioned, but he also collected for me a valu-
able series of specimens from the salt works near Portsmouth,
from all the stages of the process, so as to afford me an
opportunity of investigating with accuracy, all the chemical
circumstances of this interesting branch of national ceconomy.
Finding myself, however, much pressed by time at this late
period of the session, I shall, after briefly adverting to
RouELLE’s supposed discovery, confine myself in this com-
munication to a few observations which I have made on sea-
water itself; keeping out of view, for the present, the topic

*# See < Journal de Médecine,” Vol. xlviii. 1777, page 322.
4+ Mr. Jorx BARRY, of Plough Court, inventor of a new and valuable process

for preparing extracts in vacuo, &c.
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of salt-making, which, however, I intend to resume at some
future, period, in a more complete and satisfactory manner.

Iﬁrsl; attempted to detect mercury in a specimen of bay-salt,
such asis-obtained in the salt-works near Portsmouth, by spon-
taneous evaporation. This variety of salt forms large crys-
tvalé' but is always more or less contaminated by earthy mat-
tery W thh gives it a dirty appearance. It has, probably, a
tgegl{el;_r;e},ﬁresvemblance to the French Se/ de Gabelle, which is
more..impure still, though, I believe, obtained in a similar
manner. ¥
~Eight ounces of this salt were put into a coated retort con-
nected with a receiver, and about four ounces of nitrous acid
were poured upon it. A pretty brisk action took place, which
was farther increased by the application of heat; fumes of
chlorme were immediately disengaged, and a reddlsh fluid
condensed in the receiver; the heat was continued, and gra-
vdually raised in a charcoal fire till no acid or moisture any
longer. came over; at which time a new emission of red
fumes indicated that the nitrate formed in the retort was
beginning to part with its acid : minute drops of fused salt
soon . bedewed the upper part and neck of the retort, so as to
be mistaken, at first, for a sublimate. This, however, proved
to be almost solely muriate of soda; and on careful exami-
nation, it did not appear to contain the smallest atom of
corrosive sublimate,

I next dissolved five or six pounds of bay-salt in Water,
dnd collected in a filter the insoluble earthy sediment,

# The name of bay-salt is often applied to foreign, as well as British salt, and in

general it simply denotes that the salt has been obtained by spontaneous evapo-
ration.
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which RouELLE stated that the quick-silver was usually found.
This sediment being carefully dried, and heated to redness in
a coated retort, a white sublimate arose, and condensed on
the neck of the retort ; but this sublimate proved to be mu-
riate of ammonia, and did not contain the smallest portion of
corrosive sublimate or other mercurial salt. This sal-am-
moniac, though evidently formed during the distillation from
the vegetable and animal matter contained in the sediment,
suggested to me the idea of looking for ammonia amongst
the contents of sea-water.

I now submitted some Se/ de Gabelle, which I had procured
from Calais for the purpose, to similar experiments, and the
sediment, also, was carefully examined. The result was
essentially the same as with the bay-salt. After adding nitric
acid to the salt, the heat was gradually pushed to redness;
and when all the moisture was evaporated, a white sublimate
appeared, as in the former case, which, in this instance, proved
to consist almost entirely of nitrate of soda ; but always with-
out the least particle of mercurial salt, and without any mu-
riate of ammonia.* | ’ |

I therefore think myself justified in concluding that the
mercury, which other chemists have detected in sea-salt or
its products, must have been introduced there from some local
or accidental circumstances.

In experiments upon sea-salt, or in general upon the saline
contents of the sea, it is obvious that, in order to exclude
sources of error, it is necessary to operate upon pure sea-

- #* In the former experiment the sublimate was principally muriate of soda, owing,
no doubt, to the decomposition having been less complete, and the operation less
gradually conducted than in the latter experiment.



