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CHEMISTRY.

i

“THE CHEMICAL HISTORY OF BODIES.

INTRODUCTION.

HAVING acquired some knowledge of the genera’i
-effects of heat and mixture, the great chemical agents in
-nature, you are enabled to understand the more particular
doctrines of chemistry. These comprehend the descrip-
tion of all the great classes of natural substances, and the
peculiarities which are observed in the effects of heat and
mixture upon each ; which peculiarities serve as distin-
guishing characters of each, ascertaining what may be
called their chemical nature, qualities, and powers. * It is
thus that we are able to distinguish gold from lead. The
first bears the most intense heat of our furnaces, and the
action of air, while thus subjected to heat, without any

“‘change in its qualities ; whereas the same treatment will

quickly change the lead into dross or glass. These pecu-
liarities, being comstant and uniform, give us certain
~marks of distinction, and also enable us to employ both
substances for ‘very interesting purposes.
If the peculiar effects of heat and mixture on an indi-
vidual body be altogether.peculiar to itself, the study of
them would be endgsss But there are certain classes of
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natl\xrzn ;ubstances, on which these agents produce effects
0 similar, that une of them may be taken as the represen-
tativg of all the rest. Philosophers have taken much
: pains to class the substances that we see around us, by
means of those resemblances in the effects of heat and
mixture that have been observed ; and have thus obtained a
chemital arrangement of natural substances, which makes
the study of their properties much more expeditious and
comprehensive,

In thinking on a proper method, the one which occurs
the most readily, and which appears at first sight the most
proper, is to begin with an account of the elements, of
elementary kinds of matter, of which all things are com- -
posed ; and, after explaining the powers and properties
of those elementary substances, to shew how, by their
various combinations with one another, they give rise to
the varions productions of nature. nd, that there is
some foundation for thinking of such an order or system,
is sufficiently plain. It is evident that there are in reality
certain elements, or elementary substances, which are few
in number, and of such a nature as to be exempted from
decay or change, but capable of being variously compound-
ed together, and separated again, so as to give origin to
the productions which we see daily arise, and to the per-
petual changes of one form or state of matter into ano-
ther.

This is evident from the constant regularity and general
aniformity 6f the productions of nature. There is a cer-
tain succession and rotation of forms which the same hiat-
ter undergoes, and through which it has repeatedly passed,
with regularity, from the beginning, or from the earliest
account of time, of which we have any knowledge. At
least, any g¢xamples of irregularity that occur are so incon-
siderable in number, that they may be overlooked. The
water arises in vapours from the ocean, chiefly to form
the clouds; these again descend upon the dry land in
rain, which, penetrating the soil, occasions and supports
the vegetation of plants.  The greater number of plants
serve for the nourishment of animals; all of which, with
the remaining plants, are dissolved again at last, and
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SPECULATIONS ABOUT ELEMENTS. 5

return to the ¢lementary substances from which they were
originally compased, and from which similar plants and
animals are to be produced.

This rotation has continued from the earliest accounts
of time, in the most steady and regular manner. The
productions of nature have not only succeeded one ano-
ther in the same general order; but have been from the
beginning, so far as our knowledge reaches, invariably the
same. An oak of the present time has the same general
nature, and the same properties, as those of all other oaks
that have ever existed. We find the same texture in its
wood and bark ; a similar disposition in general in the
root and branches; the leaves have the same form ; the
juices the same astringent power; the fruit is moulded
to the same form of an acorn, and has the same invaria-
ble property of never producing any other tree than an
oak.

All this shews that the elements of bodies are perma-
nent and unchangeable. . Had they been liable to any
gradual change or decay, the oaks of the present times,
composed of those changed materials, would not be found
to have the same qualities as the oaks of remote ages:
and the order and course of nature, as well as the qualities
of her productions, would have been undergoing a gradual
change, which, so far as our knowledge reaches, has not
actually taken place.

Such obvious reflections on the course of nature have, in
the éarliest ages of philosophy of which we have any ac-
counts, suggested the supposition of a certain number of
unchangeable elements, of which it was imagined all things
were composed, and on the successive separations and re-
unions of which, depended the decay and %‘eproduction of
. the objects which nature presents to our view. This was

the meaning of the opinion ascribed to Democritus,
That all things were formed of atoms. And others of the
' Greeks, in consequence probably of their intercourse with
the Egyptian philosophers, began to form and teach a sys-
tem upon this subject. They assigned four elements, or
clementary kinds of matter, viz. fire, or the matter of fire,
air, water, and eagh, And by the diffefent combinations
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of those elements, they supposed that all the different bo-
dies in nature were formed.

These four supposed elements were accordingly con-
sidered, until very lately, as the primary elements of na-
tural bodies ; insomuch, that Mr. Macquer, in his System
of Chemistry, thought it proper to begin by treating these
four kinds of matter as elementary ; and endeavoured to
explain the nature and qualities of some of the productions
of nature, which he first describes by assigning the number
of these elements which he imagined entered into their
composition. But it appears from the sequel, that he was
not fortunate, nor sufficiently considerate, in choosing this
method.

In the first place, chemistry gave, at that time, too little
light into this subject, to enable him to form a system of
this kind with any degree of assurance. On the contrary,
there were many reasons for doubting, even at that time,
that these four supposed elements were in reality simple,
clementary, and unchangeable substances; and now, we
have direct evidence from experiments, that most of them
are not. :

Atmospheric air has been demonstrated to be a com-
pound mass of more than two or three different kinds of
matter.

Water is also believed now to be a compound body.

And of the purést and most simple earthy matter, six
or more different kinds are now reckoned, which we cannot
reduce to greater simplicity by our operations.

The truth is, that our knowledge of nature is not yet
brought to that state of advancement, which might enable
us to follow, with propriety, an order of this kind. We
have advanced a considerable way in our analysis of many
different substances. ‘But our knowledge of their compo-
sition and origin is far too imperfect, to give solid foun-
dation for an attempt to arrange them, or 0 explain their
different qualities, by beginning from their ultimate ele.
mentary principles. We should certainly be in danger of
#alling into many errors and mistakes by such an attempt.

~ Toavoid this, thérefore, I do not pre..nd to determine
what are the ultimate elements' of bodies. I content myself

" g
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CONVENIENT ARRANGEMENT. z

with distinguishing and dividing the -principal objects of

chemistry into a number of classes, €ach of which compre-’
hends substances that bear a remarkable resemblance or
analogy to one another, in their chemical properties, and
differ from those comprehended in the other classes. And
I offer these classes to your consideration in what appears’
to me to be the most convenient order;....I mean the order
in which'the most independent, and I may say elementary
facts, are first stated; and the rest are described after-
wards, in that succession and order in which they can be
explained and understood, by the knowledge of. the facts
and doctrines that have been stated before them.

An attempt to form classes, or assemblages, of the

“objects of chemistry, was made long since by the elder
chemists, and their classes were three in number. They
chose to give them the title of kingdoms. The ﬁrst com-
prehended. all animals and animal substances ; the second
the vegetables ; and the third fossils. These assemblages
may appear at the first view to have some foundation in
reason, but they are in fact very improper. They bring
together a great number of objects, which have no simi-
larity in their chemical properties, and they separate others,.
which, being similar, or the same in a chemical view of
them, ought certainly to be assembled and considered to-
gether. ‘

In the arrangement which has prevailed for some time
past ameng the chemists, and which I have found to be the
most suitable to our purpose, the objects of chemistry are
distingbished into five classes, which are, 1st, The Salts ;
2dly, The Earths ; 3dly, The Inflammable Substances ; 4thly,
The Metals ; and 5thly, The Waters.

These classes take in a great part of the materials of
which the animal and vegetable substances are composed.
But yet there are some of these materials that do not, on

. a first consideration, easily find a place in any of these
. classes. And beside this, the animal and vegetable sub-
stances are compounded in such a particular manner, that
they have some chemical qualities peculiar to themselves
on that account . _.ne. %, For these reasons, it is proper and

. «
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8 OF CHEMICAL SUBSTANCES.

necessary to take a chemical view of the vegetable and
animal substances, after the five classes already mentioned
have been considered : and this shall accordingly be done
in the end of this course.

N. B. It may perhaps be thought that we shall be guilty
of an omission, if we do not constitute a class of AIRs Or
GASES, as they are now named. But thereis no necessity
for constituting such a class, and even the propriety of it
may be called in question.

These gases are acknowledged to be various kinds of
matter, combined with latent heat, or the matter of heat,
the calorigue of the French chemists. And why should
substances of such very different natures be assembled into
one class ! For this reason alone, that they were combined
with latent heat, and thereby reduced to a form or condi-
tion, to which many other bodies can be reduced by it.
We might as well think of classifying the objects of che-
mistry into those that are hot and those that are cold, or
into those that are solid and those that are fluid, which
would be very improper, when it is in our power to make
the same body hot or cold, or solid or fluid. It must be
confessed that we have not been able hitherto to'deprive
some of the gases of their latent heat, and to reduce them
to a condensed state, without combining them with other
matter ; but this is certainly in our power with regard to
others ; and means may possibly hereafter be discovered
for condensing them all,  But whether this should succeed
or not, there is no reason for assembling into one class sub-
stances, which are, in fact, more dissimilar in their che-
mical properties than any substances that we know ; and
resemble each other only in a quality, almost purely me-
chanical (their elastic fluidity) merely because they derive
this aérial form from heat combined in them.

But, although it appears improper to form such a class,
I do not mean to leave these substances unnoticed. Very
convenient opportunities will occur during this course for
bringing them into.view, and I shall not fail to make you
thoroughly acquainted with them all.  (“See Note 26, at the
end of this Volume.)

o




SALTS. 9

In prosecution, therefore, of the arrangement that [
mentioned as peculiarly convenient, I begin with the con-
sideration of cLAss FIRST.

CLASS 1.

SALTS.

THIS class is placed first because the knowledge of
their properties, both general and particular, is almost in«
dispensably necessary for the investigation of the interest-
ing properties of all other substances. They stand in very
interesting relation to every chemical substance; and thus
are considered as the most general agents in the way of
mixture. This, of itself, raises a surmise that they are
of avery simple nature, and nearly allied to the elements
of which all are composed. This has been a very current
opinion and has been supported by specious arguments.
But I apprehend, that before we have gone over the five
classes of our arrangement, we shall find the proofs be-
coming very weak indeed.

In describing the salts, I shall first enumerate the quali-
ties common to them all, and afterwards take a nearer view
of their several kinds. Moreover, as, in defining chem-
istry, I said that it is the study of the effects of heat and
mixture on all bodies; so, in enumerating the chemical
qualities of salts, and, indeed, of all-bodies of whatever
~ class, I shall first describe the effects of heat on them, and
afterwards, the consequences of mixing them with one

VOL, IT. w %
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10 SALTS.

another, and with other bodies. Moreover, in doing this,
I subject myself to a rule which I shall endeavour to follow,
with all reasonable strictness, through the whole of. this
course, namely, that while I am treating any particular
substance, or class of substances in the way of mixture, I
shall mix them with those others only which have been al-
ready described. If I cannot rigidly abide by this rule
on e'very occasion, I shall be careful to consider the mix-
ture with substances which are as far known to you as the
argument proposed by the mixture may require. No
quality of the other substance shall be employed in the ar-
gument, but such as is known with the fullest evidence,
and understood, as far as I shall employ it in argument.
The result of this caution on my part, will, indeed, be a
slower progress than may be acceptable to some impatient
minds: but the knowledge which we shall acquire will be
more confident and satisfactory. Sir Isaac Newton said toa
celebrated foreigner, who was complimenting him on his
wonderful discoveries, and the greatness of his genius,
which was able to comprehend such vast objects ¢ Indeed,
¢ Sir, you areelm a mistake on both points. The objects
‘“ are, indeed, vast and magnificent; and therefore I made
% a choice fortunate for my reputation. But they are
“ comprehensible by the most ordinary genius, if he will !
¢ take my method,....never to hurry. ' If I have any ad- .
¢ vantages over other naturalists, it s orly in a more
¢ patient thinking, in which I perhaps exceed many‘of
“them. To this [ am indebted for all my success.” Let
us imitate the patience of this great man, and hope that we
shall have some portion of his success. i

In compliance, therefore, with my rule, in the conside-
ration of the saline substances, I shall, at present, take no-
tice of such qualities only as they manifest in mixture with
water, and with one another, deferring the effects of mix-
ing them with earths, metals, and other bodies, tilt we
consider those classes themselves.




o et AT

i1

OF SALTS IN GENERAL.

In the definition which is commonly given of a sakt, an
attempt is made to enumerate the qualities by which salts
are known to agree with one another, and to differ from
other classes of the objects of chemistry.

Thus, the salts, in general, are said to be substances
castly melted, or volatilized by heat, soluble in water, not in-
flammable, and sapid, or, when applied to the tongue, pro-
ducing the sensation of taste.

Some objections may be offered to this definition ; but it
is impossible to contrive a definition of them that will be
free from all objections : and the same difficulty occurs in
attempting to define any other assemblage or class of the
productions of nature. ~ There are, in reality, no classes in
nature distinctly defined ; the productions of nature are so
very numerous, and so much diversified, and there is such
a gradation throughout the whole, from one to another,
that it-has been found impossible to arrange them into
classes precisely limited, and liable to no exceptions.

I shall not, therefore, be anxious to give an unexception-
able definition of the salts. I hope to give you better infor-
mation of them, by entering into their history, and by enu-
merating their qualities. '

The most pure state in which we can exhibit the salts,
or the state under which they are the most free from ad-
mixture with all other matter that is not salt, is the form
of a white, hard, brittle mass, more or less transparent, and,
in some cases, perfectly transparent.

