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OR TESTS. 574

more certain and advantageous, therefore
supposes, that we do not precisely fix cer-
tain specific tests only for certain specific
substances, under all circumstances, and that
we take the facts we are in search of from
the united effects produced by the summary
action of several tests, applied under dif-
ferent circumstances, as will be pointed out
in the sequel. It is evident, therefore, that
certain bodies have the property of indica-
ting and separating other bedies from com-
pounds.: of .which they form a part. Hence
the great-object in all analytical enquiries is,
to find a body x capable of separating a body
a from another body 4. He who is able to
solve this problem in the greatest variety of
circumstances,. is the best analytical chemist.

The -application -and importance of the
substances made use of as Re-agents, was
first pointed out by the illustrious Boyle.
It had long before been known indeed, that
the blue colour of the violet flower was red-
dened by sulphuric acid, or by lemon juice and
vinegar ; but this philosopher proved, that
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OR TESTS. 101

commended as a test for lime, when it exists
in combination with certain bases, but it is
of little value for that purpoese, because the
sulphate of lime which it producesgbeing so-
luble in 500 parts of water, aug-&nuﬂh more
so, when there is an excess of acid. When
employed for that purpnsg,'tﬁe solution, when
highly concentrated, is*”’iiﬁ'ered to cool; the
sulphate of lime Qhen separates in lnng;e,
transparent chlﬁt;ﬂs which 1§wy%ﬁ?ﬁfmnn
form for it Iﬁﬂcur ig@kctnical analyses. It
is then distifiguished by its want of taste, its
difficult solubility when removed into pure
water, and by its affording a precipitate with
oxalic and barytie salts.. When a liquor con-
taining selenite is rapidly evaporated, this
salt separates as a brittle shining laminz.

EXPERIMENT XXXII.

- To half a wine-glass full of distilled water.

add about twenty or thirty drops of sulphurie

acid, and stir the fluid with a glass rod : the
E 3


















OR TESTS. 107

repeatedly with gum or mucilage, gluten,
jelly, extract, gum-resin, or any other of the
immediate vegetable products, it converts
them into oxalic acid ; whereas true resin
suffers no such change ; and even after long
digestion, this substance becomes only con-
verted by means of nitric acid, into a pale,
porous, orange-coloured mass. And if nitric
acid be repeatedly abstracted from it, the
result is not oxalic acid, but a deep orange-
coloured substance, which is soluble in
water, and in alcohol; and although the re-
sinous properties be lost, no vestige of oxalic
acid can be discovered in the solution. Ni-
tric acid is also used to detect starch in
vegetable substances. The substance is to
be digested for some days in dilute nitric
acid, and the solution mingled with alcohol ;
which throws down the starch from its so-
lution in this acid.---Ann. de Chim. [, v. 28.

And in the analysis of organic substances
in general, nitric acid serves the purpose of a
test for detecting the presence of azote or
nitrogen, and thus it enables us to establish
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110 CHEMICAL RE-AGENTS

there are no traces of nitric acid, and which
is therefore nearly a pure oxide.

‘When this has been effected, pour a small
quantity of distilled water upon the mass,
stir the mixture together, and suffer it to
stand undisturbed (or filtre it) till the super-
natant fluid is become clear. Decant the
clear fluid, and add to it liquid ammonia
in excess : if the tin contained copper, the
fluid will now assume a blue colour. To
assay it for lead, add to another portion of
the clear fluid a few grains of sulphate of
soda, dissolved in water, which will occasion
a white precipitate if lead be present (sul-
phate of lead), which is highly insoluble in
water, and therefore falls to the bottom.,

EXPERIMENT XXXIX.

To distinguish iron from steel by means of
this test, let the acid be diluted with so
much water, that it will only feebly act
upon the blade of a common table knife, If










































124 CHEMICAL RE-AGENTS

yellow precipitate; but if it contains iri-
dium, the precipitate slightly verges to the
orange. The precipitate is a triple com-
pound, consisting of oxide of platina, am-
monia, and muriatic acid. And by this
character platina is distinguished from all
other metals, and may be separated when
combined with them. The precipitate, or -
triple salt, obtained by muriate of ammo-
nia, when exposed to a strong red heat,
furnishes a grey spongy mass, which is
metallic platina.

This test therefore furnishes a ready ex-
pedient for detecting the adulteration of
gold with platina, which would elude the
hydrostatic trial. The gold may be pre-
cipitated by a solution of green sulphate of
iron (see sulphate of iron), and the platina,
by muriate of ammonia.

When. this test is added to a solution of
the ore of platina, nitro-mariatic acid, the
precipitate afforded by #he first addition of
muriate of ammonia is of a buff colour;
and if the fluid above it, which is still of a
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reddish brown colour, be poured off, and
muriate of ammonia again be added to it,
a precipitate is thrown down of a bright
orange colour; but no clear yellow pre-
cipitate can be obtained from the solution.
The orange colour of the precipitate, as
stated already, is owing to the presence of
the metal called iridium, which is associ-
ated with the ore of platina; a clear yellow
colour of the precipitate is therefore a cri-
terion of the purity of platina. The yellow
precipitate forms an useful pigment for the
painter, a very bright and permanent colour.