452 Dr. MARCET’s experiments and researches

water, and not upon salts obtained from it by the usual pro-
cesses in the large way, these being always more or less
contaminated by the clay pits in which the evaporation is
carried on, by the metallic boilers, or other adventitious causes.
I therefore now turned my attention to the sea-water itself,
and in particular the perfectly pure and transparent specimen
of concentrated brine from the Channel, which I have above
mentioned. Mr. Barry procured this water near Bembridge
floating light, about two miles N. E. of the eastern extremity
of the Isle of Wight, and the evaporation which. it had un-
dergone at Portsmouth, had only separated from it a quantity
of calcareous matter, principally selenite.* ; '

A few pounds of this water were evaporated nearly to dry-
ness, at a gentle heat, so as to reduce the mother liquor to the
smallest possible quantity. This liquor was suffered to drain
off, and reserved for experiments, as it is in this fluid that
any new ingredients are most likely to be detected.

. I had suspected that some nitric salt might be found in sea-
water, but in this I was disappointed. The discrimination by
the shape of the crystals being in this instance scarcely prac-
ticable, the mode which I employed for detecting it, consisted
in concentrating the bittern in a glass tube or retort, till it
began to deposit solid matter, then adding sulphuric acid and
gold-leaf, and boiling the mixture ; the gold-leaf was not in

* The water, immediately on being raised from the sea, had been allowed to stand
a sufficient time to deposit the earthy particles suspended in it, by which means it
had become beautifully transparent. 100 pounds of the water produced only 3
grains of earthy sediment, in which I could discover nothing but carbonate of lime
and oxide of iron. It is in this sediment, according to RovELLE, that mercury is to
be found. I need hardly say that I could not detect in it the least particle of that
metal.
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the least acted upon, nor was any smell of nitric acid per-
ceived ; but on adding the smallest quantity of nitre to the
same mixture, the gold was dissolved, and the smell of aqua
regia was instantly perceived.*

A portion of the said bittern was next examined by ap-
propriate re-agents, with a view to detect any minute quantity
of earths or metals, especially alumina, silica, iron and copper,
which former inquirers might have overlooked ; butI could
find no other earth except magnesia: and to my surprise, I
did not find in the bittern the least particle of lime; which
proves that sea-water contains no muriate of lime, as had
been generally supposed. I was equally unsuccessful in ‘myl_}
attempts to detect iron or copper, by the most delicate tests.

In fact, neither alkalies, nor alkaline carbonates, precipitated
any other substance from the bittern of sea-water, except
magnesia.

The deposit obtained at Portsmouth during the early
period of the concentration of the water, being analyzed I
found it to consist of selenite, mixed with a little muriate of
soda, and a portion of carbonate of lime. The presence _oyf _ "
this last subtance in sea-water, in a state of perfect solutioﬁ
being, I believe, a new fact, I neglected no means of establxsh—
ing it with certainty, an object which was accomphshed with-
out difficulty.+ '

Carbonate of magnesia having been supposed by some

# For this easy and elegant process for detecting nitric acid, a point attended
with difficulty, I am indebted to Dr. WoLLasTON.

+ The deposit was treated with acetic acid, which occasioned an effervescence.
The clear liquor being then decanted off, and evaporated to dryness, and alcohol
added, acetate of lime was found in the filtered alcoholic liquor.
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chemists to exist in sea-water, I looked for it in the same
deposit; but I could not detect the least portion of it by the
most delicate tests.* |

I next turned my attention to the alkaline salts of sea-
water; and here I was more fortunate; as I succeeded in
ascertaining beyond a doubt, that sea-water contains am-
monia, as it yielded sal ammoniac by evaporation and sub-
limation. This result was easily obtained. Some of the
bittern being evaporated to dryness in a retort, and a low
red heat applied, a white sublimate appeared in the neck of
the retort, which proved to be muriate of ammonia. .The
mode in which this substance was identified was as follows :

1. The sublimate was re-dissolved in water, re-evaporated
to dryness, and again sublimed by the heat of a spirit lamp.

2. This new sublimate being again dissolved, and solution
of magnesia and phosphoric acid added, a triple phosphate
was formed.