The effect of heat on salts is first to produce fusion, with
an appearance like white wax. All the salts can be melted
in this manner, but they require very different heats to
their fusion. Most of them require different degrees of
red heat. When cooled, they return to their former state:
and it is only by fusion that they are brought to that now
described. )
~ Salts can also be made to assume the form of vapour,
by heats under our command. But they differ still more

_ widely with respéct'tg the force of heat necessary to pro-

*



12 SOLUTION OF SALTS IN WATER.

duce this effect. Some require the most violent heats that
we can raise. Others are so volatile that they are disposed
to assume the form of vapour even in the ordinary heats
of the air. Their differences in this respect shall be men-
tioned when we are describing the different kinds of the
salts. And this is all we can say in general of the manner in
which salts are affected by heat. :

In relating the effects of mixture upon salts, we can only
mention at present the effects of mixing them with water,
and some of those produced by mixture with one another.
Water is the only body which, in the way of mixture,
produces effects upon salts that can be considered as
general, or which are similar in a certain degree on all
the different salts. And one of these effects has been
mentioned already in defining salts, when we said they are
bodies soluble in water. '

All saline substances, when thrown into water, dissolve
in it more or less readily. - This is so well known and
familiar a property of all salts, that it is inseparably con-
nected with the idea of salt in the mind of a chemist.

There is therefore an attraction between water and salts,
a disposition to combine by chemical union. The only
difference of salts from one another in this respect, is in
the force of this attraction, which is very different in the
different salts.  It/s in some so powerful, that they attract
the humidity which is contained in an imperceptible state
in common atmospherical air, and are dissolved by that
humidity into a liquid. Such salts, therefore, are called
deliquescent salts, as I remarked formerly: and it requires
the utmost care to keep them in the solid form. They
must be kept in vessels very accurately closed.

When we dissolve a salt in water, we have an opportunity
of observing several phenomena : ; i

1. The first which occurs, is the separation of part of
the air which the water contains, and that-which generally
adheres to the salt. © The moment the salt dissolves in the
water, this fluid appears white or turbid. . And when we
examine the cause, we find numerous little bubbles of By
which in a short time rise to the top, and then the solution

" becomes transparent. This is an example of elective at.




PHENOMENA OF SALINE SOLUTIONS. 13

traction or separation of two bodies by méans of a third.
(See Note, 27, at the end of the Volume.) This separation
of the air from the water is more sudden and violent, if the
water be made boiling hot before the salt is added ; a vio-
lent momentary ebullition takes place, almost like an
explosion.

2. A second particular observable when we dissolve a
salt in water, is,that the sensible heat of the mixture under-
goes some change. In the greatest number of cases, the
mixture becomes colder than the materials were before:
but, in some cases, it becomes warmer. Even the same
salt, added in different states to water, will increase the
sensible heat of the water at one time, and diminish it at
another.

The late Dr. Irvine supposed that the capacity of the
mixture for heat is changed; and it appears to be so from
some late experiments¥*.

3. A third particular which comes under our observa-
tion in dissolving salt, is, that the more we dissolve in the
water, the more slowly it dissolves the further additions of
salt, until a certain quantity has been added; after which
it dissolves no more. The water is then said to be satu-
rated; and the solution is called a saturated solution. But
this proportion of salt, which saturates water, is found to
be very different, when we make the experiment, either
with salts of different kinds, or with water of different de-
grees of heat. In trying the different salts, we find that
each of them differs from almost every other. Some re-
quire twenty times their weight, or more, of the water, to
dissolve them ; while others are so soluable, as to dissolve

* The experiments on this subject were, in general, in this form : the heat
required for changing the temperature of tlie materials one degree, was
ascertained ; as also the heat necessary for changing that of the mixture.
In several cases, the last was found greater or less than’ the sum of the
two others, according as the mixture produced cold or heat. Hence Dr.
Irvine was induced to confide more in the truth of his general principle.
But Mr. Gadolin, and afterwards Lavoisier, and De la Place, shewed that
there was no steady connection between those phenomena, the exceptions
being equally numerous, if not more so; and the phenomena appear, as yet,
altogether, apomalous. EDITOR.



14 SOLUBILITY VARIES WITH THE HEAT.

perfectly in less than an equal weight. And the greater
number of those very soluble salts shew, by other particu-~
lars, that they have a stronger attraction for water than
other salts. Such salts attract it from moist air, and run
per deliguiumn, becoming perfectly fluid, with a very small
quantity of water. Moreover, these salts, without excep-
tion, retain the water, more strongly than others, when we
attempt to separate it by heat. The other salts, which are
less soluble, or require much water, are not liable to deli-
quescence, and are more easily deprived of it by heat.
But the solubility of most salts is greatly affected also by
the heat of the water.

This is a curious subject, and the intimate knowledge of
it requires, and leads to very nice speculations concern-
ing the manner of chemical action. But I find that it will
be long before we can safely proceed in this way. It is
better for us to be contented with accurate and extensive
observation of the facts. It will be no mean service to the
chemist, to state, in a number of important cases, the pro-
portion in which water dissolves salt at different tempera-
tures. You will find a considerable collection of this kind
by a Mr. Pfachler, in Rozier’s Journal for 1775, and occa-
sional observations by almost every chemical writer.

The most simple and unexceptionable form of the expe-
riment is to throw into cold water a greater quantity of
salt than it can-dissolve. Having made a saturated solu-
tion in that temperature, pour it off into a vessel, in which
it may be made warmer to any degree. Pour into this
solution more salt than it can dissolve in that temperature;
and pour off the saturated solution, to be treated in the
same manner at a higher temperature, and so on. Having
noted the quantity of these solutions, (by weight) and
knowing the strength of brines of different weights, we
obtain the degrees of solubility corresponding to different
temperatures. The difference in some salts is very great,
A salt, which you will afterwards know by the name of S.
de Seignette, requires an ounce of water, of the tempera-
ture of 50° to dissolve 37 grains. But an ounce of boiling
hot water dissolves 640 grains, nearly 18 times as much as
the cold water. Nitre is about 7 times more soluble in
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boiling water, than at 50° : Glauber’s salt is about 3} times:
green vitriol is about 8 times, &c. &c.

My friend Dr. Hutton engaged in a series of experi-
ments of this kind, and conducted them in the form I have
been describing. He did not content himself with trials
‘in two extreme temperatures, but took three or four for
each salt. This showed him that the progress of solubility
was not equable in any salt, but that, in most of them, the
solubility increased faster than the temperature : for, when
he took a temperature half way between the two extremes,
he found that the difference between the quantities of salt
dissolved in the hottest water, and in that of mean temper-
ature, was generally greater than the difference between
this last and the coldest solution.

Hence it followed, that the salt contained in a pint of
the hottest, and a pint of the coldest, was more than was
contained in two pints of the mean temperature, (all three
being saturated solutipns); and, therefore, if the two ex-
treme solutions were mixed, the mixture should not be
able to keep the salt dissolved. He found, accordingly,
that it did not, but made an instantaneous, and, some-
times, a copious precipitation. He also observed consid-
erable deviations from the temperature which he expected
on mixture. Itwere to be wished that he had prosecuted
these curious experiments ; for this general law which he
observed is a curious and important one. But his atten-
tion was called off by a most important consequence which
he deduced from it, namely, if the solubility of water in
air observes such a law, it follows, that two saturated
strata of air, of different temperatures, cannot mix with-
out precipitation. On this he has founded his Theory of
Rain ; a theory which explains some of the greater changes
in our atmosphere more perspicuously than any I know.
G S'ee_ note 28, at the end of the volume. )

This observation holds true with respect to most salts,
Perhaps there is only one which we can say is an excep-
.. tion, viz. Common Salt. Macquer says that all deliques-
- cent salts are exceptions; but this is not just. Besides,
it is not easy to determine what salts are deliquescent, and
- what not.
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From some of the particulars already stated, as obser-
vable in dissolving the salts, you will perceive the foundas
.tion of an opinion of Sir Isaac Newton concerning those
solutions. He supposed that the particles of a salt dis-
solved in water are equidistant from one another through
the whole of the water, and, therefore, arranged in a regu~
lar order, or, as he expresses it, in fank and file. This
arrangement is, in reality, a necessary consequence of
some of the particulars we observed in the action of water
upon salt. We find that water has a stronger attraction
for salt, in proportion as it is purer, or contains less salt ;
for, in proportion to the quantity of salt it already contains,
it dissolvesfurther additionsof salt the more slowly. This is
all the proof that we can desire, that it is acting upon them
with a weaker attraction, or dissolving power, until it have
dissolved a certain quantity, after which it cannot dissolve
any more. It is, therefore, evident, that if, in a solution
of salt, any part of the water contain less salt than the rest,
that part must have a stronger attraction, and must draw
some particles of salt from the others into itself, until the
salt be distributed through the whole with the mest exact
equality and regularity ; and the particles of it are, there-
fore, equidistant throughout the liquor.

When we examine t_hc solidity of this r'eason'mg by an
experiment, we have the pleasure to find facts agree ex-
actly with the theory ; for, however unequally the salt be
distributed in the liquor at first, it is sure to spread from.
the parts which contain most, to those which contain less,
until it is equally diffused through the whole.

But it is proper, however, to observe on this occasion,
that when the liquor is preserved from external disturb-
ance, this progress of the saline particles through it is
excessively slow. This is the proof of the assumptions
on the other side, namely, that an internal motion is neces-
sary. It requires so long a time, that an impatient and
inconsiderate observer will perhaps conclude that it does
not take place. * But itis easy to explain why it réequires so
much time. There are two causes of this : 15z, the weight
of the saline particles, which are heavier than those of the
water, generally about twice as heavy ; and, 2dly, the very
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small distance to which chemical attraction reaches round
the particles of bodies. You will perceive the effect of
these two causes, if you consider with a little attention
what must necessarily happen, in a solution in which the
salt is unequally distributed through the water. ‘Let us
suppose, for example, that I put into a glass a certain
quantity of a saturated solution of salt, and a quantity of
pure water, without mixing them together by agitation,
which will be best done by introducing the saturated solu-
tion under the water, by means of a funnel and pipe reach-
ing to the bottom of the glass ;...the solution being poured
slowly into the funnel, will rise quietly under the water,
and they will be separated by a surface perfectly even.
The solution of a deep-coloured and heavy salt is the best
for this purpose. Blue vitriol answers very well. It must
immediately happen, that the lowest part of the pure water,
which is in contact with the upper surface of the solution,
while it draws up some particles of salt out of that upper
surface, must form an horizontal stratum, or layer of fluid,
which will be less salt than the saturated solution, and
which will be interposed between it and the pure water.
No sooner does this take place, than the lowest part of
this stratum will draw up more salt from the saturated
solution upon which it lies; while at the same time, the
pure water will draw up some salt out of the upper sur-
face of the stratum. And thus innumerable strata will be
produced within a very small space, and in a very short
time,...all lying between the pure water and the saturated
solution ; the lowest of which will contain less salt than the
saturated solution, and each of the rest less than the one
immediately below it. But when matters are in this condi-
tion, every two contiguous strata, which (on account of the
e\tremely small distance to which chemical attraction
reaches) are the only ones that can act on one another,
must act with an extremely weak force. The upper one
must draw salt from the one under it very weakly, for this
reason, that they differ very little from one another in salt-
ness, and therefore in attraction for salt. And, for the
same reason, the pure water above will have but a weak
power to draw the salt up from the uppermost and most

VOL. 1. a



18 PROGRESS OF SOLUTION EXPLAINED

diluted stratum. And now, if we consider that the par-
ticles of the salt are heavier than those of the water, it is
easy to conceive how their gravitation, together with the
resistance they must meet with in moving through the
fluid, must almost counterbalance” the force with which
they are drawn up, so as to render the motion excessively
slow.

The slowness with which the equal diffusion of a salt in
water is performed, when left to itself, is therefore evi-
dently a necessary consequence of the very small and im- .
perceptible distance to which chemical attraction reaches,
and also of the greater weight or gravitation of the salt
than of the water®. And Ithought itwasworth while to give
a clear view of the matter, once for all, that you may un-
derstand better how to make solutions of salts, for different
purposes, and the ne¢essity of employing mechanical agita-
tion to promote the equal distribution of the salts through
the whole of the water, in a moderate time. In some
of the arts, great mistakes have been committed some-
times, in conscquence of the ignorance of this necessity.
In the bleaching of linen, for example, and some other arts,
the vitriolic acid is employed in part of the process, very
largely diluted with water. A careless workman may think
it enough to pour in the proper quantity of acid, not recol-
lecting that its great weight will keep it at the bottom, and
that if it be not stirred briskly about, it may be long ere it
be equably diffused through the water. When goods are

* It is, indeed, the clearest proof of the nature of chemical action, and of
the very small distance to which it extends. It shews that it does extend to
some distance, otherwise there would be nothing to move a particle out of
its place. However $trongly particles attract one another in absolute con- :
tact, this may cause them to cohere, but will never move a quiescent icl
out of its place. I must at the same time observe, that some sol p?"
saline substances manifest an inequality in their saturation, even afte&ﬁ,
have reason to think them perfectly uniform. When a strong solution of s :
ammoniac, or of saccharum saturni, has been made perfectly uniform by agi'.
tation, it becomes uncqual, in a small dégrec, by long keeping, the lower strata
containing more salt than the upper. It is accompanied by a very curious
circumstance. If the solution be poured into a hollow glass prism, having
the angle downwards, and it be allowed to remain undistutbed for some
months, it acquires a double refraction, like roek crystul ... zp1Tor.
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put in to be soured, they get into this very acid and cor-
rosive part of the liquor, and are frequently eaten into
holes by it.

Remember, therefore, when you dissolve or dilute salts
in water, to quicken the equal distribution of the salt by
agitation: and be assured, that if there be enough of water,
the salt will remain for ever after equally diffused through-
out the whole.

It is somewhat surprising that the solutions of many
salts begin to boil with a less heat than pure water does.
But they soon rise to a temperature considerably above
that of boiling water, and nearly the same in them all. I ob-
serve that this first boiling'is sudden and transitory; so that
I think it prebable that it is the disengagement of air which
adhered to the salt. I observe, that on plour'mg boiling
water on a solution of salt, or throwing salt into boiling
water, there is a sudden puff of cbullmon like an explo-
sion.

Most of the salts may be separated from water by eva-
poration, bécause the greater number are much less vola-
tile than water, and do not adhere with such great force as
greatly to diminish the volatility of the water.

