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2 OF ALKALIS

The most characteristic property of the alkalis is that
displayed in their relations to the acids, namely, their
combining with them, and forming compounds in which
the peculiar acid powers are neutralized. But the same
property is possessed by another order of chemical agents,
the Earths ; and several of these approach closely, in other
respects, to the alkalis, being soluble in water, acrid and
caustic, combining with oils, and changing the vegetable
colours to a green. In the leading property common to
both, the analogy is even still farther extended ; for the
compounds of the metals with oxygen, the Metallic
Oxides, as they are named, are also capable of combi-
ning with the acids, and of neutralizing the acid powers.
Thus, the whole of these bodies are connected into one se-
ries ; and though the Alkalis, Earths, and Metallic Oxides
may each be distinguished, by some peculiar characters,
as a subordinate order, still they are all strictly allied in
their most important chemical relations; and the transi-
tion is nearly uninterrupted, from the substance placed
at the commencement of the one division, through those
belonging to the others.

The analogy between these three orders has been ren-
dered perfect by the discovery, that the alkalis and earths
are compounds of bases of a metallic nature with oxygen ;
that under this point of view, therefore, they are actually
metallic oxides. The earths resembling the more com-
mon metallic oxides in many of their properties, had fre-
quently been supposed to be metallic ; but the same sup-
position had scarcely been extended to the alkalis, partly
as their properties are more remote from those of metal-
lic oxides, and partly from the composition of ammonia
having been discovered, by which it was proved to have
no connection with metallic matter, but to consist merely
of the two gases, hydrogen and nitrogen. Sir H. Davy
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AND THEIR BASES. 3

succeeded in effecting the decomposition of the alkalis by
galvanic action, and obtained from them oxygen and
bases having metallic properties. He submitted the
earths to the same powerful instrument of analysis; and
though their decomposition was less perfect, it was suffi-
ciently so to demonstrate that they also consist of metal-
lic bases in an oxidated state. And thus, the whole series
of substances capable of neutralizing acids, and so strict-
ly connected in other general properties, were, with the
exception of ammonia, proved to be composed of metals
combined with an oxygen; and an uninterrupted grada-
tion was established from the alkalis to the earths, and
from them to the metallic oxides.

Though the alkalis, earths, and metallic oxides have
been connected by these discoveries, there remain suffi-
cient reasons to arrange them as distinct orders. The
bases of the alkalis and the earths, admitting them to be
metallic, possess marked distinctions from the common
metals, both in physical and chemical properties; and ex-
cept in the leading character of combining with the acids,
the alkalis are very different in their qualities from the
metallic oxides, and are much more active in their che-
mical relations. The earths approach nearer to the me-
tallic oxides, and form the link connecting them with the
alkalis. In this series, then, of alkalis, earths, and me-
tallic oxides, the history of these substances will be gi-
ven *.

# As this arrangement is somewhat different from that com-
monly followed, in which the earths and greater number of the
alkalis are included among the metallic oxides, it may be proper to
make some remarks on the advantages which Dr Murray's method
possesses. The principle of his arrangement, it has been already
stated, is to class bodies into certain general orders, as Atmospheric
Air, Water, Acids, Alkalis, Earths, &c. the characters of which

A2



4 OF ALKALIS

Several of the earths, particularly barytes and strontites,
approach so nearly to the alkalis in their properties, that

are obvious and easily defined, and of which the student, even in
beginning the study of the science, may have some general idea; and
to place in connection with the history of each substance, the ac-
count of its constituents and their combinations, bodies which are
less familiarly known to us. Thus, under the history of atmo-
spheric air, its elements, oxygen and nitrogen, were described : un-
der that of water, hydrogen was noticed : under sulphuric acid, sul-
phur and its various compounds were described. In like manner, in
connection with the chemical history of potash, that of potassium
will be given : sodium will be noticed in connection with soda, &e.
The opposite mode has been followed in most chemical works.
The simple bases, of which no one, unless he is previously acquainted
with the science, has any knowledge, are described first, and after-
wards their compounds, such as they oceur in nature, or are ob-
tained in the processes of art,—a method which certainly appears
to me to reverse the proper manner of teaching a science, by be-
ginning with those substances which are more recondite, and more
difficult to be obtained and examined, and proceeding afterwards
to those which are more familiar to us. In this latter method it
has been mentioned the classes of Alkalis and Earths are expung-
ed, and these important agents are placed amongst metallic oxides,
—an arrangement liable to other objections of considerable weight.
Thus, the class of metals, which was before so extensive, that it
was difficult to recollect and to discriminate the individual bodies
which it included, is, in this way, still farther enlarged. Instead of
29 metals, which are classed together in Dr Murray’s arrangement,
in the common method not less than 40, and these varying from
each other in every degree, are enumerated in one series. A con-
sequence of this is, that the characters of a class so extensive, and
composed of bodies of such different properties, must be vague
and deficient ; and accordingly, the class of metals, as commonly de-
fined, has not a single distinctive character. In Dr Murray's ar-
rangement, all the substances placed together as metals agree in a
property, than which none can be more obvious or more certain,—
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it has been proposed to transfer them to this class. They
are still, however, on the whole, more strictly connected
with the other earths : and if the entire series is to be sub-
divided into orders, it could not be done with more pro-
priety, than into the three which have been stated. The
alkalis may be regarded as associated and distingunished
from the others by their much greater solubility in water,
and affinity for it; by their solubility in alcohol; by their
greater fusibility and volatility, and in general by their
greater activity as chemical agents.