Muriate of ammonia is also used as a test
to detect alcalies, and alcaline earths, all of
which decompose this salt, and render ob-
vious its ammonia. For this purpose the
salt must be in a dry state, or nearly so, and
a moderate heat may be employed to dis-
engage the ammonia. But as many metals,
and metallic oxides, are also capable of de-
composing muriate of ammonia in the dry
way, some collateral proofs must be em-
ployed to render the presence of the alcali,
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128 CHEMICAL RE-AGENTS

alcaline earths. 'The fixed alcalies, when
caustic, produce with it a yellow; and
carbonated alcalies, an orange coloured
precipitate ; lime water produces with it
also an orange yellow precipitate. But this
salt is seldom used, for we have better tests
to discover alcalies. Its action as a Re-
agent in the analysis of animal substances
is of greater value; for by means of it we
are enabled to detect minute quantities of
albumen, a substance which largely enters
into the composition of many animal products.
It produces with albumen a white flocculent
precipitate. It does not however separate
the whole of the albumen, unless heat be
employed to assist the coagulation. And
hence Dr. Bostock has proposed the fol-
lowing ingenious method of estimating the
quantity of albumen contained in an animal
fluid, viz:—Add to the fluid a quantity of
oxy-muriate of mercury, more than suffi-
cient to saturate the albumen, and then heat
the mixture. By this double action a coa-
gulum is formed; which may be separated
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by the filtre. The precipitate is a com-
pound of the metallic salt with albumen, in
the proportion of about one of the former to
three or four of the latter. From the quan-
tity of corrosive sublimate, therefore, re-
quired to decompose entirely a solution of
albumen, we may infer the quantity of the
latter ; for three grains of the metallic salt
being entirely- decomposed, indicate 10}
grains of- albumen:-

There are other tests for detecting albu-
men ; for instance ‘sub-acetate of lead, and
nitrate of silver; but the sub-acetate of lead
(Goulard’s extract), and nitrate of silver,
act also on other varieties of animal matter;
but muriate of mercury does not. Corrosive
sublimate, likewise, may be made a test for
detecting salts with a base of ammonia, when
applied in the manner to be stated presently.

EXPERIMENT LI.

Dissolve one or two grains of sub-carbo-
nate of potash in half a test tube full of
F O






























OR TESTS. 139

The delicacy of this test is astonishingly
great : one grain of common salt, dissolved
in 42,250 grains of water, that is, rather
more than five pounds of water, is rendered:
obvious by it, white clouds being produced
in the fluid ; and. this quantity of water, it
may be proved, does not contain more than
s part of its weight of real mariatic
acid.

In applying this test, certain precautions
are necessary, becanse it is also acted on by
alcaline and earthy carbonates, and by sul-
phuric acid and its combinations. This
may be guarded against by first removing
the sulphuric acid by nitrate of barytes;
and the action of the carbonates may be
prevented, by supersaturating them pre-
juiauély with pure nitric acid. The preci-
pitate produced by carbonated alcalies (car~
bonate of silver) is soluble in dilute nitric
acid with effervescence ; the precipitate pro-
duced by muriatic acid is not, With the
assistance of an alcali, nitrate of silver be-.
comes likewise an excellent test for detecting
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EXPERIMENT LXV.

Mix one part of dry muriate of silver with
three of sub-carbonate of soda, or potash of
commerce, freed from water by heat; put
the mixture into the bowl of a tobacco pipe,
and make it red hot in a common coal fire.
‘When the mass has been in perfect fusion
for about ten minutes, suffer it to become
cold. On breaking the pipe, a brilliant
button of pure silver will be found at the
bottom of the vessel.

Nitrate of silver is used as a test by the
refiners for examining and purifying their
‘aqua-fortis, or nitrous acid. They let fall
into the acid of commerce a few drops of a
solution of nitrate of silver. If the acid
remains clear, it is fit for their use; other-
wise, they add a small quantity more of the
solution, which immediately turns the whole
of a milky white colour; the mixture being
then suffered to rest for some time, deposits
a white sediment (muriate of silver), from
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EXPERIMENT LXVIII.

When the quantity of muriatic acid in a
fluid is extremely small indeed, no actual
precipitate can be collected ; but the solution
which was limpid before mixture, becomes
more or less opalescent afterwards, as may be
shewn by dropping nitrate of silver into a de-
canter full of common spring or river water,
which will almost immediately become more
or less clouded or milky, according to the
quantity of muriatic acid which it contains,
in some combination or other; but no preci-
pitate can be collected. In the analysis
of mineral waters, this test saves much
trouble to the operator. If the water, for
example, contain only muriate of potash
and of soda, all other ingredients having
been previously separated, we have only
to decompose them by nitrate of silver,
and to dry the precipitate; for 217.65 of
muriate of silver indicate 100 of muriate
of potash, and 235 of muriate of silver
indicate 100 of common salt.
















































160 CHEMICAL RE-AGENTS

ash ; and if it effloresces and remains dry
on exposure- to the air, there is then reason
to believe it to be soda; or, for example,
when nitrate of potash accompanies sul-
phates and muriates without any other ni-
{rate, the sulphates being decomposed by
acetate of barytes, and the muriates by
acetate of silver. The fluid, after filtration,
may be evaporated to dryness, and the re-
sidium treated with alcohol, which dis-
solves the acetates and leaves the nitrate ;
the quantity of which may be easily es-
timated. If an alcali be present, it ought,
of course, to be previously saturated with
an-acid. Acetate of silver is decomposed
by exposure to light. The bottle contain-
ing a solution- of it becomes covered
within with a metallic coat of silver, and
a black powder separates. It therefore

must be kept in opake bottles, or in.the
dark,
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when the bottle containing it, is frequently
opened. It may be readily prepared for
imm ediate use in the following manner.