But this -evaporation- may be conducted in two ways,
eithgr briskly and uniuterrupted, till all the water is
dissipated ; or partially, and by repeated operations. The
consequence of the first method is, that the salt remains,
forming a white mass like chalk, or hardened lime-mor-
tar, adhering more or less to the vessel in which the eva-
ration was performed.

This is called EvAPORATION To DRYNESsS; and is at-
tended, in most cases, with the loss of some of the salt,
. which evaporates with the water, in consequence of their
mutual atiraction.

But the second method is that which is commonly fol-
lowed, at least with regard to a number of salts which are
prepared in large quantities for sale, such as Glauber’s salt,
saltpetie, alum, vitriol, and othets. And the consequence
of this method of proceeding is, that the salt is obtained
in a different form. This method consists in‘evaporating
a solution to a certain degree, so that though the water

'
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which remains is still sufficient to retain all the salt dis-
solved, as long as it is kept warm over a fire;; 1t is too lit-‘
tle, however, to retain it all dissolved when itis cold. 1If
it be taken off, therefore, and qllowed to cool, a part of the
salt must, and does scparate.

A salt deposited in water in this manner is alway$ for-
med into angular masses, having polished surfaces, more
or less of a regular figure, and transparent. These masses
are called CrysTALs, from their resemblance to the natu-
ral stones of that name. And one of the most curious
particulars belonging to this subject is, that each distinct -
species of salt has a figure of its own, which it affects in
its crystals, not always with exact regularity, but with such
a degree of it, that, upon the whole, a person well accus-
tomed to view the crystals of different salts, will in most
cases be able to tell, by the figure and appearance of the
saline crystals, from what salt they were produced Ne-
vertheless, a judgment formed in this way is far from being
so sure as has been imagined.

This method of separating salts from water is called
CRYSTALLIZATION, from its effect: And as it is practised
often, you will find in books several directions for perform-
Ing it right. But it is difficult to give any that will suit
all the different kinds of salts; as they require different
conduct. The common direction is to evaporate To A PEL-
LICLE; that is, till the surface of the solution exhibits a
thin film. which glistens when viewed obliquely ; and, when
narrowly examined, is found to consist of minute crystals.
It is formed on the surface, because the genie evapora-
tion goes on there. But if yeu proceed so far with the
evaporation, few of them will crystallize right; as too lit-
tle water will remain, too much salt will be deposited, and
the crystals will be smazll and confused, In general, it is
usual to filtrate the solution, ifitbe foul ; because a parti-
cle of solid matter any where in the fluid, becomes a cen-
‘tre of crystallization, (as may be obsu\cd in the threads

“hung in syrop for the manufacture of sugar -candy) and this
happening all over a solution that is foul, mak=s the crystals
small and confused. We must then evaporate it to a mo-

derate degree, cool it slowly, and avoid disturbance; and,
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pouring off the liquid, we repeat the same operation on it.
Those who prepare very large quantities of particular salts
for sale, as Glauber’s salt, saltpetre, &c. have better, or at
least larger, crystals, on account of the large quantity, and
slow refrigeration, than can easily be obtained frem small
quantities in the way of experiment.

But some of the salts do not afford good crystals by this
method, and agree better with an uninterrupted, but slow
and insensible evaporation, with a heat like that of the
human body, or with a spontaneous evaporation, merely
by exposure to the air. In this way the water is dimin-
ished in so slow and gradual a manner, that the saline
particles, in approaching one another, have full time and
opportunity to assume that arrangement and mode of con-
cretion, to which they are naturally disposed. The crystals,
therefore, are formed more regular and fine than by other
processes ; but this method of obtaining crystals is far too
slow for common use.

I am informed that some of the trading chemists in
London, who prepare specimens for the curious, have
particular secrets by which they prgcure large and fine
crystals ; and that these secrets consist in the addition of
certain fatty matters, and making the solution in lime-
water, and close vessels. It is certain, that in the great
manufactures of salt-petre, alum, copperas, borax, &c.
things of this kind are used with success. Urine is a very
general addition ; and I am assured that fine crystals of
copperas and borax cannot be had without it. I have
tried lime-water : and it certainly gives most elegant crys-
tals of saltpetre, superior to any that I can obtain without
it. But it seems to have no such effect on Glauber’s salt,
soda, or Epsom salt, the only other salts on.which I have
tried it.

Some authors speak much of the influence of light on
the formation of crystals ; but I observe none®*. Others
say that a mass of crystallized salt being placed in contact,

* Chaptal has, I think, proved it beyond contradiction, in a memoir pre-
sented to the Royal Academy, 1780. I am certain of its influence in the
crystallization of the vapours of salt of hartshorn, and of camphor. These
salts are also singularly affected by electricity. EprTor,
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or even very near the outside of the vessel, greatly affects
the crystallization. I am persuaded that this is a mere
fancy. The directions I have already given are the only
rules that have been generally successful with me, and I
think they are supported by any little knowledgc that we
have acquired of the internal procedure.

In evaporating solutions of salts, especially when the
evaporation is very slow, an accident often occurs, which
may create surprise, ‘and may prove troublesome to a
person who is not accustomed to it ;....I mean what is called
the EFrLorEscENCE or ViGeTATION of salts. This is a
peculiar concretion of salts from water. When the evapor-
ationt is carried on in a deep vessel, so as the concretion
cannot rise so high as to get over the lip, it shoots and
spreads sometimes in the upper part of the glass into
branched figures, resembling irregular foliage. And some
of the more enthusiastic chemists have 1magmed that they
perceived in it an exact resemblance to the leaves and
ramifications of plants : and, if the salt was obtained from
a plant, they supposed that it still retained something of
the vegetating nature of the plant from which it was pro-
duced. But this is an imaginary, and-perfectly groundless
fancy. The resemblance between such concretions of
salts and vegetation is accidental, like that of the frozen
humidity which is condensed on the inside of glass
windows in hard frost. This depends on the same cause
agcrystallizatien.

This vegetation, as it is called, is often troublesome to

the chemist. After reaching the lip of the vessel, itcreeps
down the outside : and as soon as it gets as low_as the sur-
face of the liquor, the whole becomes an 'lssemblagc of
svphons, and our solution runs over and is lost. This
may be prevented by covering the vessel with a piece of
tin plate, hqvmg a round hole cut out of it, about two
inches less in diameter than the rim of the evaporating
dish.  This prevents the evaporation at the edges, and
even occasions a dew, which will trickle down the side of
the dish. I find this a camplete preventive.

‘It happens sometimes, in attempting to crystallize some
salts, that'although the liquor be duly evaporated, and then

L4
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allowed to cool, it does pot crystallize : the whole remains
still fiuid.  This happens only with some of the salts, and
only when the saline liquor is allowed to cool slowly and
thout being disturbed.  If we disturb it when it is thus
ooled, it suddenly crystallizes, and at the same timeh
comes warmer by several degrees. It is therefore evideg
that its protracted ﬂmduy proceeded from a quanuty of
}Ldt, which it retained in the form of latent heat, in conse-
quence, I am persuaded, of a chemical attraction which
the materials of the mixture have for heat in that state.
As this is a curious and instructive experiment, you wilk
derive advantage from a few instructions for making it
succeed in the best manner. Glauber’s and Epsom salts
are those which exhibit it to most advantage. Alum and
copperas also do very well. “ Take crystals that have been
formed in a solution carefully filtrated, that there may be
no foulness ; put them into a flask with distilled water, a
little more than enough for dissolving the whole with a
boiling heat ; set the flask into a pan or tea-kettle of cold
water ;- and set the whole on the fir=, and keep it boiling
till all the salt is dissolved ; take out the flask from time
to time to agitate the contents, otherwise it will consise
of strata too unequally saturated : now cork the flask, and
let it stand in the boiling water for some time. I think that
this allows a small degree of more saltness towards the bot-
tom, which I believe of service. Now set the whole in a
cool place, where it will not be exposed to the tremor of
persons walking in the room, or of carnages in the street.
It will cool very slowly, and generally remains fluid.« Lift
the flask, with the utmost care not to shake it ; pull out the
cork, and it shoots into crystals ; or, if it do not, drop into
the liquor the smallest fragment of the salt in crystals and
thus it never fails. A thermometer will shew the emission
of latent heat. There is in this experiment an equilibrium.
in the mixture, between its chemical attraction for latent
heat, or the force with which it retains a certain quantity
of heat in that form, and the cohesiveattraction which tends
to make it crystallize. These two attractions, the chemi-
cal and the cohesive, are '\lw'1)s in opposition to one
another : and here they are exactly balanced, or at least
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the force of the chemical attraction for the heat, exceeds,
by very little, the force of the cohesive, which tends to
crystallization. A proof of this is, that if we give a little
advantage to the cohesive attraction, either by sudden

g ussion of the fluid matter, or by dropping in ever so
mce of the same matter already concreted, the crystalliza-
tion immediately begins, and the latent heat is expelled ;
the cohesive attraction having now prevailed over the
chemical one. You will perceive, therefore, an exact
similarity between this experiment and Fahrenheit’s ex-
periment with overcooled water,

Salts are commonly exhibited and treated of by chemists
in their crystallized state. But this is not the most sim-
ple state of saline matter. All of them contain water, se-
parable by heat; and it is.so copious in some, that they
undergo WATERY Fusion, and spontaneous CALCINATION,
improperly called Efflorescence. Glauber’s salt, alum,
copperas, and many other salts, when very suddenly heat-
ed, melt, boil, and foam, emitting much watery vapour ;
and, in a little, are changed into a dry spongy mass, much
larger than the salt, but of much smaller weight. After
this they bear to be heated red hot, before they take the
true wax-like fusion which I described in the beginning.
This is called the watery fusion of the saline crystal. It is
really a solution again in water which had been enabled,
by its combination with the saline matter, to bear a greater
heat without evaporation. It therefore dissolves what it
could not dissolve while of a lower temperature. But it
is almost instantly raised to a temperature in which even
this union cannot hinder it from boiling. It therefore

* 1 doubt much whether this reasoning be conclusive or explicatory. We
can form no notion of a difference between a cohesive and a chemical attrac-
tion, viewing them merely as moving forces ; a conception absolutely neces-
sary for speaking of opposition and equilibrium. It will be seen presently,
that what is here called a cohesive attraction, is an attraction as truly
chemical as the attraction for heat; and indeed, in the opinion of many
chemists, it is the only chemical attraction, uniting two bodies of different
kinds, with mutual saturation, and the loss of the former properties of the
ingredients. We shall at leaSt see that more happens than the mere
balancing of two attractions. EDITOR.
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froths up, evaporates by bursting the saline bubbles, and
leaves them shattered, and the whole a spongy mass.

But if the same salt be exposed to a very gentle heat,
and the action of dry air, the water of crystallization eva-
poerates from it without dissolving the salt, and leaves ita
fine meal. It is this that is called EFFLorEsceENcE. The
particles of this dust appear, through a microscope, to be
fragments of inconceivably thin plates. In all probability,
a saline crystal is made up of ultimate plates of salt and
water.¥ In other salts, the water occasions DECREPITA-
TION ; that is, the crystals retain the water with great ob-
stinacy, till red hot, or near it, when it tears them asunder
with a loud crack. Such, therefore, is the nature of the
crystals of salts, that they must be considered as com-
pounds of salt and water.

The manner in which saline crystals are produced,
and the remarkable figures they assume, could not fail to
attract the attention of chemists and others, and to occa-
sion attempts to explain how they are formed.

The most obvious idea, and which first occurred, was,
that the ultimate atoms of salts have similar forms to those
of their crystals, being oblong, or angular, or pointed ; and
that, when they unite, they necessarily form a mass, the
figure of which is somewhat similar to that of the consti-
tuent particles. This opinion appeared the more probable,
as_ it was thought to explain the dissolving power of salts,
with regard to earths, metals, and other bodies, which, it
was imagined, they dissolved,or acted upon, in consequence
of the pointed forms and sharpness of their particles. But
as, when we considered the more general effects of mix-
ture, we already found this an insufficient and unsatisfac-
tory explanation of the dissolving power of solvents in
general, so neither will it explain the crystallization of
salts. It is certain, that, in the crystals of salts and saline
compounds, the saline atoms do not touch one another.

* This structure is rendered more probable, by remarking that saline crys-
tals are evidently striated transversely, ands many of them have a double
refraction, like some natural crystals, which we know to have a plated struc-
ture....EDITOR. =
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This is evident, in the first place, from the transparency
of those crystals. Light passes through them in every
direction. We have direct proof that the saline atoms do
not touch one another. The crystals of fossil alkali,
Glauber’s salt, Epsom salt, vitricl, alum, and borax, con=
tain a quantity of water more than thrice the bulk. of the
saline matter. Perfect crystals of fossil alkali contain
34 of water, {95 of fixed air, and 2% of alkali. The form
of the crystals, therefore, cannot depend merely on the
form of the saline atoms, :

Besides, this phenomenon of crystallizaticn is not con-
fined to salts. They are, of all other substances, the most
easily disposed to crystallization. But most other kinds of
matter, when passing from a state of fluidity to solidity,
shew more or less disposition to .concrete into regular
figures. In mineral veins, we find many kinds of stones
and minerals crystallized. Metals, in congealing, shew a
disposition to crystallize, or to form regular figures. Pure
water also crystallizes in snow and ice. Flakes of snow
are formed of assemblages of small spicular or celumnar
crystals, like the crystals of Glauber’s salt, often assem-
bled together without order, but sometimes joined toge-
ther into stars of six rays, &c. If we suppose, therefore,
the figures of saline crystals to be a proof that the ultimate
atoms of salts are angular and pointed, we must allow the
particles of water to be so likewise.

Another principle was pointed out by Sir Isaac Newton,
to explain the crystallization of salts; but it is insufficient.
He supposed it to be a consequence of the regular arrange-
ment of the saline atoms dissolved in water. This might
explain the concretion of salts into a mass of uniform
structure, and perhaps transparent; but it cannot explain
why there are a number of separate angular masses.