Some newly discovered substances, it has been stated,
have been added to this class. Of these, one, Lithina, is
found to exist in certain minerals, and is hence properly
associated with the others, potash and soda, which also
occur in a number of minerals. There are others, as
Morphia or Morphine, Cinchonine, &c. which are exclu-

great specific gravity. But in the other mode of placing the al-
kalis and earths, as metallic oxides, this prominent distinction is
lost, potassium and sodium being lighter than water, and the other
metalloids little heavier ; and the anomaly is thus presented, of
elassing these with platina and gold, which are more than twenty
times heavier. Another inconvenience attending the common ar-
rangement regards one of the alkalis, ammonia, which in alkaline
qualities is not inferior to either of the others, and is indeed closely
related to them in all its agencies, yet not having a metallic base,
is not associated with them, but in most chemical works occu-
pies a singular situation, being placed beside olefiant gas, phos-
phuretted and sulphuretted hydrogen, and other compounds of hy-
drogen, to none of which certainly does it bear the smallest re-
semblance. In Dr Murray's arrangement alone is it placed in a
situation corresponding to its characters. For these, and other rea-
sons which might be stated, Dr Murray’s arrangement has always
appeared to me preferable to every other, and I have m‘.tﬂrding'l:.,r
atrictly followed it in the text. Eb.






OF AMMONIA. T

hydrogen and nitrogen gas. In its decomposition by heat,
he shewed that it is resolved into these two gases alone;
and when it is decomposed by metallic oxides, he explain-
ed the formation of water and evolution of nitrogen, by
inferring that the hydrogen of the ammonia unites with
the oxygen of the oxide, while the nitrogen is liberated.
The composition of ammonia is not easily established
by synthesis, the elasticity of the two gases being an ob-
stacle to the exertion of the affinity of their gravitating
matter, so that when mixed together they cannot be com-
bined, even by the agency of the electric spark. It had
been observed, however, that in some cases of chemical ac-
tion, ammonia is evidently formed, or is evolved, though
it does not pre-exist in the materials. This production
of it was known to take place in the action of nitric acid on
tin; and the theory of its production, as well as the prin- -
ciple on which it depends, were ascertained by Dr Austin.
Tin being a metal having a great avidity to oxygen, when
acted on by nitric acid, decomposes both the acid itself
and the water present, attracting the oxygen of both. The
acid is a compound of oxygen and nitrogen : when it suf-
fers this decomposition its nitrogen is disengaged, at the
same time the hydrogen of the water is liberated ; and
these two being presented to each other in the moment of
their evolution, and before they have become elastic, (in
their nascent state, as it has been named,) their mutual af-
finity is exerted with effect, and they combine ; ammonia
is thus produced. Dr Austin farther found, that it was
sufficient to present hydrogen in its nascent state to nitro-
gen gas to form ammonia, this result being obtained when
iron-filings moistened with water are confined in a tube
with nitrogen gas over quicksilver. A similar production
of ammonia has been observed to take place when nitrie
acid is acted on by phosphorus; that inflammable attract-
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ing at the same time oxygen from the acid and hydro-
gen from the water, and the evolved nitrogen and hydro-
gen uniting in the moment of their disengagement.

The discovery of the existence of oxygen, as a consti-
tuent principle of the other two alkalis, potash and soda,
suggested the conjecture, that it might exist as an element
in the composition of ammonia. Sir H. Davy stated se-
veral experiments by which this appeared to be proved,
and from which he inferred, that the proportion of oxygen
in the composition of ammonia cannot be estimated at less
than seven or eight parts in the hundred, and may even
be larger. But the reverse was established by the expe-
riments of other chemists. Dr Henry, submitting ammo-
nia to analysis by the action of electricity, found, when
the due precautions have been observed to exclude mois-
ture, that it is resolved into hydrogen and nitrogen alone,
without any trace of oxygen. The analogical inference,
that ammonia must contain oxygen, from the fact, that all
other bases which neutralize acids contain that element,
has even led some to conclude that oxygen must exist
either in hydrogen or nitrogen. This supposition, how-
ever, has no support from experimental investigation.

It may be remarked, however, that some experimental
results have been obtained, which seem to indicate that
ammonia, like the other alkalis, is a compound of oxy-
gen with a metallic base. The supposed indications of
this base have been observed, in submitting the alkali to
the powerful decomposing agency of galvanic electricity.
Ammonia itself is not easily subjected to the action of gal-
vanism, but an ingenious form of experiment was employ-
ed by Seebeck, that of placing it in the galvanic circuit in
contact with quicksilver. A globule of quicksilver was
placed in a solid piece of carbonate or muriate of ammo-
nia, slightly moistened, in connection with the positive
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side of a galvanic battery, or, according to the method of
Berzelius and Pontin, it may be placed in contact with a
solution of pure ammonia in a platina spoon. On esta-
blishing the contact with a wire from the negative side,
the quicksilver begins to increase in volume ; it thickens
and becomes less mobile, and at length is enlarged to four
or five times its original volume, and becomes a soft solid,
retaining the metallic lustre: oxygen is at the same time
evolved at the positive wire. The changes the quicksilver
thus suffers are similar to what would be produced from
the communication to it of metallic matter. Hence it was
concluded, that in the experiment the ammonia suffers
decomposition, probably by the abstraction of oxygen,
and that its supposed metallic base, (Ammonium as it
was named,) remains in combination with the quicksilver.
This appeared to be confirmed by the fact, that when the
ammoniacal amalgam, as this soft solid has been named,
is dropt into water, it is resolved into quicksilver and am-
monia, hydrogen gas being evolved, which was supposed
to indicate a decomposition of water, and the transfer of
its oxygen to the ammonium, so as to reproduce ammo-
nia. This amalgam, at a temperature of 32° acquires
considerable hardness, and even crystallizes in distinct
and regular cubes.

The theory of this singular experiment has now been
elucidated. Gay-Lussac and Thenard have shewn that
this soft metallic solid is a compound of quicksilver with
portions of ammonia and hydrogen, or an ammoniacal
hydruret of mercury. In its production, the water with
which the ammoniacal salt is moistened, and the presence
of which is essential to the success of the experiment, is
decomposed : its oxygen is attracted to the positive gal-
vanic pole, while the hydrogen of the decomposed water,
and a portion of the ammonia attracted to the negative
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side, enter into weak combination with the quicksilver,
dilating it, and diminishing its specific gravity. And they
found, what establishes this view, that the ammoniacal
amalgam, by exposure to heat, or by mere agitation when
it is removed from the galvanic influence, is resolved into
quicksilver, ammonia, and hydrogen, without oxygen be-
ing communicated to it from any source. Ammonia is
thus the only alkali that does not contain oxygen *.