Take two ounces of fresh burnt quick-
lime, put it info a stone-ware vessel, and
gradually sprinkle on it so much distilled
or rain water as is sufficient to slake the
lime, and keep the vessel covered whilst the
lime slakes and falls into powder. This
being done, pour on it a pint of distilled or
rain water, and mix the lime thoroughly
with the water by stirring. After the lime
has subsided, repeat the stirring and agi-
tation for several times successively during
the space of twenty-four hours, and then
preserve the liquor, upon a part of the lime
left undissolved, in a well-corked bottle, and
filtre or decant off the lime water when
wanted for use,

The proportion of water above stated to
be used, is scarcely sufficient to dissolve one-
tenth part of the lime; but lime being of
little value, and seldom thoroughly good, a
little waste of this material is of no import-
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vious admixture of nitric acid. Super--
acetate of lead (or more properly acetate of
lead) may also be employed as a test for
phosphoric acid, with which it produces a
white precipitate; even a solution of phos-
phate of lime is completely decomposed. by
this salt, all the phosphoric acid is separated,
and, by douhle decomposition, a precipitate
of phosphate of lead is produced, which is
readily known by the following characters.
When heated by the blowpipe on a piece of
charcoal, it melts easily into a pearl-white
globule, which immediately on discontinuing
the flame cools into a button of apoelyhedral
form; and if the flame be continued, the phos-
phoric acid is gradually decomposed, and
burns off with a luminous vapour, smelling

 of phosphorus; and at last a globule of pure

lead is left. 'The precipitate or phosphate
of lead, when dried at a.low red heat, con-
tains 22.5 per cent. of phosphoric acid. If
sulphuric acid, in any combination, should
happen to be present in the solution of phos--
phate of lime, it will also he decomposed by.





















188 CHEMICAL RE-AGENTS

and drep into the seolution a little super-
.acetate of lead: a white precipitate will
take place, which is phosphate of lead.—
This precipitate disappears again by the
admixture of nitric acid.

EXPERIMENT CI.

Affuse upon pulverised phosphate of lime,
eommonly called bone ash (bone bwrnt fo
whiteness), sulphuric acid : a partial decom-
position will take place, because bone, which
i1s phosphate of lime, gives up part of its
lime to the sulphuric acid, and an acidulous

phosphate of lime is produced. If into this

Huid, when diluted with water, a few drops
of super-acetate of lead be suffered to fall,
a white precipitate takes place, which con-
sists of all the phosphoric acid united to

oxide of lead. The sulphuric acid also falls

down, in combination with another portion
of the oxide of lead, and forms sulphate of
lead.. These two precipitates may be

"
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192 CHEMICAL RE-AGENTS

wine. Shake the mixture for a few minutes,
pour the whole upon a filtre, and collect
the filtred fluid. It contains the brandy or
spirit, and water of the wine, together with
a portion of the sub-acetate of lead, pro-
vided the latter has not been added in ex-
cess; in which case a part (of course)
remains undecomposed. Add, in small
quantities at a time, to this fluid, warm, dry
and pure sub-carbonate of potash (‘net
salt of tartar, or sub-carbonate of potash of
commerce ), which has previously been freed
from water by heat, till the last portion
added remains undissolved. The brandy
or spirit contained in the fluid, will thus
become separated; for the sub-carbonate
of potash abstracts from it the whole of
the water with which it was combined ; the
brandy or spirit-of wine forming a distinct
~ stratum, which floats upon the aqueous
solution of the alcaline salt. If the expe-
riment be made in a glass tube, from one
balf an inch to two inches in diameter,
and graduated into 100 equal parts, the

























































































































232 CHEMICAL RE-AGENTS

usual way, always abounds; and when all
the arsenic, capable of precipitation by.this
method, has fallen down, no. further. diges-
tion with zinc will produce the least effect.
The solution of oxide of nickel in ammonia,
is- decomposed, according to. Mr. Phillips,
by the addition of soda or potash; and he
has pointed -out this, as -affording a certain
and easy method of obtaining, what is
otherwise very difficult, nickel free from co-
balt; the oxide of the.latter, when dissolved
in ammonia, being very. slowly and spa-
ringly precipitated by potash; while that of
the former is precipitated immediately and

largely. He ascribes these:decompositions
" to the-two alcalies .combining, and thus
weakening the affinity of either to the
metallic - oxide.

Liquid ammonia proddces with zine a
white precipitate, which again becomes
dissolved by a more copious admixture of
the test. Liquid ammonia renders great
services to the practical analyst, by enabling
him to. discriminate, in many cases, saline


















238 CHEMICAL RE-AGENTS

EXPERIMENT CXXIX.

Write on paper with a solution of sul-
phate of copper: the characters or writing
will be of a green colour (or when the so-
lution is dilute, the letters will be invisible);
and if the paper be held over the surface of
liquid ammonia, contained in a glass or

saucer, the writing will assume a beautiful*

blue colour, which departs again on remo-
ving the paper near a fire, or by suffering
it to be exposed to the open air for some
time,

The presence of copper, when contained
in pickles, to which a beautiful green colour
has been given, according to the directions
of the most popular homicidial cookery
books, by boiling them with half-pence, or
allowing them to stand for twenty-four
hours in copper or brass pans (See English
Housekeeper, by L. Raffald, p. 352, 354 ),
may thus be detected.* 1t is only necessary