8. On adding caustic potash to the solution, and bringing
the mouth of a phial containing muriatic acid close to the
vessel, abundant white fumes appeared.

4. The sublimate gave precipitates both with muriate of:
platma and nitrate of silver.|

Sulphate of soda having been mentioned by many che-
mists, as one of the constituents of sea-water, I endeavoured
to ascertain, whether or not it existed in it. But all attempts

* Namely, solution of the mass in dilute muriatic acid; precipitation of the
lime, and addition of phosphate of ammonia to the filtered liquor.

+ As it did not enter into my plan, on this occasion, to turn my attention to the
estimation of proportions or precise quantities, I have not attempted to estimate
exactly the proportion which ammonia bears to the other ingredients of sea-water ;

but as its presence can easily be shown in 100 grains of the bitter salts, its quantity
cannot be extremely minute.
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to detect this salt in the bittern by crystallization were fruite
less, though great pains were taken for that purpose; and I
feel the more confident that there is no sulphate of soda in
sea-water, as the presence of this salt, in any but the most
minute quantities, would be quite incompatible with our know-
ledge of chemical affinities. For since there are, co-existing
in sea-water, muriate of soda and sulphate of magnesia, it is
evident that sulphate of soda would decompose muriate of
magnesia, which saltis known to be in sea-water. And again
we know, that sea~-water contains sulphate of lime and muriate
of soda ; therefore it cannot contain sulphate of soda ; for in
that case we should have muriate of lime, which I have shown
to be contrary to fact.

The last circumstance which I shall at present notice, re-
lates to the state in which potash exists in sea-water.* Potash
is found, by its appropriate re-agents, principally in the bittern ;
but it is found also among the salts which are separated from
it, especially in the latter period of crystallization. By farther
‘and repeated evaporation of the bittern, and successive separa-
tion of the mother water remaining after the removal of the
crystals formed, various distinct crystals were obtained pos-
sessing their characteristic form, namely, prismatic sulphate
of magnesia, cubic and star-shaped muriate of soda, and
rhombic crystals, quite different from either of the other salts.
These crystals, which were evidently portions of an oblique
rhombic prism, being carefully separated and washed with
water and alcohol, proved to be a triple salt of sulphate of

* Tt will be recollected, that the presence of potash in sea.water, though an-
nounced by myself in the paper on sea-water to which I have before alluded, was
Dr. Worrastox’s discovery. I have likewise to mention, that the above experi-
ments respecting the state in which it exists, were either made by him or at his

suggestion.
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potash and magnesia ; a salt so easily analyzed, that it would
be quite superfluous to relate the particulars of the process.
- It now remained to be ascertained, whether potash might
not also exist in sea-water in the state of muriate of potash,
or of triple muriate of potash and magnesia. That a con-
siderable quantity of potash remains in the bittern, even
after the separation of the triple sulphate, is easily ascer-
tained ; and by careful evaporation it may be made to crys-
tallize as a triple salt in rhombic crystals; but the consti-
tution of this salt is so delicate, that it is liable to be sepa-
rated into muriate of potash and muriate of magnesia by
water alone ; and it is with certainty decomposed by alcohol,
which takes up the magnesian muriate, and leaves the other
undissolved.

From the foregoing observations and experiments it may,
therefore, be inferred,

ist. That there is no mercury, or mercurial salt, in the
waters of the ocean. v

edly. That sea-water contains no nitrates.

gdly. That it contains sal ammoniac,

4thly. That it holds carbonate of lime in solution.

5thly. That it contains no muriate of lime.

6thly. That it contains a triple sulphate of magnesia and
potash.

Some of these circumstances will, of course, require that
former analyses of sea-water, and my own in particular,
should be corrected and revised ; but this I shall not attempt

to do, until I have obtained farther, and still more  precise
information on the subject.

Harley Street, 20 June, 1822,