The proportions of nitrogen and hydrogen which form
ammonia, according to very careful experiments made
by Dr Henry, are precisely 3 volumes of hydrogen and
1 of nitrogen, in conformity with the usual simple law of
volumes. As each volume of these gases represents an
atom, ammonia may be stated to be constituted of 3 atoms
of hydrogen, 3, and 1 of nitrogen, 14 ; and its equivalent
is therefore 17. The two gases in combining suffer a
condensation equal to half their united volumes. The
specific gravity of gaseous ammonia is, therefore, not
equal to that of nitrogen, .9722, added to thrice that of

* This anomaly, which has appeared to chemists so perplexing,
may be explained with facility, and without improbable supposi-
tions, on Dr Murray's view of the causes producing acidity, (sta-
ted at p. 499). Acidity he inferred to arise exclusively from the
agency of one or other of the two important principles, oxygen and
hydrogen ; sometimes one of these acting alone and independently,
as the acidifying power ; sometimes the other; and in the more
powerful acids, both acting in conjunction. The same view, he re-
marked, may be extended to the alkalis. Oxygen confers alkali-
nity on bodies as well as acidity. Hydrogen communicates the
latter : there is, therefore, no reason to conclude, that it may net
also communicate the former. Ammonia is therefore an alkali,
standing in the same relation to the other alkalis that sulphuretted
hydrogen does to the acids,—nitrogen its base, and hydrogen its
alkaline principle. Ep.
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hydrogen, .2083, but to half this number, or .59027.
From the condensation being thus only to two volumes,
instead of to one, ammoniacal gas, like nitric oxide and
muriatic acid gases, is an exception to the law of Dr
Prout, that the specific gravity is equal to the atomic
weight multiplied by .555. From the same reason, an
atom of ammonia is not, as in most gases, represented by
a volume, but as, in other four gases, nitric oxide, muria-
tic acid, prussic acid and hydriodic acid, is equivalent to
two volumes. From its state of condensation, when am-
moniacal gas is decomposed by the electric spark, and
converted into hydrogen and nitrogen gases, it is doubled
in volume.

Ammonia is always procured by indirect processes.
Its ultimate source is usually from the decomposition of
animal matter, of which its constituent principles are ele-
ments, and which, in the new combinations taking place
in that decomposition, unite so as to form it. It is thus
obtained abundantly in the distillation of bones and other
animal substances. Procured in this way, however, it is
always impure, and the chemist therefore usually avails
himself of a salt containing it, prepared on a large scale
for different purposes in the arts, the muriate of ammo-
nia, or sal-ammoniac of commerce, from which it is easily
obtained pure. This salt consists of muriatic acid, com-
bined with ammonia. On mixing two parts of it with
three parts of slaked lime, the pungent smell of ammonia
is immediately apparent; and on applying heat to the
mixture in a retort, there is an abundant production of
gaseous ammonia, the calcium of the lime combining with
the chlorine of the muriatic acid, and the oxygen of the
lime uniting with the hydrogen of the acid: chloride of
calcium and water are thus formed, and ammonia is dis-
engaged. The ammoniacal gas must be received over
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quicksilver, as it is instantly absorbed by water. So
strong, indeed, is its attraction to humidity, that it is dif-
ficult to obtain the gas dry ; one object in using an excess
of lime is to absorb the water produced in the decompo-
sition, and it is advantageous to use even a larger quan-
tity of lime. To dry the gas thoroughly, it should be
exposed to the action of fused potash ; chloride of calcium
can scarcely be used, as it absorbs the gas.

Ammonia, in the state of gas, has an odour extremely
pungent, and is so acrid as to inflame the skin. It is one
of the rarest of the elastic fluids, being, as has been sta-
ted, little more than half as heavy as atmospheric air.
100 cubic inches weigh 18 grains. It is permanently
elastic at natural temperatures, but when exposed to a
cold of —56° of Fahrenheit, it is said to condense into the
liquid state, probably from the presence of a small por-
tion of water. The dry gas has been reduced, however,
to the fluid form, by Mr Faraday, by evolving it in close
glass tubes. To obtain it dry, advantage was taken of a
peculiar property belonging to chloride of silver. This
substance, when immersed in ammoniacal gas, is found
to absorb a large quantity of it, 100 grains of the chloride
condensing no less than 130 cubic inches; the compound
thus formed is decomposed at a temperature of 100°% A
quantity of it was placed in one leg of a bent glass tube,
which was then hermetically sealed and heated ; the other
leg was cooled by the application of ice. Ammoniacal gas
was evolved, and part of it, by the pressure of the elas-
ticity of the remainder, was reduced to the liquid state.
Thus condensed, it formed a colourless transparent fluid,
of the specific gravity of .76 to water as 1; superior in
vefractive power to any of the other condensed gases,
and to water itself. The pressure of vapour, which had
thus rendered it fluid, was found to be equal to six at-
mospheres and a half at the temperature of 50°.
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(Gaseous ammonia extinguishes combustion ; it is in-
flammable when previously mingled with atmospheric air,
burning with a slight lambent flame; when kindled in
mixture with oxygen gas it burns more strongly.

Ammoniacal gas is largely and rapidly absorbed by wa-
ter; the water, under a mean atmospheric pressure and
tgmperature, taking up, according to Sir H. Davy, 670
times its bulk of the gas, and acquiring a specific gravity of
875 : according to Dr Thomson, water takes up even
780 times its bulk of ammoniacal gas. Ice immediately
liquefies in the gas, at the same time condenses it, and this
is accompanied by the production of cold. Its solution
in water is of inferior specific gravity to pure water, being
usually from .900 to .936. The gas is expelled from it
by an elevation of temperature of 130°; by intense cold
the solution is congealed without theammonia being sepa-
rated: the congelation takes place at —40°; and at -—5[}“
it loses all smell.