* A Treatise on the Adulterations of Food énd
Culinary Poisons, and the methods of detecting them.
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2062 CHEMICAL RE-AGENTS

dium) from all its solutions—the solation of
palladium should be neutral. The precipi-
tate, thus formed, has the property of deto-
nating, when heated. The noise is similar
to that occasioned by firing an equal quan-
tity of gunpowder, and, accordingly, the
explosion is attended with no marks of vie-
lence, unless occasioned by close confine-
ment. The heat, requisite for the purpose,
is barley sufficient to melt bismuth, and the
light produced is feeble, and can be seen
only in the absence of all other light. By
means of this re-agent, Dr. Wollaston has
pointed out a method of obtaining palla-
dium with facility, from the ore of platina.
The process is as follows : let any quantity
of platina of commerce be dissolved in a
sufficient quantity of nitro-muriatic acid,
and free the solution as much as possible of
its excess of acid (if it contains any) by
evaporation, or by the addition of an alcakh.
This being done, mingle the solution with
prussiate of mercury, until no farther
cloudiness ensues, taking care to leave the
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fixed oils to increase the quantity. It is
therefore of considerable importance, to be
able to detect such frauds, which may be
done in the following manner :—Mix a few
drops of oil of almonds, or olives, with any
essential oil, for instance with oil of laven-
der, and pour alcohol upon it; the oil of
lavender will dissolve in the spirit, and the
oil of almonds remain behind undissolved.
Decant the alcoholic solution from the oil
of almonds, and add distilled water to the
former ; the water will unite with the al-
cohol, and by this means the essential oil
of lavender will be separated. An:addi-
tienal examination may be the following :
Let a single drop of the oil which is sus-
pected fall en clear paper, and expose it to
a gentle heat. If the oil be pure, the whole
will become evaporated, and no trace or
spot remain on the paper; but if it has been
mixed with a fixed oil, a greasy spot will -
remain behind. When essential, or volatile
oils, are adulterated with aleohol, it is
easily detected by mixing a little of the oil
N 2
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canter, nearly filled with soft or rain water,
put % oz. of super-acetate of lead (sugar
~of lead of commerce), reduced to powder,
‘shake the mixture, and suffer it to stand
undisturbed for two or three days; then
decant the clear fluid from the insoluble re-
sidue (if any); reject the latter, and after
having rinced the decanter with water, re-
turn into it the clear solution. If now a
ball of zine¢ be suspended in the middle of
the fluid, by tying it te a thread affixed to
the stopper of the bottle, and the vessel be
then set in a place where it cannot be dis-
turbed, the zinc soon becomes covered with
a moss-like substance of metallic lead,
which increases gradually, and shoots out
brilliant erystalline plates of metallic lead,
which place themselves in a kind of sym-
metrical arrangement somewhat resembling
a tree, or shrub,

The zinc has a greater affinity than lead
for oxigen ; it deprives the oxide of lead of
it, which, being thus reduced to the metallic
state, can no longer remain in combination

N6
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as to resemble the Greek letter 11, so that
- the two legs of this figure be distant about
the diameter of a common gold wedding
ring from each other, and let the two ends
of the bent wire be afterwards tied to a
ring of this description; then take a plate
of glass, not less than three inches square,
lay it as nearly horizontal as possible, and
on one side drop some sulphuric acid, di-
luted with about six times its weight of
waler, till it spreads to the size of a half-
penny. At alittle distance from this, towards
the other side, drop some of the solution
supposed to contain corrosive sublimate, till
the edges of the two liquids join together,
and let the wire and ring, arranged as
above stated, be placed in such a way, that
the wire may touch the acid while the gold
ring is in contact with the suspected liquid.
If the minutest quantity of corrosive sub-
limate be present in the fluid, the ring in a
few minutes will then become covered with
~ metallic mercury on the part which touches
©  the liquid, In this manner the minutest
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metallic oxide, and which would prevent its
reduction to the metallic state, if not sepa-
rated ; whilst others, again, act merely me-
chanically. And further, many of the me-.
tals will retain their oxigen so forcibly, that
the application of heat is totally incapable
of expelling it, when the object is to obtain
the metal. The addition of inflammable
matter becomes, therefore, expedient to
carry off the oxigen in the form of gas.
The oxide to be reduced is, therefore,
mixed with a portion of inflammable matter,
and is then exposed to an intense heat;
and to obtain the reduced metal in a cohe-.
rent mass, and not in small grains, a sub-
stance must be also present which is ca-
pable of being readily melied, and of allow-
ing the metal to subside through it, so as
to cause the particles to conglomerate and
to form a collected button, instead of scat-
tered grains, which would otherwise hap-'
pen. And it would be extremely laborious
to collect together the minute particles, if
they were not thus enabled to descend, and





























































































MINERAL WATERS. 343

ration is easily effected. Nothing is easier,
for example, than to estimate the total
quantity of sulphuric acid by precipitation
by barytes (see page 271), or of lime by
precipitation by oxalate of ammonia (see
page 241). And this method has one pecu- -
liar advantage with regard to accuracy,
that if any error is committed in the esti-
mation of any of the principles, it is disco-
vered in the subsequent step of inferring
the binary. combinations, since, if all the
elements do not bear that due proportion
“to each other which is necessary to produce
the state of neutralization, the excess of defi-
ciency becomes apparent, and of course the
error is detected. The indirect method,
then, has every advantage over the other,
both in accuracy and facility of execution.

Another advantiage is derived from these
views, if they are just, that of precluding
ihe discussion of questions which otherwise
fall to be considered, and which must often
be of difficult determination, if they are
even capable of being determined. From
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part, at least, are products of the operation,
liable, therefore, to be obtained or not, or
to be obtained in different proportions, ac-
cording to the method employed. And all
that can be done with precision is to esti--
mate the elements, and then to exhibit their
binary combinations, according to whatever
may be the most probable view of the real
composition.

Mineral waters have been arranged under
the four classes of carbonated, sulphureous,
chalybeate, and saline. But all of them
are either saline, or may be reduced under
this division. From waters of the first
class, the carbonic acid which is in excess
is expelled by heat, and its quantity is esti-
mated, Sulpharetted hydrogen is in like
manner expelled or decomposed ; and iron
may be detected by its particular tests (see
pages 216, 279), and removed by appropriate
methods. 1In all these cases the water re-
mains, with any saline impregnation which
it has, and of course is essentially the same
in the subsequent steps of its analysis as a

PO
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water purely saline; the precaution only
being observed of these principles being
removed, and of no new ingredient being
introduced, by the methods employed.