In the first place, the cause which occasions the particles
of salt to concrete together in crystallization,is undoubtedly
the attraction of cohesion. In a solution of salt, this
attraction, by which the particles of the salt have a ten-
dency to unite; is counteracted and overcome by the che-
mical attraction of the water for the particles of the salt.
But if we diminish the quantity of the water by evapora.
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tion, it will act with less power, and the saline particles
with more. ("See Note 29, at the end of the Volume.)

Mr. Baumé’s opinion is, that crystallization, thatis, the
separation of salts by crystallization, depends both on the
attraction of the homogeneous particles for one another,
and on the repulsion of the heterogeneous ones. And he
thus explains how perfectly neutral crystals are formed in
acid, or alkaline solutions ; or clean and transparent crys-
tals in'muddy and coloured saline liquors. And he thinks
he has perceived, by experiments, both the attraction and
repulsion, acting even at the distance of a foot, by placing
beside a vessel, in which a solution of Glauber’s salt was
set to crystallize, either a vessel containing Glauber’s salt,
which occasioned the crystals to be all formed on that side;
or a vessel containing salt of tartar, which occasioned the
crystals to be formed on the opposite side. But Mr. Lavoi-
sier has proved that there is not the least ground for
thinking that the attraction and repulsion act at a sensible
distance. ’

Consult, on this subject, the Crystallographie of Mr.
Rome de I’Isle, edition of 1784 ; and the Essa: sur lu forma=
tion des Crystaux, par Mr. PAbbé de Haiiy. ("4dnnales de
Chemie, funi 1793.) These authors, particularly the last,
shew how, from a very small number of simple primitive
forms, may arise a vast variety of figures of crystals. This
subject is treated with great neatness and perspicuity,
both mathematically and philosophically, in a work entitled
Crystallographie des Mineraux, by Dr. Kramp, of Stras-
burg. It was printed at Vienna 1793 ; and is, I think,
the most instructive work on the subject.

There is yet another way of separating salts from water,

‘namely, by adding something with which the water is more

disposed to unite. Thus, if to a nearly saturated solution
of most salts in water, we pour some strong spirit of wine,
we shall have an immediate precipitation of the salt in a
crystalline form. This method is sometimes practised
as the only way of procuring the salt in a state of great
purity. It is surely somewhat extraordinary, that by the
addition of a substance more strongly attracted by the
water, we should produce, in an instant, the union of salt
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and water in a crystalline form, so strong in some cases,
that a red heat cannot separate them.  And this is anot]?er
proof how little we are able to judge of the comparative
strength of chemical attractions.

Such are the general observations which it was proper
to make on the relation of salts to water.

All the different kinds of salt may be easily mixed in
the most intimate manner, in consequence of this rela-
tion,.,..this general quality of dissolving in water: for
water can dissolve not only two kinds of salt at the same
time, but many diflferent kinds. And we have learned by
experience, that when it is saturated with one salt, this
does not hinder from dissolving a considerable quantity of
another, and. even of several others. ~You may see many
examples of this collected by Muschenbroeck, Neuman,
Watson, and others. Water will dissolve more saltpetre
adler it is saturated with alum than when pure,

When different salts are thus mixed together by being.
dissolved in the same water, some act immediately one on
another, and unite together, so as to remain afterwards
very strongly combined.  Many others mix without any
appearance of action, or any signs of their uniting toge-
ther.  These can generally be separated from one another
again without much difficulty, . The others, when we de-
sire to separate them, require to be disunited by an elec-
tive attraction,  The various cases, where elective “at-
traction or exchange is necessary to separate salts which
are strongly united together, will be fully considered here-
after,

But when the mixed salts have no attraction, or after
that attraction has been overcome, we separate them by
one or other of three methods, which will succeed in most
of these cases. We take advantage either of ‘their diffe-
rence of volatility, if there be any considerable difference
of this kind between them; or of their different solubiljty
in water; or we separate them by crystallizing them.

The manner of separating them 'hy taking advantage of
their diff rent volatility, when there is a considerable dif-
ference between them in this respect, is obvious. It is,
to put the saline mixture into a retort, or other such ves-
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sel; to.join a receiver to this retort; and then to apply
heat, which niust be very slowly and gradually increased.
Thus the more volagile salt may be raised to vapour, and
condensed in a separate vessel, while the fixed salt remains
behind. In no case does this process produce a com-
plete separation. The volatile salt is always tainted with
a little of the fixed one, and this always retains some of the
volatile salt. 'We must often repeat the operation two or
three times. !

When the salts which we desire to separate, do not dif-
fer much in volatility, and this operation cannot be per-
formed, it happens however in many cases, that they differ
greatly in solubility ; and this circumstance puts it in our
power to separate them. Thus, if the one be of the less
soluble salts, and require a large quantity of water to dis-
solve it, while the other easily dissolves in a small quantity
of water, we may evaporate the mixed solution till no more
water remain than is necessary to keep the most soluble
salt dissolved. Allowing the solution then to cool, the less
soluble salt will separate in crystals, and may be taken out,
while the other remains still dissolved.

Or, if the salts be mixed together in a dry mass, we may
add as much water as is just sufficient to dissolve the most
soluble, and the less soluble will remain undissolved.
When one of those salts has little solubility, and the other
is so very soluble as to be deliquescent, we can obtain a
more complete and exact separation by exposing the mixed
mass to the air in a cellar, or some other damp and cold
place, until the deliquescent salt be liquefied by attracting
the moisture of the air. It is found by experience, that:
there is no method of dissolving it by which it is so effec-
tually parted from the other. Sometimes the mixed mass
is thus exposed upon a quantity of bibulous paper, or other
porous absorbed substance, which sucks in the deliques-
cent salt as fast as it liquefies : and this is a most effectual
and quick method. !

Besides the difference of greater or less solubility in
general, there is another difference of solubility, which is
in some cases the foundation of separability, (if I may be
allowed the term): I mean a difference of salubility in
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hot or in cold water. Thus, common sea-salt differs from
perhaps all the rest, by dissolving as readily, and almost
as copiously, in cold water as in hot; and may therefore
be very conveniently and effectually separated from many
of them, upon this same principle. The saltpetre, in its
native state, has always a great quantity of common salt
mixed with it. In order to separate it, the whole is dissolved
in water, and the solution evaporated to a certain.degree,
and then cooled. A quantity of saltpetre then crystallizes,
and is taken out. The same operation is repeated with the
rémaining liquor, and some more saltpetre is thus taken
out before any of the common salt crystallizes, because the
common salt is generally the least eopious of the two; and
as it is also more soluble, the water must be conziderably
wasted before it begins to appear.  But when the evapora-
tion has been repeated a certain number of times, the re-
maining water comes to be saturated with common salt as
well as with saltpetre. And now, the next time we evapo-
rate, a part of the common salt will crystallize, but in a
manner quite different from the saltpetre; for it crystallizes
while the evaporation is going on, and while the liquor
is hot on the fire; for the heat does not much increase its
solubility, or prevent it from separating. But heat has
this effect very remarkably upon the saltpetre. It is dis-
solved in greater quantity by far in hot water than in cold,
and although the water is greatly diminished, it still re-
mains dissolved as long as it is hot. The common salt
which has grained, must now be taken out; and afterwards
we must allow the solution to cool. While it cools, none
of the remaining common salt separates, or excessively
little ; but a great part of the saltpetre now concretes in the
form of crystals. And if these are taken out, the same
operation may be repeated with the remaining solution;
until the whole of these salts are alternately separated from
the water, and from one another; the one always concreting
while the fluid evaporates, and the other while it is cooled.
And the very same operation may be practised to separate
sea-salt from a number of the other salts,

Solubility in spirit of wine is also another foundation of
separability; for some salts are dissolved -by that fluid,
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while the rest are not : but of this we shall speak more fully
when we treat of spirit of wine.

In cases in which none of the methods hitherto mens
tioned will do, (which, however, are very few), the only
" remaining means is crystallization. Some of the former
methods of managing might be classed under the title of
crystallization, because the separated salts formcrystals. But
as the separation depends in reality upon differerice of
solubility, we have referred such cases to that head.

The cases in which the separation of salts’depends on
crystallization alone, are those in which the mixed salts
do not differ considerably, either in volatility or solubility,
and in which we cannot have recourse to any of the opera-
tions hitherto mentioned. All that is left in our power is
to reduce the whole saline matter to crystals, in the best
manner we can ; thatis, to give fair crystals, but this is
the most imperfect mode of any. ("See Note 30« at the
end of the Volume.)

To conclude this subject of the separation of salts in
general, we must remark, that some of these methods of
working do not produce full and exact separation at first:
but by repetition the separation can be made very complete.

You are now acquainted with the nature of the salts in
general. We must next take a view of the different kinds
of them. T6 do this in a proper manner, it is necessary
first to divide them into two principal divisions: the first,
that of the more simple; the second, that of the compound
salts, which are formed by the union of the simpler salts
with one another. We shall therefore consider the sim-
pler salts first, and then shew how by combination they pro-
duce the compound : each of which shall be considered
separately, as well as the means of resolving the compound
again into its constituent salts.

Further, the simpler salts, that they may be considered
more distinctly, must be divided into two orders, the alka-
line, and the acid salts. You will be fully sensible of the
propriety of this division as we proceed, At present we
are to consider the alkalis,
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UNDER this general name are comprehended three
salts, having similar properties, but, at the same time,
other properties which are not interchangeable.

The only character which I need to give of: them in
common, at -present, is, that when they are mixed, though
in exceedingly small quantity, with infusions of purple or
blue flowers of vegetables, they change the colour gene-
rally to a green, or, in some few cases, from purple to
blue. The spiritous tincture of alkanet root is still more
sensible to alkalis. Several other properties besides this
are usually given to distinguish the alkalis ; but it is not
necessary to notice them at present, It is better to delay
the mention of them now. I may, however, add, that,
when tasted as dissolved in water, they affect the tongue
with considerable acrimony and pungency. The particular
taste is much the same in the three species.* They are,
moreover, noted detergents, and feel greasy to the touch,
because they instantly dissolve the unctuous matters which
adhere to the skin. They shew, indeed, an acrid and corro-
sive nature with respect to all animal substances, especially
when we apply to. them these alkalis in their purest and
most active state ; in which condition they dissolve every

* This taste has not 2 name in our language; nor is itindeed very familiar,’
being peculiarly disgusting, and is seldom to be met with, except in what we
are accustomed to consider as offal,or refuse. But it is a taste as distinet
and characteristic as the acidity which denominates the other class. Who-
ever touches, with the tip of the tongue, a little potash, or even lime, or lime

" water, will never afterwards forget the disgusting taste of an alkaline sub
stance...... EDITOR.

'
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thing into a soapy pulp. It is a state to which they are
reduced on some occasions only, and to serve particular
purposes. But it is better, for the present, to describe
them in the state in which they are commonly kept for use,
and in which you will most frequently see them in the
shops. This is a more convenient and manageable form
than their purest state. §

I said that there are three species of them. These are
the vegetable alkali, the fossil alkali, and the volatile alkali.
The last is called volatile very properly; as it is incom-
parably more volatile than the other two, which, with re-
ference to it, are therefore called the two fixed alkalis.

SPECIES I...VEGETABLE ALKALIL

THE first, the vegetable alkali, or common potash, has
all the qualities described as belonging to salts in general.
It requires a red heat to melt it ; and in a violent one emits
vapours, and is gradually dissipated, especially if air be
admitted to its surface.

This alkali, in its ordinary state, has a very strong at-
traction for water. It deliquiates in the air, and is with
great difficulty kept dry. When thrown into water, it dis-
solves quickly ; and can be dissolved in less than an equal
quantity. The solution is generally accompanied with
heat. The water is separated again with difficulty, and
requires a strong heat; and it is not easy to obtain crys-
tals from this salt in its ordinary state. It is not usual,
therefore, to attempt to crystallize this alkali, in separat-
ing it from water. The common practice is to evaporate
to dryness, which is done in an iron pot, as it has scarcely
any power to corrode the iron. Hence it has got the name
of potash.

When the greater part of the water is boiled away, the
semaining matter is much disposed to foam and boil over.
And at last the small portion of water which remains with
the salt, forms with it a mixture like wet lime or soft mor-
tar. A strong heat is then required to evaporate this last
part of the water : and the salt must be stirred and scraped

VOL. IT. E
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from the bottom of the pot incessantly. If this be omits
ted, it adheres strongly in the form of a hard white crust,
or indurated mass. ' -

This alkali has its origin in the land vegetables, espe-
cially trees, the greater number of which contain, in their
Jjuices, a small quantity of this salt combined with others ;
and it is produced in the plant by the powers of vegeta-
tion,

o) extracted, for the most part, by burning the wood
(or whatever plant we operate on) slowly, to perfect white
ashes, or until all the inflammable matter be completely
consumed. The alkali remains in these ashes, and is easily
extracted from them by water; and when refined to- a
certain degree, is sold under the name of PEARL AsHEs.

It is prepared in this manner chiefly in those countries
where wood is exceedingly plenty and cheap. And for
many purposes, they do not take the trouble to refine this
salt: but, taking the solution of it which they bave ex-
tracted by water from the ashes, they add to it a quantity
of fresh ashes, which still contain a salt; and boil up the
whole together into a coarse and impure mass, which is
also called Porasurs, and from which the alkali is after-
wards extracted by those who have occasion to use it,

The reason for selling some of it in this form is, that it
is more easily preserved and transported. The purer alkali,
called pearl ashes, is so deliquescent, that it would be im-
possible to keep it dry and solid, except by packing it up
in very close and tight vessels ; whereas the coarser or less
pure kinds of potashes can be more easily preserved and
transported without such expensive package.

The softer and more succulent vegetables do not con-
tain so much of it as the hard woods. But some of them,
especially ferns and some others, are burnt with great
profit in some places, on account of the alkali which mav
be had from their ashes. And such ashes are sold under
the name of weed-ashes. :

It is also separated, in a great measure, from the other
principles of vegetables, when they are completely putre-
fied: and in this way is produced the alkali, which may be
had from the drains of dunghills, by a process described by
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Dr. Percival of Manchester, in the Philosophical Transac-
tions for the year 1779 or 1780.