It is under the form of the watery solution that ammo-
nia is usually employed as a chemical agent, The solu-
tion is prepared, according to the directions of the Edin-
burgh Pharmacopeeia, by mixing 3 parts of newly slaked
lime with 2 of muriate of ammonia reduced to powder,
heating the mixture in a retort placed in a sand-bath,
and connected with a receiver, in which a quantity of dis-
tilled water is placed, equal in weight to the salt employ-
ed. The ammoniacal gas which is generated passes over
to the receiver, and is condensed by the water there.
This process is intended to yield a very strong solution,
but it will be found advantageous to place likewise in the
retort a quantity of water equal to the weight of the salt.
Mr Phillips has objected to this process, that the quanti-
ty of lime is unnecessarily large, whence large vessels are
required ; but Dr Hope considers this excess to be use-
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ful, as accelerating the evolution of the ammoniacal gas,
and hence rendering less heat necessary. The principle
of employing an excess of the decomposing agent is in
accordance with just scientific views, and it is frequently
advantageous to use more than the requisite quantity of
the cheaper material. On these grounds, the Edinburgh
process may be regarded as the most economical, though
perhaps the quantity of lime is rather large; Mr Phillips
having found it to succeed better when equal weights of
lime and salt were used. There is one disadvantage,
however, attending the method, that the lime put into the
retort is liable to become a solid mass, which cannot be
removed without much trouble, and at the risk of break-
ing the retort. To remedy this, an improvement has
been introduced by the London College: they direct
three parts of lime and four of the salt to be mixed with
nearly four times their weight of warm water ; the liquor,
when cold, to be filtered, and one-fourth of its weight to
be distilled from it. It might scarcely have been a priori
expected, that a sufficient quantity of lime would enter
into combination with the acid and ammonia to retain
the acid, and allow the ammonia to escape when the heat
is applied. That this does happen, is, however, proved
by the success of the process, which thus avoids the in-
convenience of a large residue of lime in the retort. Mr
Phillips recommends, as a preferable form of it, to mix 9
ounces of calcined lime with half a pint of water, and af-
ter they have stood an hour, to add 12 ounces of sal-am-
moniac with 31 pints of boiling water. 'When cold, the
liquor is filtered, and 20 ounces distilled from it. On a
large scale, the distillation is carried on from an iron-still
containing the muriate of ammonia and lime dry, to which
the fire is directly applied, the still being connected with
a spiral tin-tube placed in a refrigeratory, and with the
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extremity of which a series of globular receivers is like-
wise connected. When properly prepared the solution
is colourless, and has the pungency of the ammonia un-
accompanied with any feetor,

Ammonia is decomposed by chloring gas. Its hydro-
gen uniting with the latter forms muriatic acid, with which
a portion of ammonia combines, and its nitrogen is libe-
rated. If the two gases are dry, the mutual action is at-
tended with inflammation. This alkali unites with sul-
phuretted hydrogen. 'When equal volumes of sulphuret-
ted hydrogen and ammoniacal gases are mixed together,
a thin soft deposite is formed on the sides of the vessel;
which exhales a penetrating vapour when exposed to the
air: by surrounding the vessel, during its formation, with
a freezing mixture, it is obtained in white erystals. This
seems to be the proper Hydro-sulphuret of Ammonia.
Another combination, long known to chemists by the
name of Fuming Liquor of Boyle, is prepared by expos-
ing to heat in a retort a mixture of sulphur, lime and
muriate of ammonia ; a liquor distils over of a yellow co-
lour, which has a sharp fetid odour, and exhales white va-
pours, when exposed to atmospheric air or oxygen gas.

Ammonia unites with all the acids forming neutral
salts. It has been supposed to be inferior in alkaline
powers to the other two alkalis, as they decompose the
compounds it forms with the acids : this, however, is pro-
bably owing to its volatility. From its small combining
weight, a given weight of it neutralizes larger quantities of
the acids than the same weight of the other alkalis do,

The ammoniacal salts retain, in some degree, the pro-
perties of the base. They are all volatile, being sublimed
generally at a heat of 3 or 400: by a red heat they are
decomposed. They are all soluble and crystallizable, and
have an acrid taste. They are distinguished by the pun-
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gent odour they exhale when triturated with lime, and by
their throwing down an orange-yellow precipitate from
muriate of platina. In conformity to the arrangement
which has been adopted, these salts are to be considered
in connection with their base.

CarBoNATE AND Bi-CARBONATE or AMMoNIA.—Am-
monia, by combination with carbonic acid in different pro-
portions, affords various products, in which, however, the
alkali is not altogether neutralized. Though they exist
in a concrete state, they are volatile, retain the pungent
ammoniacal odour and taste, and change the vegetable co-
lours to a green. The combination is easily established,
by presenting the two gases to each other; they instantly
unite and form a concrete salt: they unite in the propor-
tions of 100 measures of the acid gas with 200 measures
of ammoniacal gas, and the product of this combination
used to be called a sub-carbonate; but as it consists of
one atom of each ingredient, it is properly termed a car-
bonate. By dissolving this in water, and passing a cur-
rent of carbonic acid through it, the bi-carbonate of am-
monia is formed, containing two atoms of acid and one of
ammonia.

Besides these, another of variable composition is usual-
ly met with in the shops, which has been called a sub-
carbonate, but appears rather to be a sesqui-carbonate.
The process followed for its production is an indirect one,
decomposing muriate of ammonia by carbonate of potash
or lime. Equal parts of chalk, dried, and of muriate of
ammonia, are mixed together, and put into an earthen
retort, or an iron-pot, to which a capital is adapted, and
which is connected with a large receiver. Heat is ap-
plied ; a double decomposition is effected, the lime attract-
ing the muriatic acid, and the ammonia, the carbonic acid.

1
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an evolution of light, an iodide of potassium being form-
ed, which is the same with dried hydriodate of potash.

Potassium unites with inflammable substances. "When
heated in hydrogen gas, it is dissolved : and the gas, on
being mingled with atmospheric air, explodes with a vivid
light, and the production of alkaline fumes. If a more
gentle heat be applied, a solid compound containing a
smaller proportion of hydrogen is formed : this hydruret
of potassium is of a grey colour, without metallic lustre,
and not inflammable at common temperatures. With
phosphorus, a compound is formed, inflammable, and
which has the appearance of the metallic phosphurets ; and
a second, a sub-phosphuret, of a chocolate colour, compo-
sed of two atoms of potassium and one of phosphorus.