The salts usually contained in mineral
waters are carbonates, sulphates, and mu-
riates, of lime, of magnesia, and of soda.
In proceeding to the analysis, a general
knowledge is of course first to be gained
of the probable composition by the appli-
cation of the usual tests; the presence of
sulphuric and carbonic acids being detected
by barytes (see pages 49,76,271); of muriatic
acid by nitrate of silver (see pages 138, 159,
161); of lime by oxalic acid (see page 112);
of magnesia by ammonia (see page 233);
and of any alcaline neutral salt by evapo-
ration. It will also be of advantage to ob-
tain the products of evaporation, and ascer-
tain their quantities, without any minute
attention to precision, the object being
merely, by these previous steps to facilitate
the more accurate analysis.

Supposing this to be done, and supposing
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348 ANALYSIS OF

barytes, the weight of which, when it is
dried, gives the quantity of carbonic acid;
100 grains containing 22 of acid. If it do

not effervesce, it is sulphate of barytes, the

weight of which, in like manner, gives the
quantity of sulphuric acid; 100 grains,
dried at a low red heat, containing 34 of
acid. If it effervesce, and is partially dis-
solved, it consists both of carbonate and
sulphate. To ascertain the proportions of
these, let the precipitate be dried at a heat
a little inferior to redness, and weighed ;
then submit it to the action of dilute mu-
riatic acid; after this wash it with water,
and dry it by a similar heat, its weight
will give the quantity of sulphate, and
the loss of weight that of carbonate of
barytes.

By this operation the carbonic and sul-
phuric acids are entirely removed, and the
whole salts in the water are converted into
muriates. It remains, therefore, first to
discover and estimate the quantities of the
bases present, and then, to complete thﬂ_
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analysis, to find the quantity of muriatic
acid originally contained.

- Add to the clear liquor a saturated solu-
tion of oxalate of ammonia (see page 241),
as long as any turbid appearance is pro-
duced. The lime will be thrown down in
the state of oxalate. The precipitate being
washed, may be dried ; but as it cannot be
exposed to a red heat without decomposi-
tion, it can scarcely be brought to any uni-
form state of dryness with sufficient accu-
racy to admit of the quantity of lime being
estimated from its weight. It is, therefore,
to be calcined with alow red heat, by which
it is converted into carbonate of lime, 100
grains of which are equivalent to 56 of lime.
But as a portion of carbonic acid may be
expelled if the heat is raised too high, or
a little water retained if it is not high
enough, it is proper to convert it into sul-
phate, by adding sulphuric acid to a slight
excess, and then exposing to a full red heat.
‘The dry sulphate of lime will remain, 100









392 ANALYSIS OF

The decomposition of the magnesian salt
by ammonia would have the former advan-
tage, as the muriate of ammonia would be
expelled at the end of the process by heat;
but this decomposition, it is well known, is
only partial. Sub-carbonate of ammonia
causes a. more abundant precipitation of
magnesia, but still its action is likewise
partial, a ternary soluble salt being formed
after a certain quantity has been added.
It seemed probable that this might be ob-
viated by adding the sub-carbonate of am-
monia as long as it occasioned any precipi-
tation, then evaporating the clear liquor to
dryness, expelling the muriate of ammonia,
and any excess of ammonia, by heat, re-dis-
solving, and again adding the sub-carbonate
of ammonia to decompose the remaining
magnesian salt. Dr. Murray, proceeding
in this way, found that a copious precipita-
tion took place on the second addition, and
even at the fourth a small quantity of pre-
cipitate was thrown down. But the de-
composition, after all, was not perfect, for
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the quantity of magnesia obtained was not
equal to what was procured by other me-
thods.

Sub-carbonate of soda or potash has been
usually employed to precipitate magnesia
from its saline combinations. The precipi-
tation, however, is only partial, unless an
-excess of the precipitant be employed (and
even then, perhaps, is not altogether com-
plete) ; and as this excess cannot easily be
estimated, it introduces a source of error in
estimating the quantity of muriate of soda
at the end of the operation, against which
it s not easily to guard.

The method proposed by Dr. Wollaston,
of precipitating magnesia from its solution,
by first adding carbonate of ammonia, and
then phosphate of soda (see page 161), so as
to form the insoluble phosphate of ammonia
and magnesia, is one much more perfect;
the whole of the magnesia appears to be pre-
cipitated ; and as a method, therefore, of
determining the quantity of this base, it is,
probably, unexceptionable. It does not
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of muriate of soda, and this deducted from
the quantity obtained 25.7, leaves 19.3 as
the quantity originally dissolved.

- A solation perfectly the same was pre-«
pared, and a solution of carbonate of am-
monia was added to it as before. A strong so-
lution of phosphoric acid was then dropped
in, as long as any precipitation was pro-
duced, observing the precaution of having
always an exeess of ammoniacal carbonate
in the liquor. The precipitate, being washed
and dried, afforded, after exposure to a red
heat, 5.5 grains of phosphate of magnesia,
equivalent to 2.19 of magnesia. The clear
liquor being evaporated, and the dry matter
being exposed to a heat gradually raised
to redness, weighed, when cold, exactly 20
grains.
~ In both experiments the quantity of mu-
riate of soda is accurately obtained, or as
nearly so as can be expected. They cor~
respond, too, as nearly as can be looked
for, even in a repetition of the same expe-
riment, in the quantity of magnesia which
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phosphoric acid be added, the error it can
introduce must be extremely trivial; for
the effect of it will be only to decompose a
small portion of the original muriate of
soda; and as the difference is very inconsi-
derable in the proportion in which phos-
phoric and muriatic acids combine with
soda, any difference of weight which may

arise from this substitution, to any extent to
which it can be supposed to happen, may

be neglected as of no importance.