There is now such demand for this salt in many manu.-
factures as a detergent, that it is found highly worth while
to recover it from the liquors in which it is mixed with all
the sordes which it has dissolved. The water is boiled off :
and the impure residuum is burnt to ashes ; and the alka-
line salt extracted from them by water.

Mr. Margraaf, in some memoirs in the Transactions of
the Berlin Academy, on the waters used in Berlin, says
that he found a small quantity of this alkali in some of
their well waters. It probably had the same origin as the
alkali contained in the drainings of dunghills ; and had
been extricated from vegetable substances by putrefaction,
and been carried by the surface water into the wells.

The vegetable substance which yields it in the largest
quantity and purest state, is the vegetable salt ealled tartar
or wine-stone. And when this alkali has been extracted
from the tartar, it has been commonly called Sa/t of Tar-
tar ¥

Sal tartari contains #bout 70 per cent. of pure, i. e. caustic
alkali.

The best pearl-ashes contain about K 55
Dantzic ashes + - - - - 51
Ordinary .- - - - -« 46

The names, therefore, by which this alkali was formerly
known, were pot ash, pearl ash, weed ash, salt of tartar,
salt of wormwood, and some others. But the names of
the salts have been often changed of late. In a new set of
names which were lately proposed by the French chemists,
it is called Potasse in French, and Potassa for Latin ; in the
last edition of the London Pharmacopeia, Kali; in the
Edinburgh Pharmacopeia, Lixiva. I shall take some
notice of the names, when I have done with the descrip-
tion of the salts. -

* There are strong reasons, some of which occur in these lectures, for be-
lieving that this salt is formed in the plants, by the powers of vegetation, of
ingredients still more simple....ep1TOxR.
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Uses of the vegetable fixed alkali.........It constitutes a
part of several compound salts employed in medicine ; and
is used by itsclf to correct acidity in the bowels ; to pro-
mote the secretion of urine ; and to give relief from the
distress occasioned by gravel or the stone, in the kidneys
or bladder ; which relief it very seldom fails to procure,
when the disease is not of long standing. It is given for
this purpose in different states, which I shall describe here-
after. It is used also in large quantities in the arts, as in
making soap and glass, in bleaching, in dying, &ec.

SPECIES IIL....FOSSIL ALKALI.

Tue other fixed alkali, the fossil alkali, when examined
in its ordinary state, resembles the vegetable alkali in
some particulars ; but is very different from it in others.
It requires the same heat to melt i¢, and make it evaporate.
It has the same taste, but not so acrid. Its attraction for
water is not near so strong ; and it is not deliquescent. It
dissolves, however, readily in water, but not so quickly as
the vegetable alkali does. And it requires five or six
times its weight of the water to dissolve it, in the tempe-
rature 50°.

The fossil fixed alkali in solution is easily separated
from water again by evaporation; and in its ordinary
state, it is easily crystallized. Its crystals have generally
the form of a thin oblique lozenge, the narrow sides of
which are reduced to an edge by oblique planes, like the
edge of a ruler. (See Rome de I’Isle, No. 43.) Its crystals
contain a large proportion of water, adhering loosely, nearly
4%, and {75 of elastic matter in an unelastic state.
Hence they are very liable to watery fusion and spon-
taneous calcination. The water quickly evaporates, and
leaves the salt a white crusty mass, which may be dis-
solved in water, and crystallized again.

Such are the qualities of this alkali, that can be men-
tioned with propriety at present.
notice of its origin.

that it is one of the salts which have been longest known

It remains only to take
Upon this article we may remark,
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and in use. It is this salt which is mentioned in several
parts of the Bible by the name of nitre. It is once men-
tioned as a detergent, and once as making a turbulent or
foaming mixture with vinegar; neither of which properties
agree with the salt now called nitre. It appears that the
ancients were supplied with this salt from Egypt, and
some parts of Persia, where it is found on the surface of
the soil, in particular places, in the form of small impure
crystals, or composing a saline efflorescence, or crust, like
hoar-frost, which is undoubtedly formed by the evapora-
tion of water, which had dissolved and extracted i® from
the soil. oy

In the 55th volume of the Philosophical Transactions,
there is mention made by Dr. Heberden, of a production
of this alkali, somewhat similar to this, in the island of

- Teneriffe. And we are also informed by Dr. Donald
Monro, in the Philosophical Transactions for the year
1771, of another source, from which it is probable the
ancients derived in part their supplies of this salt. Itis
brought yearly to Tripoli, in large quantities from the
mountains, and is called Trona. From its appearance, he
concludes that it is found forming veins in the mountains
of rock salt; for it is always in the form of cakes, of about
half an inch thick, to one side of which there always ad-
here incrusted crystals of common salt¥.

There is no example, however, in any part of Europe,
of its being found in considerable quantity in any of these
states. = We have only a saline efflorescence, which is often
formed on the plastered walls of cellars, and other damp
places, which is mostly composed of this salt. We also
find a small quantity of it dissolved in the water of some
of our springs in Europe; but such spring waters are very
uncommon. :

Though, on the whole, we but rarely find this alkali ix
a separate state in nature, it occurs however, in grea
quantities, in a state of combination with other salts.
Common salt is a compound salt, of which this fixed alkali

* It is found in its detached statein all salt water fishes, and in some in con
siderable quantity. The earth round Ravenna, which is full of the remains«
sea fishes, and even the stones, abound init.....EpiToOR.
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composes the half. Aud common salt is found solid, in
immense qmmmes, in the bowels of the earth, besides
what is contained in the waters of the sea, and th}ée of
innumerable springs in all parts of the world. You will,
therefore, understand why it has been called the fossil al-
kali. I have reason to believe that the fossil alkali
that is found on the plastered walls of cellars, and other
damp places, is produced by the decomposition of com-

mon salt,
But the great quantities of it which are made use of

in different arts and manufactures in Europe, are procured
from sea plants, and some particular plants which grow in
the neighbourhood of the sea. The plant which affords
it of the best quality, and is cultivated in Spain, Sicily,
“and Italy, for that purpose, is called Kali and Salsola. To
obtain the alkali, these plants are burned to ashes, in which
the alkali is found. Such ashes are accordingly prepared
upon the . coasts of the Mediterranean, and receive the
name of Soda, or Soude, or Barilla ashes. They form
large and hard lumps, like stones, of'a dark gray or black-
ish colour. The hardness is occasioned by a fusion which
these ashes undergo in the end of the operation, in conse-
quence of the heat produced by the burning of the vegeta-
ble. Upon our coasts alse, we burn certain kinds of sea
plants, and melt the saline ashes of them together into one
mass, called Kelp, which also contains a small quantity of
this alkali. .

The purest fossil alkali, obtained from the efflorescence
on plaster walls, contains about 60 per cent. of its weight
of alkali in crystals.

Alkali manufactured at Liverpool, 49
Fossil alkali from India, ; 28
Best Alicant Barilla, 261
Sicilian Barilla; 23
The richest kelp made in Norway, 1
the Orkney Islands, and Skye, i
The general produce of Scottish kelp, ~ B

The sea-weed, varech, or wreck, is either taken as it is

tossed ashore by the storms, or is cut and pulled from the
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rocks with rakes, at low water. It is brought ashore, and
spread on the beach to dry and wither.  As soonas it will
burn, it is burned in little pits lined with stone, feeding
the fire scantily with the dry plant. When the pit is nearly
full of the ashes, which are but slightly burnt a great quan-
tity of weed, well dried on purpose, is.thrown in at once;
and a very hot fire kept up, and the whole stirred, to bring
all the charry matter to the air, that it may burn.” This
melts the whole into an impure heterogeneous mass, of a
dark, dirty, gray colour, containing much common salt,
vegetable earth, brimstone, and the alkali.

It may also be had by decompounding common salt, by
particular processes to be desCribed hereafter, and some
of which are actually practised in the way of business at
present.

The names which have been given to it, therefore, are,
Natrum or Nitrum by the ancients, Trona in Africa, Soda
and Barilla in the Mediterranean, and Alkali of common
Salt, or Fossil Fixed Alkali. In France they prefer the
name of Soda or Soude: and the same name has been
adopted in the last edition of the Edinburgh Pharmaco-
peia. Inthe London Pharmacopeia, it is named Natron.

It is employed chiefly in the composition of soap, in
making glass, in bleaching linen, and in other arts. It is
- also an article of the materia medica. It has the same
powers in medicine as potash, or alkali of tartar.

'SPECIES IIL.—VOLATILE ALKALL

The last of these salts, the volatile alkali, differs more
from the two former than they do from one another. It
shews great volatility when exposed to the most gentle
heat : and, even in the ordinary heat of the air, it is con-
stambly emitting vapour, not visible, but pungent to the nose,
and of an urinous smell, It is commonly known by the

" name of volatile salts, and salt of harsthorn. When ex-
.. posed to heat, it does not melt, but is totally evaporated
" before it arrives at the melting heat: and when the vapour

of it is condensed in a receiver, it forms a saline crust. It
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has a good deal of acrimony and pungency ; and if con-
fined upon the skin, will certainly inflame and corrode it
It is easily combined with water, and sometimes crystal-
lizes. But it is inicapable of being separated by evapora-
tion, as other salts, By employing heat.

With respect to its origin, it is not found in a separate
state in nature, except in putrefying animal or vegetable
substances, or in the air which is immediately over them.
1t is contained in all animal and vegetable substances, and
is extricated from them by putrefaction, and by a destruc-
tive heat. There is also a little of it in fossil coals.
Hence it appears in the vapours which arise from these
different substances, when they are destroyed or consumed
by fire, or by a heat strong enough to dissipate all their
volatile parts. In Lord Dundonald’s process for obtain-
ing a tar from pit-coal, a quantity of water is produced with
" the tar, which water contains some volatile alkali. Soot,
which is a matter produced by the condensation of some
of the vapours arising from heated coal or wood, also con-
tains it, combined with some other saline substances, which
repress its volatility to a certain degree. It is therefore
extracted in large quantity in some manufactures from
soot. Urine also, when putrefied to a certain degree,
-yields a good deal of it : and this is the cause of the pun-
gent alkaline odour felt in stables. Some manufacturers
therefore prepare it from urine: and the chemists formerly
did so too, and called it salt of urine. It is this alkali in
putrid urine which makes it detergent.

There are also other animal substances which afford it
in great quantity, when they are heated and scorched to a
black coal in close vessels. It is procured most plentifully
in this way from the horny parts and the bones. For-
merly the horns of the hart were preferred to other ani-
mal substances: and the volatile alkali which they afforded
was called salt of hartshorn. There is still a volatile alkali
so called in our shops; but it is prepared from bones of all
kinds that can be collected. They are put into large dis- -
tilling vessels of iron, and exposed to an increasing heat,
until all their volatile parts are extracted ; and among
these is found a volatile alkali, which is precisely of the
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same nature with the volatile alkali of hart’s horns. It has a
very fetid odour, proceeding from a burnt and volatile oil,
which arises from these substances during the process, and
which cannot afterwards be completely separated from the
alkali without too much expence.

The best way to have this alkali free from such offensive
impurities, is to extract it from a compound salt called sal
ammoniac, the process for which is to be shewn hereafter.
Thus prepared, it is called spirit of sal ammoniac, or sal am-
moniacum volatile, or sal volatile.

The other names that have been given to it are ammon:a, in
the London and Edinburgh Pharmacopeies, spirit or salt of
urine, spirit or salt of hartshorn, volatile alkali. The French
now give it the name of ammoniac. +

In the course of our examination of chemical bodies, we
shall have frequent occasion to speak to this alkali, and will
also be able to form a more distinct notion of its origin and
nature. : "

It is much used in medicine, as a powerful and grateful sti-
mulant and diaphoretic of quick operation ; and is reckoned an
antidote against the bites of venomous animals. It is also
employed in some of the arts, as in the manufacture of sal am-
moniac; in the manufacture of alum; and in cleansing wool,
silk, and other substances, to prepare them for receiving
#olours in the art of dyeing.
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GENUS II

ACID SALTS.

B

YOU must next be made acquainted with the acids, so de~
nominated from their taste.

Of the salts belonging to this order, there is a much greater
number than of the alkalis. But there are three, which, on ac- -
count of the eminent and distinct manner in which they pos-
.sess the distinctive properties of acids, claim our chief atten-
tion, and greatly assist us in investigating the properties of
the rest.

‘These three have commonly been distinguished by the title
of Fossrr Acips; and are now specified by the names of the
SyLpHURIC or VITRIOLIC, the N1TRIC, and the MuRraTIC
Acips. Their common properties are these :

1st. They have a very strong attraction for water; and
being at the same time very volatile, a consequence of these
qualities is, that the only form in which we can have them for
use, is that of watery fluids, or united with water, -which re-
presses their volatility, and renders them manageable.

We cannot separate the water entirely from them by evapo-
ration, or otherwise. They retain it too strongly, and are
themselves too volatile to _admit of this. But when they are
much weakened or diluted with water, we can separate a part
of this water by distillation, and thus strengthen, or, as we say, .
concentrate the acid to a certain degree: and in this stro;
state they are commonly kept for use. I shall, therefore, dﬁ;
scribe them as they appear when in this strong state, or 2
united with as little water as possible.
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In this state they have a powerful attraction for more water.
They attract it from the air more quickly, and in greater
quantity, than the vegetable fixed alkali does. And when
mixed with water in its ordinary state, they unite with it ra-
pidly. with violence, and produce heat, Upon this account,
it has been thought the more extraordinary, that, when mixed
with ice or frozen water, they produce a considerable degree
of cold. But I formerly gave an explication of this phenome-
non, as depending on absorption of heat.

Although these acids, therefore, are always exhibited and
used in the form of fluids, we may consider their fluidity as
depending upon the water that is mixed with them, and ¢on-
clude that they are salts dissolved in water : for that the saline
matter which they centain is capable of appearing in the form
of solid salts, is plain from several facts.