When potassium is heated with sulphur, under the va-
pour of naphtha, they combine rapidly with the evolution
of heat and light, and form a substance of a grey colour,
with the lustre and appearance of artificial sulphuret of
iron.

Sulphuret of potassium has also been obtained by M.
Berthier, in the manner which has been already mention-
ed, by inclosing sulphate of potash in a erucible lined
with charcoal, defending it from the contact of the air,
and exposing it to a white heat for an hour or two. The
sulphuret of potassium, thus procured, was in a mam-
millary crystalline mass, of a fine flesh red colour, and
translucent. When thrown into water, it was dissol-
ved, producing a considerable elevation of temperature.
While it was mixed with the charcoal in the crucible, it
took fire, upon being moistened,—a fact which enables
us to explain the spontaneous inflammation of pyropho-
rus, a mixture supposed to contain potassium, which will

be afterwards mentioned. In dissolving in water, it is in-
YOL. II. C
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an equal weight of recently slaked lime, and as much wa«
ter as is necessary to give the consistence of a thin paste :
this is put into a glass funnel, the tube of which is ob-
structed with a piece of linen ; the mass of lime soon sub-
sides, so that the liquid portion filtrates through it slowly,
and water is occasionally added, as the filtration proceeds,
until a quantity of liquid has passed through, ten times the
weight of the carbonate of potash employed. The lime
in this process attracts the carbonic acid from the potash,
and, from the large quantity employed, and the slowness
with which the dissolved alkali passes through it, the ab-
straction is more complete than could be obtained by any
other arrangement.

Still, the potash is not perfectly pure ; a little carbonic
acid remains combined with it, and there may also be pre-
sent small portions of sulphate and muriate of potash and
silex. To obtain it in a state of purity, the method gene- -
rally followed is one proposed by Berthollet. Potash is
soluble in aleohol, but is insoluble when combined with
carbonic or sulphuric acid. The potash to be purified is
therefore digested in alcohol, the impurities remain dis-
solved in water in a lower stratum, while the alcohol
holding the pure alkali dissolved, floats above ; this is
drawn off; and is partially evaporated in a silver bason.
The upper portion of the liquor is again poured off, and
is evaporated, so that on cooling it shall either deposite
crystals, or pass into an irregular crystallized mass; this
is the pure potash. Still, even after these processes, so
strong is its attraction to carbonic acid, and such the in-
fluence of quantity of matter, that it retains a minute por-
tion of that acid, appearing even to abstract carbon from
the alcohol. 1)’ Arcet has recommended to add to its so-
lution barytic water, which may render it perfectly pure.

Potash thus prepared is when dried a solid mass, hard,
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and brittle, of a greyish-white colour, It may be obtain-
ed crystallized in thin plates, in slender needles, or in
tetrahedral pyramids, single or double, these containing
different portions of water of crystallization. They pro-
difce cold in dissolving in water, while the solid potash
produces heat. ' Even in the driest form to which it is re-
duced by evaporation, and after it has been kept in fusion,
the potash retains a considerable quantity of water com-
bined with it, and which cannot be abstracted from it; as
by applying heat to expel it, the potash itself is at length
volatilized, along with its combined water, which is sepa~
rated only when it enters into combinations. This im-
portant fact was discovered by D’Arcet. The quantity
of water seems to be one atom, 9, to one atom of potash,
48 ; hence the equivalent of the compound, Hydrate of
Potash, as it is called, is 57. The combined water gives
rise to a considerable modification of properties. The
real alkali is supposed to be obtained by the combus-
tion of potassium, and heating the product, so as to
expel the excess of oxygen. It is of a greyish colour,
harder and heavier than fused potash, with a vitreous
fracture; it requires a strong red heat to melt it, and a
higher heat to volatilize it. When a little water is add-
ed to it, it becomes white and more fusible and volatile.
It is uncertain what the properties of this compound ave,
whether it has any alkaline quality or not; for it cannot
be submitted to examination without the admission of
water, which immediately changes its composition, con-
verting it into the hydrate. The hydrate melts at a heat
of 360°, and is volatilized at a low red heat. It still has
a strong attraction to an additional portion of water: it
imbibes it rapidly from the atmosphere, so that its sur-
face becomes humid, and it dissolves in less than its own

weight of water, forming a solution dense and somewhat
viscid.
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Potash is an alkali of considerable strength : a minute
portion of it changes the blue and purple colours of ve-
getables to a green, and it is so powerfully corrosive as
quickly to erode and dissolve animal matter. It unites
with oils and fats, forming soaps, which, though concréte,
are soft and gelatinous. It combines with some of the
metallic oxides ; it unites with some of the earths by fu-
sion, and others are dissolved by its solution in water.
Potash has the distinguishing alkaline property of com-
bining with acids and neutralizing their properties : from
its combining weight being high, however, its saturating
power is not great. The best test for detecting its pre-
sence in a solution, is a solution of muriate of platina,
which will throw down a yellow precipitate, the triple
muriate of platina and potash.

Potash is acted on by phosphorus. When it is heated
in a close tube with phosphorus, a compound is formed,
which when thrown into water decomposes it, phosphoric
acid remaining in solution, and phosphuretted hydrogen
being liberated. The nature of this compound is yet un-
certain ; it may either be a phosphuret of potash, or a mix-
ture of phosphate of potash and phosphuret of potassium.

SuLpHURET oF PotasH, it used to be imagined, is form-
ed when equal parts of sulphur and dry concrete potash
are heated in a covered crucible, or when one part of sul-
phur and two parts of sub-carbonate of potash are heat-
ed together. - But, as has been stated, the usual product
of these methods is sulphuret of potassium. It is said,
however, that if the heat be kept moderate, a proper sul-
phuret of potash is formed. It is inodorous while dry ;
but when moistened or dissolved, acquires a fetid smell
from the production of sulphuretted hydrogen. From
suffering decomposition when in a state of solution, it is

scarcely possible to discover precisely its peculiar agencies.
I
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HiypRoSULPHURET oF Porasu is formed by transmit-
ting sulphuretted hydrogen through a solution of potash.
It is obtained in large prismatic crystals, white and trans-
parent ; its taste is alkaline and bitter. It attracts humi-
dity from the air, and is soluble both in water and alcohol.
SurpHureTTED HYDROSULPHURET oF Porasu is formed
either when sulphur is boiled with hydrosulphuret of po-
tash, or with a solution of potash. It is of a yellow co-
lour, its taste acid and nauseous, has a soapy feel, and
stains the cuticle black. The acids precipitate sulphur
from it.