For the sake of comparison, and to as-
certain the accuracy of different methods,
Dr. Murray submitted a similar solution of
muriate of magnesia and muriate of sudu:”

to analysis by sub-carbonate of ammonia.
To the saline liquor, heated to 100°, a so-

lution, prepared by dissolving carbonate of
ammonia in water of pure ammonia, was
added until it was in excess. A precipitation
rather copious took place; the precipitate

being collected on a filter, the clear liquor
was evaporaled to dryness, and the saline
matter was exposed to heat, while any va-
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It may be supposed that the acids and
bases are in simultaneous combinations ;
or if they be in binary combinations, the
most probable conclusion with regard to
this is, that the combinations are those
which form the most soluble compounds;
their separation in less soluble compounds,
on evaporation, arising from the influence
of the force of cohesion. In either of these
cases the propriety of first stating, as the
results of analysis, the quantities. of aeids
and bases obtained, is obvious. On the one
supposition, that of their existing in simul-
taneous combination, it is all that is to be
done. On the other supposition, the state-
ment affords the grounds  on which the
proportions of the binary compounds are
inferred ; and there can be no impropriety
in adding the composition t:unfn'l’ﬁlably to
the products of evaporation. The results
of the analysis of a mineral water may
always be stated, then, in these three modes :
1. The quantities of the acids and bases.
2. The quantities of the hinary compounds,

































EARTHS AND STONES, 379

which it is fitted by grinding. This cy-
linder is about two inches high, and the dia-
meter within is about an inch. The third
piece is a solid steel cylinder of the same
length as the hollow cylinder, into which it
is fitted by grinding, and it has a bulb on
the top. 'The stone, previously broken into
small pieces, is reduced to a pretty fine
powder in this mortar. A little of it is put
into the hollow cylinder, the solid cylinder
is fitted in, and by a blow with a hammer it
is smartly struck against the bottom part.
By this blow the fragment is crushed, the
pieces of the mortar are now removed, and
the powder which lies on the bottom piece
is carefully poured into a glass capsule.
By proceeding in this way the stone is re-
duced to a coarse powder.,

- To convert this into an impalpable powder
an agate mortar is employed. Fig.7 ex-
hibits an outline of this mortar. @ is a
section of it, b a profile of il, and ¢ the
pestle, which is also of agate. They are
about three inches in diameter, and about
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being washed, dried, exposed to a red heat,
and weighed, will be red oxide of iron.
Nine-tenths of its weight are equivalent to
the black oxide of iron which existed in the
mineral. The magnesia may now be preci-
pitated by potash and weighed.

If besides these three ingredients oxide
of manganese be likewise present, the very
same method of proceeding will answer;
only, after having separated the iron by
means of benzoate of ammonia, we must
pour a little hydro-sulphuret of potash or am-
monia into the liquid which still contains the
magnesia and manganese. By this addition
the manganese will be precipitated. If it
be heated to redness for some time in an
open vessel, its weight will indicate peroxide
of manganese. To convert it into protoxide
of manganese we must multiply the weight
of peroxide by ° or 0.818.

The chromium, when present, is indicated
by protonitrate of mercury, forming a red
precipitate. When this metal is suspected

in the mineral subjected to analysis, from the
R 6
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~ After having thus obtained all the consti-
tuents of the mineral in a separate state, and
determined the weight of each, the next step
is to add all these weights together. If they
amount to the weight of the portion of mi-
neral analysed, we have reason to conclude
that the analysis has been rightly performed.
Baut if there be a deficiency, we have either
committed an error, or the mineral contains
some ingredient which we have overlooked.
As water occurs very frequently in mine-
rals, we must in the first place endeavour to
discover whether the deficiency be not owing
to a portion of that substance, which we
have not reckoned. For this purpose we
must take a determinate weight of the mi-
neral (fifty grains for example), and expose
it for an hour to a strong red heat in a pla-
tinum crucible. The heat will drive off the
water, if any be present, and the deficiency
of weight, after the mineral has been allowed
to cool, will indicate the quantity of water

‘which has been driven off.
- If the mineral contain no water, or if the
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tenéity till the nitrate of barytes has had
time to lose most of its acid. |

The fused mass is to be taken from the
fire, allowed to cool, softened with water,
and dissolved in muriatic acid, precisely in
the way described at the commencement of
this section.” Into the muriatic acid solution
a quantity of sulphuric acid is to be poured,
capable of decomposing all the muriates,
and converting them into sulphates. The
liquid becomes immediately milky in conse-
quence of the precipitation of the sulphate
of barytes. Separate the precipitate by
the filtre. Then pour an excess of carbonate
of ammonia into the liquid, and boil the
whole for some minutes. All the earths
and metallic oxides will be precipitated, and
nothing will remain in the solution but the
‘sulphate of ammonia, and the sulphate of
the alcali contained in the mineral, if any
such exist in it. Evaporate the liquid to
dryness, and expose the dry mass to a red
heat in a platinum crucible. 'The sulphate
of ammonia will be sublimed, and nothing
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3.---Mode of ascertaining the quantity of
Water of Absorption inSoils.---Soils, though
as dry as they can be made by continued
exposure to the air, in all cases still contain
a considerable quantity of water, which ad-
heres with great obstinacy to the earths and
animal and vegetable matter, and can only
be driven off from them by a considerable
degree of heat. The first process of ana-
lysis is, to free the given weight of soil from
as much of this water as possible, without
in other respects affecting its composition;
and this may be done by heating it for ten
or twelve minutes over a spirit lamp, in a
bason of porcelain (fig. 4, pl. 1), to a tem-
perature equal to 800.% Fahrenheit ; and in
case a thermometer is not used, the proper
degree may be easily ascertained by keep-
ing a piece of wood in contact with the bot-
tom of the dish : as long as the colour of the