One of these is the solid form which the sulphuric acid ac-
tually assumes upon some occasions. The whole of it con-
geals into a mass resembling ice, which, on account of its ap-
pearance, is called Glacial Vitriolic Acid.

The nitric acid also, when exposed in its strongest state,
to a cold of 40° of Fahrenheit’s scale, assumed, in part, 2
solid form. A considerable part of it crystallized into spicular
crystals.

With respect to the muriatic acid, the same experiment has
not been made with it. Bt it is probable that it also would
crystallize in the same degree of cold, or in a greater *

At any rate, there is an easy method by which we can re-
duce these acids to a solid form, which serves to shew that
they are capable of solidity. The method I mean is to com-
bine them with the fixed alkalis. They are disposed to unite
readily and strongly with the alkaljs, and form with them com-
pound salts, which can casily be separated from water, and
made to appear in a solid form, as we shall see hereafter.
. 2dly. A second quality, which the acids are possessed of in
gommon, is, that, like the alkalis, they change the colour of

@-’%E‘gfusions of the purple or blue flowers of vegetables: but

* It does crystallize....EDITOR. »
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whereas the alkalis change them to a green, or abolish the red,
and deepen the blue ; the acids, on the contrary, change them
into bright red, or into a scarlet: and an extremely small
quantity is sufficient. And this effect they produce upon the
same juices, although they have been previously tinged green
or blue by an alkali : while the alkali, on the other hand, will
produce a green ‘colour in those juices, although they have
been previously tinged red by an acid.  'We can, in this way,
change the colour of the same infusion to a red or green alter-
nately, for a number of times, by adding the one or the other
kind of salt.

The chemists are, on many occasions, much interested in
ascertaining the presence of an alkali or an acid ; and keep in
readiness phials of coloured tincturcs of vegetables. They
also use for this purpose slips of paper stained with those
juices, called Test-Parers. These tests must be carefully
kept from the action of the air and the light.

Different tinctures have different degrees of sensibility to
acids and alkalis. The tincture or dye called archil, cudbear,
or litmus, is the most sensible to acids. The juice of the
scrapings of red cabbage and radish is also very sensible to
acids. March violet, convolvulus, viola tricolor, and cyanus,
are less affected. Mallow flowers, march violet, convolvulus,
and alkanet, are much more sensible to the alkalis.

3dly. A third quality of the acids in general is, that they
readily unite with any of the alkalis: and if these are in their
ordinary state, a violent effervescence is produced. This
cffervescence was formerly reckoned a criterion of acids or
alkalis.

This mixture is a true chemical combination. All the
distinguishing qualities of both ingredients are gone. The
acid or the alkaline taste is no longer perceived ; and one dif-
ferent from both is induced. The mixture makes no change
in the colour of vegetable infusions. This gives us the first
employment for our tests and test-papers. By these we dis-. ‘
cover the exact saturation of the ingredients, which is another-
proof of the chemical coxnbinz}tion. The great attraction for -
water is gone: and the compound is easily separated from 3
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by crystallization. The great volatility of the ingredients is
also repressed ; and this, in one instance, in a most unaccoun-
table degree. The marine acid, and the volatile alkali, in
their utmost state of purity, are so volatile that we cannot
condense their vapours. Yet these vapours, when united,
instantly form a dry powder, which requires a very consider-
able heat, approaching to ignition, to convert it into vapour. *

4thly, and lastly, The acids are powerful solvents of a
number of different substances, as chalk, limestone, marble,
and metals ; and they also shew a solvent and destructive
power, when applied to animal and vegetable substances.
Taken internally, in their strong state, they would prove in-
stant poison. ~Applied externally, they immediately occasion
sharp and violent pain, and very soon destroy the part, as
burning coal would do.  All this is to be understood of them
only in their strong state ; for if they be very greatly diluted,
they are not corrosive ; and their most general effect is then
to prevent or retard fermentation and putrefaction. They are
often taken in this diluted state as medicines, and are cooling
and astringent, and impress upon the tongue, in a very distinct
and lively manner, the particular taste which their name
implies.

These therefore are the qualities which these acids have in
common. We shall now consider the peculiar nature of each
of them separately.

VITRIOLIC ACID.

The vitriolic acid has this name from vitriol, a compound
in which it is contained, and from which it was formerly ex-
tracted. At present, all that is brought to the market is pre.
pared from sulphur; for which reason, and others, the French

- chemists have lately proposed that it shall be named Acide

Su!furigue, Sulphuric Acid. And it must be acknowledged

* This almost overturns all our mechanical explanations of chemical
phenomena....EpxTOR. .
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that this is a more proper name than the other ; for even the
acid which we find in vitriol has its origin from sulphur.

When pure, it is a colourless heavy fluid, in specific gravity
to water as 185 to 10. This great weight gives it some ap-
pearance of sluggishness like oil; for which reason, it has
been common to call it oil of vitriol.

It is also much less volatile than water. It therefore does
not emit any sensible vapours or effluvia, in the ordinary heats
of the air; nor has it the smallest perceptible odour.

It is congealable by cold, and the more easily as it is
stronger. It is then called Glacial Qil of Vitriol. When of
the gravity 1.78, it congeals at 32°; and requires 45° of
Fahrenheit to thaw it. This shews that it is not a simple
congelation, but, in some measure, also a crystallization. If
undisturbed, it will remain fluid below 32°, and freezes and
emits heat when.stirred. (Phil. Trans. 1787, Part 2d.)

When very strong, it shews the powerful attraction, it has
for water, by the violence and rapidity with which it mixes
with that fluid ; in mixing with which it grows very hot, and
contracts greatly in bulk. The heat produced, by suddenly
mixing strong vitriolic acid and water, will split any thick
glass vessel. The mixture should, therefore, be made gra-
dually, by small additions, and agitating the mixture after
each addition ; otherwise the heavy acid will collect below and
when you agitate, you will mix a great deal, and produce
much heat. The bleachers often pour the acid carelessly even
into hot water ; and it breaks out into steam, and scatters the
acid about on the goods.

The contraction of bulk is very great. Twenty-eight mea-
sures of water, mixed with four of acid, make only 29 mea- -
sures of mixture, instead of 32.

Its attraction for water likewise appears from the quickness
with which it attracts it from the air, and the quantity it will
attract. Dr. Gould, Professor at Oxford, found that three
drachms attracted more than a drachm of water in one day,
and in 56 days; 63 drachms ; the quantity which it attracted-»-
always dlmmxshmg Newman tells us that one ounce of it g

a year attracted 6} ounces of water,
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‘When this acid is diluted, or mixed with too much water,
it can be strengthened,or the superfluous water separated, by
distillation in the retortand receiver. If the quantity of water
with which it is diluted be considerable, the first vapours that
arise are pure watery ones, or little else: and it does not re-
quire much more heat to raise it than water. But, as the ope-
ration goes on, the water that remains, in proportion as the
quantity is diminished, is more strongly retained by the acid :
and a stronger heat is required to continue the distillation,
until it rise to near the 600th degree. 546, or 550, may be
accounted the boiling point of the strongest vitriolic acid that
can be made. The vapour, too, that arises during the pro-
gress of this operation, is found to contain the larger propor=
tion of acid, the farther we advance in the distillation, until at
last what distils is as strong as what remains in the retort ; the
small quantity of water which it retains being so strongly at-
tracted by the acid, that they cannot be separated from one
another by heat, but arise in equal proportions.

I may notice, by the way, that this operation, by which we
clear a fluid of a volatile ingredient, which we consider as di-
luting it, is called Concentration. When we clear a volatile
fluid of a more fixed ingredient, we are not said to concentrate
it, but to rectify it. We concentrate vitriolic acid; but we
rectify vinous spirits.

This acid, as first produced in the manufactory of it, is al-
ways much diluted with water.  And it must be concentrated
by distillation, before it can be carried to the market, or deli-
vered to those who make use of it.  And the concentration is’
always carried on so far as to bring it up to the specific gravity
I mentioned, viz. 183 to 10.

Such are the properties of this acid with regard to water.
But, before we quit it, I find it necessary to take some notice
of its relation to inflammable substances, the effects of which
upon this, as well as some other acid salts, must be known be-
- fore we can understand the processes by which some of the
“compound salts are decompounded. ;

““# The vitriolic acid acts powerfully on most inflammable sub-
stances.If some olive oil, for example, be poured on vitriolic
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acid in a glass, heat-is generally produced, and the touching
parts immediately become of a very dark coffee colour. Feetid
steams soon arise, as the mixture goes on, and become at last
very offensive and suffocating. The mixture becomes thick
and black, like tar. If we mix the acid in the same way with
oil of turpentine, the mixture is more remarkable, with violent
heat, and bursts of suffocating steams : and the viscid mixture
foams and froths over the brim of the vessel. The oil ac-
quires a very particular smell; and some of the spongy matter
becomes hard and charred.

One phenomenon observable in all these mixtures of vitrio-
lic acid with common inflammable substances, is the very
dark or black colour produced. This occasions the brown co-
lour which this acid acquires when kept in a negligent man.
ner. The acid of vitriol that is to be found in the shops, is of-
ten of a dark brown or black colour, although, when fresh or
new, it is perfectly colourless and transparent; and if kept in
close vessels with a glass stopper will remain so. But if any
dust be allowed to get into it, or if the phial be stopped with a
cork, or other vegetable inflammable matter, the acid dissolves
and corrodes it, and acquires more or less of a brown tinge or
even black colour. The wdy to restore a vitrjolic acid thus
tainted, is to distil off a small part of it in a retort and receiver,
or boil it in a matrass under the vent. When we do this,
a small part of the acid arises in the form of volatile steams,
which have the suffocating odour of burning sulphur. The rest.
becomes clear, and free from colour or smell.

‘When we have had the curiosity to apply heat to such mix.
tures as these, and to subject them to distillation, we have ob.
tained several products :

1st, A great deal of the acid arises in that volatile and suf.
focating state which I just now mentioned, in which state we
call it the sulphurous acid; and along with it the water which,
- was combined withit atfirst, and also a quantity which is con.
tained in the composition of the oil.

2dly, After this water and suffocating sulphurous acid have

arisen in considerable quantity, vapours next arise, which are ©

vapours of perfect sulphur or bnrnst;one ; a part of the acid
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being changed inte this form by the action of the inflammable
matter and it on one another. We also frequently obtain a
dry black powder, which, on examination, is a pure charcoal.
This rises, or atleast is brought off from the black mixture
with a very moderate heat, and appears to have been merely
floating in it, having probably been the cause of its blackness.

A great variety of other inflaminable substances may be em-
ployed, as well as 'these oils, for producing these changes on
the vitriolic acid. I shall just mention two instances, which
exhibit classes of appearances somewhat different, and lead the
philosophical chemist to a variety of different conclusions.

The first is a very simple one. Dr. Stahl, observing the
sulphurous fumes obtained in the process which I have just
now described, and the genuine sulphur sometimes produced,
and that this sulphur did not appear till towards the end of
the process, when the matter in the retort was of aburning heas,
wished to force the acid to bear this heat from the beginning,
while it acted on inflammable bodies. For this purpose, he
took the acid as it is found combined with another substance
in the form of a salt. He chose alum, of which itis‘an ingre-
dient. He mixed dryalum with powdered charcoal. Apply-
ing a very great heat, he sublimed a quantity of pure sulphur.
a prodigious volume of air was produced, which could not be
condensed by cold, and would have burst the vessels, if hot al-
lowed to escape.

The other example is the distillation of the acid from dry
vegetable matter, such as sugar or straw. If this last be put
into the strongest sulphuric acid, it is zmmediately blackened,
aird after some time, dissolved into a dark brown or black
pulp. No smell or suffocating fumes are produced in the cold.
If we now dilute with water, a considerable quantity of impal-
pable black powder is thrown down after a long standing.
This, when examined, is very pure charcoal or carbone. It
is remarkable, that this great addition of water to the strong
- ‘acid produces but a moderate heat.. It produces, however, a
distinct smell of vinegar. If we now proceed to distillation,
we obtain real vinegar from it, and a much smaller proportion
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of the sulphurous acid and brimstone than in the process with
oil.

We shall return to this process, when we shall have acqui-

‘red a clear knowledge of the agents which are concerned in
these changes. _

In these processes, therefore, the acid undergoes a most re.
markable transformation ; for that it is a part of the acid which
is thus transformed into sulphur, cannot be doubted a moment.
When we examine this sulphur, and make experiments with
it, we find that it has every quality of common sulphur,
and among the rest, that of being convertible into vitriolic
acid by inflammation in the free air.

I have been somewhat minute in the account given of this
action of vitriolic acid on inflammable substances, because it
may be afirmed that it was the observation of these phenomena
by the celebrated Stahl that first introduced any thing like phi-
losophical discussion int~ chemistry. The vague and obscure
notioas of«Geber, Becher, and others, about their sulphur and
sulphuric principle, do not deserve such a name. But Dr.
Stahl founded, on the observations which I have now related
to you, a body or system of very precise and perspicuous doc-
trines, whose influence connected all the great.and important
phenomena in chemistry. Observing that the mixture of vi-
triolic acid with every inflammable substance produced the
same sulphur, and that the substance was no longer inflamma-
ble, he inferred, with great propriety, that all inflammables im-
parted one and the same substance to the acid. Moreover,
as those bodies resembled only in inflammability, and as none
but inflammables produced sulphur with the acid,, he has pro-
perly concluded that the thing thus imparted was the cause or
principle of their inflammability. He called it the PrLocis.
FoN. ¢ Materiam et principium ignis ego phlogistan appellare
“ incepi : mempe, primum, igniscibile, inflammabile, direct? at. ‘
“ que eminenter ad calorem suscipiendum habile, principium.”
Adding this“tovany body that attracts it, renders it inflamma.
ble; and taking it away, renders it uninflammable. Inflam. -
mation is its dissipation ; therefore the remains are uninflam.
mable. It may also be taken away by another body which at-
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tracts it more strongly: and this transference is not accom-
panied by inflammation. It is thus that vitriolic acid takes
it from charcoal.