CareoNaTE or SuB-CamrBoNaTE ofF Porasu. — This
salt, it has been stated, forms the base of the potashes and
peatl-ash of commerce, obtained by the incineration of ve-

- getables ; it is necessarily mixed with many impurities.
From these it is in part freed, by dissolving the pearl-ash
in an equal weight of warm water; the foreign substances
‘being sparingly soluble, remain in a great measure undis-
solved ; the clear liquor is poured off, and is evaporated
until a pellicle appear on its surface; on cooling and re-
maining at rest for a few hours, it deposites a little muri-
ate of potash ; and being poured off from this and evapo-
rated, the carbonate is obtained. Other processes have
been employed to procure it, such as burning tartar at a
red heat: this substance consists of potash combined with
tartaric acid,——a vegetable acid composed of oxygen, car-
bon, and hydrogen, which, when decomposed by heat,
affords carbonic acid, and with this the potash combines.
By deflagrating tartar with nitre, a similar product is
formed, and also by deflagrating nitre with charcoal, the
charcoal being converted into carbonic- acid by the oxy-
gen afforded by the decomposition of the nitric acid,
and the carbonic acid combining with the potash, which
is the base of the nitre. As obtained by these processes
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the carbonate of potash is even purer than in the state in
which it is procured from the pearl-ash of commerce.
Carbonate of potash, obtained in a concrete state by eva-
poration, is in the form of coarse grains, as it is not sus-
ceptible of regular crystallization. From the predomi-
nance of the alkali in it; it is deliquescent ; if exposed to
the air it soon attracts as much water as dissolves it; it is
soluble in less than its weight of water. Its taste is acrid ;
it changes the vegetable colours to a green, and combines
with oils, forming a saponaceous compound. These cha-
racters are so distinctly alkaline, that they formerly led
to the opinion, that the potash was in excess in the salt,
and hence it was termed a sub-carbonate : they are, how-
ever, to be ascribed rather to the weak acidity of the car-
bonic acid, than to deficiency in its proportion; for it is
proved, that the salt consists of one atom or equivalent
of carbonic acid, 22, and one of potash, 48 ; hence it is
strictly a carbonate of potash, and is now so termed ; its
equivalent is.70, The erystallized salt contains two pro-
portionals of water; at 280° the whole of this is expelled,
but the salt may be filsed at a red heat, without losing
+any of its acid. It is decomposed by the acids ; its car-
bonic acid being disengaged with effervescence.
B1-CarBonate or Porasn may be obtained by expo-
sing the solution of the carbonate to the air for some time,
carbonic acid being imbibed from the atmosphere, and
crystals being deposited. O it is formed more directly by
passing a current of carbonic acid gas through a solution
of the carbonate of such a strength that erystals form
spontaneously. The crystals are bevelled quadrangular
prisms; they do not, like the carbonate, deliquesce. They
require four parts of water at 60° for their solution, and
produce, while dissolving, a degree of cold. They are

much more soluble in hot water, the water taking up even
%
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5-6ths of its weight; but if the temperature be that of
boiling water, part of the carbonic acid assumes the elas-
. tic state, and rises through the liquor. The taste of this
crystallized salt is more mild than that of the sub-carbo-
nate ; though still alkaline it has no causticity, but it
changes the vegetable colours to a green: the alkaline
qualities are thus not neutralized, even by an excess of
carbonic acid. Dr Wollaston shewed, that it contains
just double the quantity of acid in the sub-carbonate;
hence the name of Bi-carbonate which he gave it: two
atoms of carbonic acid are 44, one of potash is 48, and a
proportional of water, 9, also exists in it ; its equivalent is
therefore 101. It is used for some medicinal purposes.
Solution of potash may be supersaturated with carbonic
acid by dissolving the carbonate in water, (one ounce in
ten pounds,) and by the assistance of cold and pressure
impregnating the solution strongly with carbonic acid gas ;
the lignor, when a sufficient quantity of carbonic acid has
been combined in it, is pleasantly acidulous, with some
pungency, and the alkali thus supersaturated proves less
irritating to the stomach than in any other state.
NiTraTE oF Porasn is the salt well known by the name
of Nitre or Saltpetre. In warm climates it is, under cer-
tain circumstances, formed spontaneously at the surface
of the soil; it is thus procured in India, whence the ni-
tre we use is imported. In some countries of Europe,
particularly France and Germany, the production of it
is favoured by artificial arrangements. Vegetable and
animal substances, with an intermixture of old plaster,
mortar, or other forms of carbonate of lime, are put into
ditches lined with clay, and covered with sheds to pro-
tect them from the rain, while the air is admitted. They
are turned up occasionally, and at the end of a few months,
when washed with water afford nitrates of potash and lime.
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From its facility of decomposition by heat, nitre pro-
duces deflagration, when heated with inflammable bodies,
as has been explained under the general theory of com-
bustion. It is from this that it is the principal ingredient
in the composition of gunpowder, which consists of 75
parts of it by weight with 16 of charcoal, and 10 of sul-
phur. These ingredients are thoroughly mixed by con-
tinued trituration, a small quantity of water being added
to favour this; the paste into which the composition is at
length brought is granulated by pressing it through a
sieve, and the grains, after they are dry, are rounded and
glazed by friction from agitation. The deflagration of
the gunpowder, when an ignited spark falls on it, is owing
to the rapid communication of the oxygen to the sulphur
and the charcoal ; and its great expansive force depends
on the sudden extrication of the aérial products—sulphu-
rous acid and carbonic acid formed by the oxygenation
of the sulphur and charcoal, and nitrogen from the de-
composition of the acid. These gases, when cold, occupy,
it is found, 250 times the bulk of the powder from which
they have been produced : but at the moment of explosion,
when their elasticity is greatly increased by the high tempe-
rature, it is caleulated that they must require 1000 times
the volume of the powder ; and as each of these volumes
exerts a force equal to that of the atmosphere, or 15
pounds on the square inch, the total expansive force of
gunpowder cannot be less than 15,000 pounds on a square
inch. By this force a bullet, it is calculated, must be pro-
pelled from a gun with a velocity of about 2000 feet in
the second. The chief use of the sulphur is, that the
powder may be easily kindled, while the charcoal when
mflamed burns with greater rapidity and a greater ex-
trication of heat, and prevents the liquefaction of the
whole mass. Another detonating composition, still more