* In several experiments, in which this process
has been carried on by distillation, T have found the
water that came over pure, and no sensible quan-
tity of other-volatile matter was produced.
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wood remains unaltered, the heat is not too
high ; but when the wood begins to be char-
red, the process must be stopped. A small
quantity of water will perhaps remain in the
soil even after this operation, but it always
affords useful comparative results; and if
a higher temperature were employed, the
vegetable or animal matter would undergo
decomposition, and in consequence the ex-
periment be wholly unsatisfactory.

The loss of weight in the process should
be carefully noted; and when in four hun-
dred grains of soil it reaches as high as 50.,
the soil may be considered as in the great-
est degree absorbent, and retentive of water,
and will generally be found to contain a
large proportion of alumine, When the
loss is only from 20 to 10, the land may be
considered as only slightly abserbent and

retentive, and the siliceous earth as most
‘abundant.

4.---Of the separation of Stones, Gravel,
and vegetable Fibres, from Soils.---None of
| s 3
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every four grains and a half of which, ten
grains of carbonate of lime must be esti-
mated.

" The best method of collecting the carbo-
nic acid, so as to discover its volume, is by
the pneumatic apparatus, the construction
and application of which is described at the
end of this paper. The estimation is, for
every ounce measure of carbonic acid, two
grains of carbonate of lime.

8.—Mode of ascertaining the quantity of
insoluble finely divided Animal and Vegeta-
ble Matter.---After the fine matter of the soil
has been acted upon by muriatic acid, the
next process is to ascertain the quantity of
finely divided insoluble animal and vegeta-
ble matter that it contains.

This may be done with sufficient preci-
sion, by heating it to strong ignition in a
crucible over a common fire till no blackness
remains in the mass. It should be often
stirred with a metallic wire, so as to expose
new surfaces continually to the air; the loss
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lime obtained by preeipitation from the
muriatic acid.

In arranging the products, the form
should be in the order of the experiments
by which they are obtained.

Thus 400 grains of a good siliceous sandy
soil may be supposed to centain
Of water of absorption vec.coseeeseec.. 18
Of loose stone and gravel, principally siliceous 42
Of undeeomposed vegetable fibres o.e... 10
Of fine siliceous sand ....eveesencesss 203
Of minutely divided matter separated by

filtration, and consisting of
Carbonate of e | ....aiusiisseassaful e

Carbonate of magnesia .....e0c0000. 4
Matter destructable by heat, principally
i viegatabled il st es ke cane 28
SHBX i e T cessssisesasssns 40
Alumine, . .osuossvessiessssaessions 33
Oxide of iron ..... «.o's sie, imdimi e A L
Soluble matter, principally sulphate of
potash and vegetable extract .... 5

G}rpaum B PSS PR e SE YRR L 3
Phosphate of lime ..covseeeccsna. 2

126
Amount of the products 325

LGSE LA R R R RN EREEREERERHN 4
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and frequently contains shells. Shell marl
is called either the earthy or the indurated,
abounding with shells.

All marls are useful in agriculture only
in proportion to the quantity of calcareous
earth they contain: unless they contain
more than 30 per cent. of lime they are of
no value to the farmer.

From what has been stated already on
the analysis of soils, the analysis of marls
becomes obvious. Of all the modes of trial,
the one best suited to the unlearned farmer
is. to observe how much carbonic acid the
marl gives out, and this he may ascertain by
dissolving a little of it in dilute muriatic acid,
and observing what portion of its weight it
loses by the escape of the carbonic acid.
Thus, if an ounce of marl loses 40 grains,
he may conclude that the ounce contained
only 100 grains of calcareous earth, and that
it would be his interest to pay five times as
much for a load of lime as he must pay for
a load of marl at the same distance,.

T 5
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slab, suffer it to cool, and reduce it to
powder.

II.—Transfer the mass into a Florence
flask (fig. 5, pl. 1.), cover it with nitro-mu-
riatic acid, and digest it at a gentle heat for
a few hours. Decant the fluid, and repeat the
digestions until the residue is of a pure

white colour. Let it be washed, and add
 the washings to the muriatic solution.

ITI.—Transfer the fluid obtained in the
foregoing processes into a glass bason
(fig. 4, pl. 1.), and evaporate it slowly, over
a lamp, to dryness (fig. 4, pl. 1.).

IV.—Pour upon the residue obtained in
the last process so much boiling distilled
water as is sufficient to dissolve it, and filtre
the solution through paper placed in a
funnel.

V.—Having done this, precipitate the
solution with green sulphate of irom, till
no further change of colour ensuvs, and then
suffer the whole to stand undisturbed for
some days; the gold will now be precipi-
tated, and found at the bottom of the vessel,
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acid has been decanted ; having done this,
mix the different nitric solutions, pour over
the insoluble residue a small quantity of
water at a time, till this fluid runs off taste-
less, and mix the water used for washing
with the first obtained solutions.

I1.—Add to the fluid obtained in the first
process common salt, dissolved in water,
in small quantities at a time, till no further
precipitate ensues ; collect this precipitate,
pour water over it so as to wash it tho-
roughly, then suffer it to dry. When per-
fectly dry, 100 parts contain 75 of silver,
which may be obtained from it in the man-
ner directed page 141.

Analysis of Plumbiferous Native Silver.