Such is the famous doctrine of Stahl. And its immediate
and interesting consequences explain all the operations of
metallurgy. It was received with great applause. And Ger-
many became the great school of chemistry.

Such being the state of our science at the beginning of the
century, all.the chemists were accustomed to conceive and
explain these phenomena according to the doctrine of Dr.
Stahl, by supposing the volatile suffocating acid, which arises
before the sulphur, to be a part of the vitriolic acid, com-
bined with a certain proportion of their supposed phlogiston
or principle of inflammability; and the sulphur, which is
formed afterwards, to be the rest of the acid, combined more
perfectly, or saturated with a larger proportion of the same
printiple. The effect of this is to make it assume the form
of an inflammable substance, namely sulphur; which sulphur
may be inflamed and burned, so as to dissipate its principle
of inflammability, and thus to give us the acid again in its
pure state. This, I'say, was the manner in which the chemists
were accustomed, until lately, to understand the facts I have
narrated. -

But a great number of important discoveries, which have
~ been made of late, have occasioned these facts to be- now
‘viewed in a different light. It has been discovered, that

while the vitriolic acid undergoes these changes, into suffo-
cating acid and sulphur, there is extricated from the materials
a very great quantity of air, or elastic aérial matter: and, on
the other hand, when sulphur is changed again into acid by
inflammation, a quantity of air, without which it cannot be
burned, is absorbed, so as to enter into the composition of
the acid, and make up a part of it; the quantity of vitri-
olic acid obtained being, in fact, of much greater weight than
. the quantity of the sulphur burnt, nearly 24.

It is therefore concluded now, that the vitriolic acid Is a
compound of sulphur and air; and that, when the acid is
* mixed with inflammable substances, and, by being dxmllcd'
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with these, is converted into sulphurous acid and sulphur,
these changes are not produced by the addition of any matter
which it receives from the inflammable body ¢ but that, on
the contrary, by a decomposition which it suffers, a great
quantity of its air being separated from it by the superior at-
traction of the inflammable body for that air; and that part
of the acid which has lost a portion only of its air, becomes, by
its redundancy in sulphur, sulphurous acid, or volatile suffo.
cating vitriolic acid ; while that portion which loses the whole
of its air, becomes perfect sulphur.

On the other hand, when sulphur is set on fire and made
to burn, and by inflammation is converted into acid, it unites
with a part of the air which is in contact with its flame, and
which is necessary to the inflammation ; and by uniting with,
or attracting to itself, this air, it becomes vitriolic acid again,
or a compound of sulphur and air.

That a quantity of air is absorbed.by sulphur, when con-
verted into acid by inflammation, is now acknowledged by
every chemist. The most direct proof of this is had by burn-
ing sulphur in a known quantity of air, in the following man-
ner:....In a cistern of water, or mercury, setup a stand, rising
some inches above the water; and on the top of it put a small
quantity of sulphur; have ready a glass jar, and having kin-
dled the sulphur, instantly cover it with the jar, whose mouth
must dip an inch or two in the water. The heat will expand
the air a little at first, and the water will be pressed down:
but by and by the water will rise in the jar; and, when the
brimstone ceases to burn, and the whole has grown cold, the
water will have risen considerably in the jar; that is, air has
been absorbed. By attending to all the circumstances which
affect the result, it is found that the weight of the air absorbed
is equal to that gained by the sulphur consumed by inflamma.
tion,

It is also completely proved that a great quantity of air is
extricated, when we convert the acid into sulphur by the
action.of inflammable substances. Of this you had an exam.
ple in the process lately shewn with alum and charcoal. For,
unless an exit be allowed, the vessels will be burst, And if
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the vapour be collected in another vessel, it will be found
aérial, that is, incondensable by cold. It is, therefore, no
longer disputed that the acid is a compound substance, hav.
ing air, or the basis of air, for one of its component parts.
But some of the chemists still maintain that sulphur also is a
compounded substance, as well as the acid: that there is a
specific matter in sulphur, which matter, when combined
with air, forms vitriolic acid, and when combined with the
principle of inflammability, forms sulphur; and that while
this specific matter unites with air, it loses the principle of in-
flammability ; “and that when it unites with the principle of
inflammability, it loses its air. This opinion, however, is not,
supported by direct experiments as the other is. And until
those who maintain it can shew this specific matter in a sepa-
rate state, and make us acquainted with its nature and pro-
perties, there is reason to suspect that their opinion proceeds
rather from the old habits of thinking, than that it is founded
on fact. They think it is necessary to suppose a principle of
inflammability in sulphur, in order to account for the light and
heat which it gives in burning. But, by the French theory,
this light and heat are supposed to proceed from the latent
and specific heat, the calorigue, as they call it, which is sepa-
rated from the air, while this air is condensed by the attraction
of the sulphur.

From the whole of the facts, it is manifest that sulphur and
the vitriolic acid are very nearly allied. Each of them is
easily convertible into the other: and yet their preperties and
powers are very different. The acid is extremely acrid and
corrosive with respect to animal and vegetable substances:
sulphur, or the contrary, is mild and harmless. The acid
has a strong attraction for water: sulphur has not the least.
The acid mixed with alkalis unites quickly and violently, and
is strongly combined, and difficultly separated : sulphur added

‘to alkalis does not exhibit any such phenomena. Sulphur,
however, has a considerable degree of attraction for alkaline
salts, and is disposed to unite with them. - To see this, how-
ever, and make them actually unite, it is not enough that we
mix them together in thd form of dry powders. In this case,
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as in most others, it is necessary that one of the bodies, the
alkali or the sulphur, be fluid, before they will act on one ano-
ther, or unite. But this fluidity may be obtained in two ways,
either by using water to dissolve the alkali, or by applving
heat to melt the sulphur. In the language of chemists, the
one is called the dry way, and the other the humid.

1. Sulphur, in the form of a dry powder, bermg mixed with
an equal weight of vegetable alkali, must be exposed in a cru-
cible to a heat gradually increased. This melts the sulphur,--
which then unites with the alkali, forming a compound, fusible
in heat, and soluble in water. When it cools, its colour great-
Iy resembles that of liver. Hence it has been called Liver
of suLpHUR, HePAR surpruRris. This is the compound pre-
pared, vié siced.

2. A strong solution in water of vegetable fixed alkali inits
purest active state, will dissolve powdered sulphur, with the
assistance of a moderate heat. This is the preparation of
liver of sulphur, vié humida.

This combination of sulphur and alkali emits a most disa-
greeable smell, thought to resembls.that of rotten eggs. But
it has nothing putrid or cadaverous. It perfectly resembles
what you perceive in the washings or scourings of a fowling
piece : and this smell is really occasioned by hepar sulphuris.

The sulphur, when thus combined with an alkali, by either
of these processes, and dissolved in water, shews a much
greater disposition to unite with air, and to be changed into
an acid by the action of the air, than when it is pure. We
need only to expose it to the air of the atmosphere for a few
weeks. ‘Thus, by an imperceptible action of the air upon it,
.the sulphur is gradually changed into acid, which however
remains.combined with the alkali: and we have at last a com-
pound salt in place of the hepar sulphuris which we exposed.

This conversion of hepar sulphuris, a deep coloured, strong
smelling compound, into a pure white inodorous salt, by the
simple exposition to the air, is a curious fact, and naturally
excited the attention of the chemists.  When the experiment
is made in closed vessels, that is, in a vessel set under : '1J"u
inverted in a cistern of water, we discover that the change is

’,
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effected, or at least is accompanied, by the absorption of a
quantity of air; for the water of the cistern will gradually rise
into the jar. We shall find that about one fourth part of the
air inclosed with the Aepar sulphuris can be thus absorbed.
Whatever quantity of hepar is thus exposed to a given quan.
tity of air, no more air can be absorbed : and the quantity of
salt produced is thus limited.

We learn by these experiments that the air of our atmos-
phere is not homogeneous ; that there isonly a certain part of
it disposed to unite with sulphur, a little more than the fourth
part. The rest has not the least disposition to unite with sul-
phur, either when exposed to it in the form of hepar Sulphuris,
or when we attempt to fire the sulphur in it. We cannot either
inflame the sulphur, or change it into an acid, or perceive that
any of the air is absorbed.

We owe this most important experiment, and the conclusion
deduced from it, to Mr. Scheele, of Koping, in Sweden, one
of the most penetrating, judicious, and accurate chemists of
the present age. It is to be seen in detail in his Publications
on Air and Fire, and in the Memoirs of the Academy of
Stockholm. y

Much about the same time, and without any knowledge of
the other, Dr. Priestley had discovered this elastic fluid, which
appeared to Dr. Scheele as a residuum of atmospheric air.
The train of Dr. Priestley’s experiments led him to form a
very-different opinion of it. He conceived it to be atmosphe-
ric air combined and saturated with the.principle of inflam-
mability or phlogiston : and therefore he called it phlogisticated
air. Scheele called it _fou! air, which we should translate, not
tainted, put putrid, corrupted. It is now named by the Ger-
man chemists stick-stoff; i. e. suffocating or choking air.
When Dr. Priestley learned Scheele’s method of obtaining it,
he was confirmed in his opinion, and said that the phlogiston,
which had quitted the vitriolic acid, had united with air. But
however specious and perspicuous this explanation is, and
although the opinion was adopted by the most intelligent che-
mists of Europe, it is now found to be a mistake. The spe-
aific gravity of this phlogisticated air was ascertained by



T .
56 DEPHLOGISTICATED AIRS. ’

several chemists, And when this was compared with the di-
minution of bulk, it was observed that the absolute weight of
the air had been diminished as much as its bulk. This seems
incompatible with the notion of the remainder being a com.
pound of the whole original air and phlogiston. Few chemists
could admit phlogiston to be a substance which diminishes
the weight of the substances with which it unites. Moreover,
experiments were afterwards made, which completely refuted
Dr. Priestley’s opinion. = Dr. Priestley and Dr. Scheele had
discovered a method of purifying air from every thing that
could be supposed phlogiston: and Dr. Priestley therefore
called it éfep/tlogisticated air. It was indeed his greatest dis-
covery ; and has produced a total and extensive change in the
chief doctrines of chemistry, as you will very soon see. Now,
if this experiment of Scheele’s be made with dephlogisticated
air, that is, if the jar in which the /zepér sulphuris is exposed,
be filled with this instead of atmospheric air, the separation
of the sulphur and alkali is effected with great rapidity: and
the dephlogisticated air is completely absorbed, and disappears.
Here there is no longer room for doubt: and it is perfectly
agreeable to Scheele’s view of the matter. There is no foul
air in the beginning, and therefore none can remain.

These experiments succeed exactly in the same manner
when we make use of the fossil alkali in its purest state. And
sulphur is also capable of being joined to the volatile alkali,
but by a very different process, of which we shall speak here-
after. .

From the experiments you have now seen, you have gotten

some knowledge of the nature of sulphur, and of the origin of
the vitriolic acid, and you see the propriety of the new names.

Sulphuric denotes its origin: and sulpfivrous (su'lphurosus)",
denotes a redundancy of sulphur in the volatile suffocating

acid.

Of this last, it'is proper to remark, that it is much less emi.
nently acid; and when combined with suiphur to the -utmost,
has little sourness of taste. Its attraction for water, and for
alkalis, is also prodigicusly diminished. It even seems to
unite with water reluctantly : and exposure to airtakes away
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the peculiar smell, and gives us simple sulphuric acid.
There are even some curious experiments, where the
suffocating vapour is made to deposit the sulphur it con-
‘tains in a snow-white dry powder. The weakest acids
dislodge it from an alkali. '

‘The change of sulphur into acid is performed by the
chemical artists as a manufacture. ‘It may be effected by
different processes: but only one of them produces the
acid in its most perfect and most active state. This pro-
cess consists in an inflammation of the sulphur. A pro-
cess for this purpose was prescribed formerly in our
Pharmacopeias, under the title of Spiritus Sulphuris per
Campanam ; and had this name from the apparatus em-
ployed, which was a large glass bell hung over a wide dish,
in the middle of which stood a small vessel with burning
sulphur. By this process, however, a small quantity only
of the acid was obtained. By far the greater part arose
fnom the flame of the sulphur in the form of the sulphu-
rous acid, which was very difficultly condensed; and when
condensed, afforded an acid liquor, which continued to
have the same suffocating odour, and was very diflerent in
several respects from the strong vitriolic acid.

It is evident that this proceeded from an imperfect in-
flammation, and incomplete change. Processes have since
been contrived, by which the inflammation is made more
complete, and the sulphur is changed into a large quantity
of perfect vitriolic acid. I shall mention the manner of
.doing this hereafter.

This much is sufficient at present with respect to sul-
phur, of which it was necessary to take some notice, on
account of its connection with vitriolic acid. We are to
take farther notice of it hereafter, in treating of inflam-
mables, -

Let us next turn our attention to the natural history of
this acid. Some time ago, it was very generally supposed
among the chemists,.that this acid abounds in the air, or at
least that there is some of it always mixed with common_
air. It was called the Acidum vagum Aéreum. Nay, some
of the most eminent chemists conceived it to be the primi-
tive acid, and called it Acidum Primigenium, affirming that

VOL. TI. H



58 - ORIGIN OF VITRIOLIC ACID.

it made the basis of all acids. But the experiments to
prove these points are not satisfactory: and there are
others which are incompatible with them. d

The place in which this acid is in reality found, is th.‘e
interior parts of the earth. Sometimes, if we may credit
observers, it is found combined with water alone, in some
mineral waters. But this I think very doubtful. The bad
air, or vapour, by which miners have been sometimes suf-
focated, has also been supposed by some to be vitriolic
acid, on account of the steams of burning sulphur being
also suffocating.  But all accounts of those vapours shew
“them to be a very different matter; of which hereafter.

Upon the whole, we have no clear.evidence that this
acid ever occurs in a separate state, except in the steams
and smoke of volcanoes and volcanic ground ; which steams
are said often to have a very perceptible and suffocating
odour of burning sulphur. But it is found in great quan-
tity combined with other matter; as in gypsum combined
with lime ; in bitter purging salt combined with magnesia;
in alum and aluminous stones or clays; and in vitriol,
green, blue, and white; the origin of all which, and the
processes for obtaining the acid from them, shall be cons
sidered as we proceed.