44 OF POTASH

powerful than gunpowder, of which nitre is the principal
ingredient, is that named Pulvis Fulminans. It consists
of three parts of nitre, two of carbonate of potash, and
one of sulphur triturated together : when heated, it ex-
plodes with a very loud report. Its detonation appears
to be owing to the formation of sulphuret of potash, which,
re-acting on the water contained in the salts, disengages
sulphuretted hydrogen, and this, presented in its nascent
state to the oxygen of the nitre, forms sulphurous acid
and watery vapour in a state of high elasticity from the
caloric disengaged.

NitritE oF Porasu seems to be formed when, by a cer-
tain degree of heat, an equivalent of oxygen is expelled
from nitre ; for even a weak vegetable acid, as the acetic,
is then able to decompose the salt, eyolving red nitrous
acid fumes. It is supposed by some, however, that the
salt is then rather in the state of a hyponitrite.

SuLpHATE oF PorasH is formed by adding diluted sul-
phuric acid to a solution of carbonate of potash, until the
acid and alkaline properties are neutralized. @A more
economical process, generally followed in pharmacy, is to
prepare-it from the residual mass obtained in the distilla-
tion of nitric acid from nitre and sulphuric acid; this is
a bi-sulphate of potash, and by abstracting the excess
of acid by lime, which forms an insoluble sulphate of
lime, the neutral sulphate of potash results, which may be
obtained by evaporation. The crystals of this salt are
six-sided prisms with pyramidal terminations ; it requires
for its solution 17 parts of water at 60°, and five parts at
212°, Its taste is bitter : it consists of one atom of potash
and one of acid.

Bi-suLpHATE oF Porasn, or Super-sulphate of Potash,
is the salt remaining after the decomposition of nitre by
sulphuric acid. By solution and slow evaporation it can
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be obtained in crystals. It consists of one atom of potash,
48, and two atoms of sulphuric acid, 80, It has a very sour
taste, and reddens vegetable colours: it is much more
soluble than the sulphate, requiring only two parts of
water at 60° and less than one part at 212°. SULPHITE
or PorasH is obtained in rhomboidal or acicular crystals,
white and transparent, soluble in an equal weight of cold
water. Hyro-suLpHITE oF PorasH is formed by expo-
sing a solution of sulphuretted hydro-sulphuret of potash
to the atmosphere till it loses its yellow colour. When
this liquid is evaporated, the hypo-sulphite crystallizes in
a confused mass of acicular crystals. It has a penetrating
taste like nitre, and is very deliquescent. When the dry
mass is heated it takes fire, and burns with a weak blue
flame. Hypo-suLpHATE oF Porasn crystallizes in eylin-
drical prisms, terminated by a plane perpendicular to the
axis : it has the property of dissolving chloride of silver.
ProspaATE oF PorasH can, according to Dr Thomson,
be obtained in octohedral crystals, but usually forms a
gelatinous mass, which attracts humidity from the atmo-
sphere: its taste is saline, with a degree of sweetishness.
Exposed to heat it liquefies, and after the expulsion of the
water is fused by a red heat into a glass. Dr Thomson
states that three definite compounds may be formed of
phosphoric acid and potash ; the neutral, consisting of an
atom of acid, and one of base; the sub-phosphate com-
posed of one atom of acid, and two of base; and the bi-
phosphate containing one of base and two of acid. Pros-
pHITE oF PorasH is formed by saturating phosphorous
acid with potash. It is a mneutral salt, very soluble in
water, and crystallizes in four-sided prisms. Itintumesces
before the blowpipe with a phosphorescent light. Hy-
PO-PHOSPHITE oF PorTAsH is very soluble in water, and

more deliquescent even than the muriate of lime; it is
also soluble in alcohol.
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tinguish it. 'When freed from the oily matter which ad-
heres to it at its first sublimation, it is white, and crystal-
lizes in four-sided rhomboidal plates; its taste is sour,
and it reddens infusion of litmus ; it is soluble in 24 parts
of water at 60, and is also soluble in alcohol. It is vola-
tile and inflammable. Like the other vegetable acids, it
consists of carbon, oxygen, and hydrogen. According to
Berzelius and Thomson, the proportions are four atoms
of carbon, 24, three of oxygen, 24, and two of hydrogen,
2; its equivalent is therefore 50. This, however, is ex-
actly the constitution of acetic acid, a circumstance which
throws doubt on the analysis. It has been indeed suppo-
sed, that bodies may combine in the same proportions,
and yet form different compounds from a different ar-
rangement of the atoms; and the instances of the varie-
ties of olefiant gas, (vol. i, p. 616,) and of the fulminic
and cyanic acids, have been adduced in support of this
hypothesis. The differences in the properties of the va-
rieties of olefiant gas are however obviously attributable
to the difference of condensation; and with regard to the
fulminic acid, it is not certain that it can exist insulated,
and without a metallic ingredient. These examples, then
prove little in favour of the hypothesis, and it possesses,
in other respects, little probability.

Succinic acid combines with the alkalis, earths, and me-
tallic oxides, but these combinations present no important
results, The succinate of iron is insoluble; hence this
acid is employed in the state of succinate of ammenia as
a test of iron, and as a re-agent by which substances may
be freed from it. It is also used to discriminate between
magnesia and alumina, the succinate of magnesia being
soluble, while that of alumina is insoluble, and is there-
fore precipitated.