In this ore the silver exists alloyed with
lead, and sometimes also with iron.

Process I.—Proceed as in the former pro-
cess I, page 448, and immerse into the solu-
tion of the ore in nitric acid a polished cop-
per cylinder, The silver will be precipitated
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ANALYSIS OF ORES OF IRON.

Analysis of Magnetic Iron Ore, or Com-
mon Magnetic Oxide of Iron.

This ore contains, besides oxide of iron,
a small portion of silex and alumine. It is
not only attracted by the magnet, but it
possesses itself polarity; hence it attracts
iron filing. It affords cast iron of but indif-
. ferent quality, but very excellent bar iron.

- Process I.—Take one part of the ore, le-
vigated as fine as possible, add to it six
parts of potash or soda, and eighteen of
water ; boil the mixture in a silver basin or
crucible, for at least two hours, taking care
to supply the water as it evaporates : lastly,
evaporate the mixture to dryness; and raise
the heat so as just to fuse the whole, and
suffer it to remain fused, at a dull red heat,
for about half an hour.

- II.—Soften the fused alcaline mass with
water, transfer it into a flask, pour over it
muriatic acid, previously diluted with two of
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ammonia in excess ; the lead will be pre-
cipitated as” white oxide, and the copper
remains in solution. The former, by fusion
with black flux, may be reduced to the
metallic state.

VI.—The solution, freed from lead, may
then be slightly aciduated with nitrous acid,
and carbonate of potash added to it, which
will throw down the oxide of copper; and
his, after being exposed to a low red heat,
becomes converted to the state of brown
oxide, 100 parts of which denote 85 of metal.

VII.—The insoluble portion of the ore left
in process L. is to be digested, at a tempe-
rature somewhat inferior to boiling, with
successive portions of nitro-muriatic acid
(consisting of nitric acid, specific gravity
1.25 one part, strong muriatic acid three
parts), as long as any action takes place ;
the solutions being then mixed and concen-
trated by evaporation, are to be poured into
a considerable quantity of pure water; an
immediate precipitate or white oxide of an-
timony takes place, which, being separated
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redness in a retort, sublimes in bluish-white
metallic globules. '

Mercury, if on heating to redness in a
retort, or glass tube, the part of the preci-
pitate of the preceding experiment which
resisted the action of the alcali, yields glo-
bules of mercury; or still better, if similar
globules are obtained by heating the metals
before treating them with nitric acid.

Cobalt, if, after having diluted it with
water, and immersed into it a plate of iron, -
to precipitate the bismuth, lead, silver, pal-
ladium, copper, tellurium, and mercury, a
liquid is obtained, from which an oxide can
be precipitated, capable of forming a blue
glass with borax: to this effect, the liquid
must be first mixed with muriatic acid, and
next with an excess u_f ammonia ; afterwards
the liquid is to be filtered, and then boiled
with caustic potash: and the precipitate
formed by the action of this alcali, melted
with 20 or 25 times its weight of glass of
borax, will colour it intensely blue.

Uranium, if, by digesting In nitric acid
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Analysis of a Metallic Compound consisting
of Tin, Bismuth, Lead, Copper, and Silver.*

VI.—Digest the alloy with an excess
of nitric acid with heat; evaporate the li-
quid nearly to dryness, and pour water upon
the residue: a solution will be produced of
nitrates of silver, lead, and copper, and a
deposit of peroxide of tin and oxide of bis-
muth : these last, separated by putting them
again in contact with nitric acid, as men-
tioned (see page 493), will give, by their
weight, the quantities of tin and bismuth
of the mixture. The quantities of silver,
lead, and copper, are to be determined

* We shall content ourselves merely by indicating
the general way of proceeding that should be fol-
lowed in this analysis, as well as in those following.
The washings, filtrations, desications, and all other
operations practised in analyzing these different
compounds, will not here again be considered. The
reader being now, it is supposed, familiar with all
these analytical details, more especially as they
have been previously described.
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may be precipitated by nitric acid, and from
the muriatic solution the oxide of iron by
ammonia., The gold and platinum remain-
ing, are to be treated as in the preceding
analysis. The oxide of iron and the oxide
of manganese are to be separated by one
of the two following methods:

The first consists in dissolving them in
sulphuric -acid, diluting the solution with
water, and adding to it gradually a dilute
solution of potash. A reddish precipitate
of sub-sulphate of iron, and a yellowish-
white precipitate of oxide of manganese,
will be obtained : but the oxide of manga-
nese will snbside the last, and a considerable
time after the other; it will therefore be
easy to seize the proper time for filtering
the liquid to collect the sub-sulphate; this
will be when the solution, after having been
made turbid by the addition of potash,
ceases to become so by small additions of
that alcali, and when, on the contrary, it is
made turbid by greater guantities of potash.
The sub-sulphate should be exposed to a

Y 4
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red heat to expel the sulphuric acid, "and
the oxide of iron he added to that which
was mixed with the oxide of tin; by this
means, all the oxide of iron will be obtained,
and consequently, the quantity of that metal :
the weight of the oxide of manganese will
give equally that of the manganese. Pos-
sibly a little oxide of iron might yet be
found in the washings of the oxide of bis-
muth. In case there should be any, it may
be precipitated by potash, and added to
that which is already obtained.

The second method of separating the
two .oxides is founded on the property pos-
sessed by nitrate of iron of being readily
decomposed by heat, and on the property
of nitrate of manganese of suffering by this
means no alteration. Indeed, if we dissolve
oxide of manganese and oxide of iron in
nitric acid, evaporate the solution to perfect
dryness, particularly if we heat to redness
the residue, digest it afterward with water,
and throw the whole upon a filtre, the oxide
of iron remains upon the filtre, while the
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