MeLuite, or Honey-stone, is connected with the bitu-
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afterwards admitted, and attempted to be accounted for, by the
supposed operation of a new gas, a compound of oxymuriatic gas
and carbonic oxide, called the chloro-carbonous acid, which, de-
composing water, forms muriatic and carbonic acids.

With regard to the experiment with the muriate of ammonia, it
was at first asserted, that it does not yield the most minute trace
of water, unless it has been previously exposed to the atmosphere,
from which it was supposed to attract moisture. I showed, by di-
versified experiments, that the salt absorbs no moisture from the
air in the common state of dryness and temperature in which the
experiment was performed. A portion of the salt, formed by the
union of the two gases, was exposed to the air in the scale of a ba-
lance ; at the end of fifteen minutes it had not increased in weight
by the smallest quantity, though exposed in a thin layer to the air;
and at the end of an hour, it had only gained an increase of a quar-
ter of a grain, not equal to one-fourth of the water which it yields
by heat. At the end of two hours, its increase of weight was alto-
gether only half a grain ; and in the course of two days, it did not
appear to grow any heavier ; and in another experiment, the salt
gained no increase of weight whatever. I also showed, that it did
not afford water in larger quantity when it had been exposed to the
air in the freest manner, than when it had been excluded from the
air. Likewise, that when, by the application of heat, a portion of
water was driven off from it, and condensed in globules in the neck
of the retort, this water was not re-absorbed by the salt inclosed
with it, though the retort was allowed to stand for twenty-four hours.
Lastly, it was shewn, that when the salt was heated without the air
being admitted at all, water is obtained from it, though, from the
circumstances attending this mode of conducting the experiment
being unfavourable to the expulsion of the water, the quantity is
rather less than what is procured in the other mode, (Nicholson's
Journal, vol. xxxii. p. 185, xxxiv. p. 264.) It was at length ad-
mitted, that water is produced in small quantity, even when the
air has been excluded ; but it was then supposed, that this must
have existed in the state of hygrometric vapour in the gases, how-
ever carefully they were dried, the ammonia, by exposure to the
action of potash, and the muriatic acid by being confined with mu-
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ter was procured by the effect of the higher temperature thus fa-
vourably applied. ;

Dr Ure afterwards performed the experiment by subliming sal-
ammonihe over ignited metals in a tube, and with the same result
of a production of water. The only objection that could be made
to this experiment was, that the common sal-ammoniac was em-
ployed, and not that formed by the combination of the dried gases.
I repeated it with the salt thus prepared from the union of the two
gases previously carefully dried, and with a similar result.

I afterwards repeated the original experiment, that of obtaining
water from the salt by heat alone, with the variation of conducting
it in an apparatus on the principle of the Cryophorus of Dr Wol-
laston. A retort in which the dry gases were combined was con-
nected with a similar retort, the joining being secured by cement ;
the former retort, containing the salt, was heated in oil to 420°, and
the other surrounded with a freezing mixture ; the latter, at the end
of the experiment was found incrusted with a film of ice.

In these experiments a considerable portion of water was thus
obtained. It occurred to me that muriatic acid, in its gaseous
form, might be employed in a similar manner. I accordingly found,
in a series of experiments, executed in various modes, that when
muriatic acid gas, previously thoroughly dried by exposure to mu-
riate of lime, is transmitted over ignited iron-filings, or is heated
in a retort, from which the air is excluded, with iron or zine, a
portion of water is obtained. The quantity of this water was esti.
mated to amount to about the fifth of the whole quantity of com-
bined water which muriatic acid is calculated to contain, ( Trans-
actions of the Royal Society of Edinburgh, vol. viii. p- 287.) Al
the circumstances of these experiments tended to preclude any of
the suppositions of the presence of hygrometric vapour, or other
external sources from which the water, procured in former experi-
ments, was imagined to proceed. No arrangement could be sup-
posed better adapted to prove, that any deposition of water must
be by separation from its existence in the gas in a combined state,

But while these results are subversive of the new d::mtrine, they
seem to present a difficulty not easily explained even by the old
theory. The combined water of the muriatic acid gas must, of
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muriatic acid is obtained from black oxide of manganese and muria-
tic acid, or to that in which oxygen gas is obtained from its solu-
tion, the most direct inference certainly is, that oxymuriatic acid
is a compound of muriatic acid and oxygen: but in applying this
doetrine to other instances, as to that of the direct union of oxy-
muriatic acid and hydrogen, it is necessary to assume that some
changes happen, of which there is not any independent proof, such
as the deposition or the formation of water. If, on the other hand,
we look only to the experiment of the mutual action of oxymuriatic
acid and hydrogen, the most direct conclusion is, that they simply
combine ; but in extending this theory, it is in a great number of
instances necessary to assume the decomposition and recomposition
of water, and other changes, for which there is not the slightest,
evidence. These suppositions are not always required in the two
systems in relation to the same fact ; but still, where an hypothesis
is required in the one, a corresponding hypothesis will in general
be required in some part of the other. They occur even more fre-
quently on the new doctrine, particularly in its application to the
salts of muriatic acid, which are conceived to undergo the most
complete changes on the addition or abstraction of water without
the smallest indication of the occurrence of such changes being dis-
cernible, 'When solutions of protonitrate of mercury and muriate
of soda, for instance, are mixed together, nitrate of soda and calo-
mel, it is known, are formed ; by all the usual rules of inference
from the decompositions of neutral salts, we should conclude, that
the acids had exchanged bases,—that the nitric acid had united with
the soda, and the muriatic acid with the protoxide of mercury ;
but the inference is very different on the new view, that the mu-
riatic acid and oxide of mercury have decomposed each other, and
that a metallic chloride is formed, in no respect analogous to a salt :
Is there nothing hypothetical in this explanation ? Are the changes
supposed to happen in this instance apparent, or are they simi-
Jar to what happen in other cases ? Still, it is not denied that there
are also various explanations of facts in the old view which are
not supported by any actual proof. Such being the case, it is a
mere suphism to select those parts of the one doctrine in which
the induction appears direct, to affirm that these demonstrate the








































































































































