U.57 ........ .This acid 1is itself employed as a medicine,
and s

necessary in the prepasation of a great number. It

is used in the arts; inthe process of making aquafortis; in
separating copper from gold; also in the bleaching of linen,
the tanning of leather, and the art of dying. The sulphurous
acid is used for whitening woollen stuffs and silks, &ec. &c.
And vitriolic acid has been the great instrument in the
hands of the chemist for detecting other acids, by dislodg-
ing them from the compounds in which they were con-
tained.

SRECIES- TI1.....

NITROUS AND MURIATIC ACIDS.

The nitrous and muriatic acids derive their names from
the nitre and sea-salt, from which they are commonly ob-
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tained. In their strongest state, they are not so heavy as
the vitriolic acid; and are therefore supposed to contain
less saline matter and more water. The salt which they
contain appears to be of itself very volatile, and to have its
volatility repressed by the water with which it is joined.
This appears when we attempt to prepare those acids.of ex-
traordinary strength. They arise in the form of fumes;
which cannot be condensed, except we apply a receiver
with some water, by which the acid -particles are strongly
attracted and condensed, and brought into the form of a
fluid, more or less manageable, according to the quantity
of water with which the acid is combined. If the quantity
of water be moderate, it will not be sufficient for totally
repressing the volatility of the acid, some of which is
always disposed to fly off in vapour whenever the fluid is
exposed to the air. But if much more water be added,
the disposition to smoke in that manner will be diminished,
until it is entirely taken away ; the greater .quantity of water
having more power and effect in suppresing the volatility
of the acid. :

But it is proper to observe here, that both of them ap-
pear sometimes in a more volatile, sometimes in a less
volatile state ; the causes of which shall be explained here-
after.

When they are diluted with a large quantity of watex,
we can distil off part of this water,and render the acid again
moderately strong. For it is very remarkable, that when
they are moderately diluted only, they compose, with the
water, a fluid that is rather less volatile than either the wa-
ter or the acid particles in their separate state. If we
therefore subject them to distillation in a largely diluted
state, a part of the water distils over at first by itself, or
with very little acid, and the acid in the retort becomes
stronger. But they can be strengthened in this manner to
a certain degree only, which falls considerably short of the
strength to which vitriolic acid may be brought by this ope-
ration. This proceeds from their being more volatile than
that acid.

What has been said so far, therefore, is applicable to
both these acids.  But we must consider more particularly
the nature of each by itself,
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FirsT, therefore, the nitrous acid, when very strong,
smokes if exposed to the air; and emits ruddy fumes, ot
a highly disagrecable suffocating smell, which tinge the
air in the phial in which it is kept, with a deep orange co-
lour, but perfectly transparent. When this vapour gets
out, and mixes with the air, it forms a dense cloud of ruddy
mist, sometimes as red as blood. The acid may be cleared
of these fumes, by distilling off a small quantity, and is
now called Nitric Acip. What remains is equally, per-
_haps more acid than before, but does not smoke. Yet if
this acid be exposed to the light of the sun, in a phial
close shut by a glass stopper, it immediately begins to
tinge the air above it, and to produce the same fumes.

The most eminent and distinguishing property of this
acid is the strong action which it exhibits on inflammable
bodies, and the violent effects which it produces, when
mixed with a number of those substances. They are
among the most surprising phenomena that chemistry ex-
hibits. You have a good example in its action on the
aromatic oils. If one of these, such as oil of caraways, or
even oil of turpentine, be put in a small dish or cup, and
about two ounces of the strongest smoking nitrous acid
(usually called Glauber’s spirit of nitre) be poured into
the middle of it, the mixture immediately grows hot,
smokes, boils, or froths up, and bursts out into a bright
flame. The experiment is attended with some risk of
being bespattered with the burning stuff, and should there-
fore be performed in a particular way. Some little cir-
cumstances must also be attended to for insuring success.
Let the oil be in a dish, in form of a cup; and put the
acid into a three-ounce phial, of which the neck is cut off;
this must be fastened to the end of a long stick as a han-
dle. The quantity of the acid should be about half of
the oil. Pour in about two thirds of it; and as soon as
the violent boiling begins, pour in the rest, where the boil-
ing stuff appears blackest and driest. The oil of turpentine
should either be thick by long keeping, or be thickened =
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little by some turpentine. Mixing about a third part of
_the strongest vitriolic acid with the nitrous acid is thought
to make the success more certain.

This surprising experiment was first published by Dr.
Hoffman, with respect to one kind of oil. But others have
since shewn that the nitrous acid produces the same effect
upon a great number of the oils, and even upon charcoal ;
when finely levigated, it fires it instantly; only, that with
some of those oils the mixture must be made in a parti-
cular manner; and, in general, the acid must be used as
strong as possible.

As the vitriolic acid is blackened, and made to yield
suffocating vapours, by the smallest addition of inflammable
substances; so such addition to the nitric acid causes it
to assume the orange colour, and give out those ruddy
fumes; and it is then in the state called N1iTROUS AcID.

From the late discoveries in chemistry, there is reason
to conclude, that this power of the nitric acid to act with
such violence on the inflammable substances, depends on its
containing a large quantity of the same sort of air which
makes a part of the vitriolic acid,....a particular kind of
air which I shall soon make known to you. In the nitric
acid it is more loose and active than in the vitriolie acid;

" and there is a strong attraction between this air and the
inflammable substances.  The nitric acid, therefore, in
acting on some of them, produces elastic fluids, and violent
explosions, and very bright and rapid inflammations.  All
these particulars, in the constitution of the nitric acid, and
their relation te the phenomena of combustion, will open
upon us by degrees, as we proceed in our examination of
chemical bodies.

This acid mixes with water, producing heat, ebullition,
red fumes, and a green of blue colour, which, by adding
more water, is weakened, and disappears.  This blue
colour, also appears to be owing to the action of inflamma-
ble substances; for, when it is diluted, and has lost its
blue colour, it may be restored by a single drop of spirit of
wine added to several ounces of the diluted acid. N. B.
"This diluted acid is the aguafortis of the shops.
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You may remember that, on another occasion, I men-
tioned the remarkable effect of this acid on water, in the
form of ice or snow, especially the last. It melts them
into an acid brine, and the liquefaction is accompanie.d with
most intense cold. . But I then explained the cause of this
sudden disappearance of heat, It is no way inconsistent
with the production of heat by the mixture of the acid
with water. Vitriolic acid produces the same effects : but
the cold is inconsiderablg ; because the freezing or crys-
tallizing temperature of the acid is not very low ; whereas
the nitric acid has never yet been congealed by cold, when
moderately strong.

Natural History........All the nitric acid we have is
extracted from a compound salt, namely, common nitre
or saltpetre; with the natural history of which I shall soen
make you acquainted. There is also unquestionable evi-
dence, by experiments of Mr. Kirwan, Milner, Berthollet,
and others, that it may be produced by mixing air with
pure volatile alkali. You will see, as we proceed, how
this may happen, although neither of those vapours contain
this acid.

This acid is employed in pharmacy, in preparing a num-
ber of the articles of the materia medica ; and is necessary
or useful in many other arts, as parting of gold and silver,
etching, scarlet dye, and others.

SPECIES IIL...MURIATIC ACID.

THe muriatic acid, in its ordinary state, is a light yel.
low, or citron-coloured fluid, which, being exposed to the
air, emits fumes that do not tinge the air, but are colourless
and transparent in the phial ; and when allowed to exhale,
and mix with the air of a chamber, they render it misty.
These fumes also are noxious to the lungs of those who
are much exposed to them. But their smell is very dif-
ferent from that of the nitrous acid, and is thought by
some to resemble the smell of saffron.

These aré the characters of this acid in its more fixed
state.  But T must not omit t6 inform you, that it is also
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liable to great difference in the degree of its volatility. As
obtained by the process usually-prescribed for preparing
it strong, it is of a paler colour, and sometimes has hardly
any tinge of yellow. It is then in a much more fuming
state ; and the fumes are much more disagreeable and
suffocating. Yet with all these appearances, it is not, as
an acid, so strong as when less fuming. If we distil away
the half, the fuming, or most volatile part, comes over,
while the stronger and more fixed remains in the retort.
This more fuming state seems to depend upon the same
cause as in the nitric acid: but we cannot demonstrate this
so clearly by extemporaneous experiments¥*,

In mixing with water, it does not produce so much heat
as the former two fossil acids; and its colour is only
diluted, and the fumes suppressed.

It has very little attraction for inflammable substances.
It acts upon them but very slowly and weakly, never pro-
ducing heat or ebullition. Its action is best observed when
1t is digested with them. Itis then found to darken in its
colour, and thicken in its consistence. '

Origin.........Margraaf observed that a minute quantity
of it exists in the air; but it is found no where else in a
separate state. Great abundance of it, however, is found
in a state of combination. Common salt, which, as we
observed before, is formed in such great quantities in
the earth, as well as in the sea, and one half of which is
composed of fossil alkali, has this acid for its other half ;
and from it this acid is always obtained.

-

The preceding observations may suffice for giving you
a preparatory knowledge of the general characters of the
mineral acids, as far as is necessary for understanding
their manner of acting on certain great classes of chemical
bodies. In the consideration of those bodies, and of the

* 1 confess that the two cases seem to me to be remarkably different. -
The vitriolic and nitric acids are most eminently acid, when they have no
redundancy in their distinguishing ingredient. The muriatic acid is most
eminently acid, when it has the greatest proportion of its distinguishing
ingredient. This anomaly still remains a mystery.....Ep1ToR.
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way they arc affected by their union with these acids, we
shall learn by degrees much more concerning the nature
and constitution of the acids themselves.

I observed before, that there are many more acids than
these : I do not propose, however, to take notice of them
all at present ; but will confine myself to the description of
three of them, of more frequent occurrence. They are
distinguished from the former, or mineral acids, by being
much less power{ul as acids, and less perfect as salts.

These three are called,

The Acctous Acid ;

The Acid of Tartar; and

The Sedative Salt, or Acid of Borax.

The acctous acid, and acid of tartar, are called the
vegetable acids, on account of their being obtained from
vegetables only. The acetous is got from fermentable

vegetable substances, by fermenting them in a particular

manner ; and it seems to be formed by the fermentation,
The acid of tartar also is obtained chigfly from fermented
vegetable juices ; but appears to exist in the vegetable
matter before the fermentation, which does not form this
acid, but only extricates it. 'The nature of fermentation,
and the particular kinds of it by which these acids are
obtained, shall be considered on another occasion. At
present we shallattend to the properties of these two acids
thus obtained.

SPECIES 1V.....ACETOUS. ACID,.

Tue AceTous AciDp, or VINEGAR, is of all the acids the
most commonly known, and from it even the fossil acids
derived their name. It resembles them in several particu-
lars. Like them, it is a watery fluid; and, in its original
state, is always unavoidably diluted with a very great
quantity of water; so that if we compare its strength with
that of the fossil acids, we shall find that it has hardly equal
acidity to a mixture of these with 40 or 50 times their
weight of water. Itis, in fact, a mixture of the true
saline matter and water, in the same manner as the fossil
acids. It may be freed from a very considerable portion
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of the water by freezing. The ice which is formed scarcely
retaips any of the acid.. Having done this by a moderate
frost, the liquor which remains, and which contains almost
the whole acid, may be exposed to a more intense cold,
which will separate still more water, and leave the acid
of very great strength, not less than ten times its former
strength. However, this method cannot be practised except
in the coldest climates. But you will learn other methods
by which it may be freed from a great portion of this
superfluous water, and made equal in acidity to some of
the mineral acids.

But besides this great proportion of water in which it
is diffused, we find it mixed with a quantity of mucilaginous
and inflammable matter, and some other saline bodies
beside our acid. ‘When we desire to render it purer for
chemical purposes, we separate these impurities by distil-
lation, the purer acid being so volatile as to rise by a
moderate heat, very little exceeding that of boiling water;
while the other matters, which are not disposed to rise at
this heat, remain. It is then called distilled vinegar. By
the same operation too we can free it of some part of its
water : that is, having first separated it by distillation from
those extraneous .matters which are less volatile, we
separate some of the water that dilutes it, by another
distillation, in which the dephlegmated acid remains in
the retort. By this method, the acid is pretty well
separated from the slimy, tartarous, and other fixed
matters. But the separation of the water, or the dephleg-
mation or concentration of vinegar, as it is called, can
be carried only to a very imperfect length by distillation
alone, on account of the small difference in point of volatility
between the acid and the water. Other ways, therefore,
have been attempted, 1st, By freezing, as has been
already mentioned ; 24, By joining some fixed substance,
which diminishes its attraction for water, and fixes it so
as it can be reduced to a dry mass ; and then it may be
separated by heat alone, if it be not too strengly retained,
or with the assistance of some addition, such as charcoa!

VOL. IX. I
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dust¥., At present, I can only notice the general principle
on which those additions are made, namely, to force the
acid to bear a considerable heat. But this alone woul(.i not
be enough. It only comes in aid of elective attractions,
which of themselves are too weak. The particular modifi-
cation of each of these additions not being yet fan.]iliar to
you, I need not name them at present. . They will occur
in course. , :

Thus it may be made as strong as the fossil acids.; for
though it is more easily elevated by heat applied, it is not
so elastic as the nitric and muriatic'acids.  In this very
concentrated state, the acetous acid qrystallizes, and its
vapours are -inflammable, as also the acid itself, if made
pretty warm. This operation, however, is not necessary
to prepare the acid for the common uses to which it is
applied. For common uses, it is only purified by distil-
lation: and it is then known by the name of distilled vinegar.
It resembles the fossil acids by effervescing with alkalis in
their ordinary state, and by uniting with them, and with
absorbent earths, and some metals, though weakly. = Like
those acids, it changes vegetable colours to red. But it
has little effect upon inflammable bodies ; though it may
be combined with them ; nor is it so acrid and corrosive,
even when equal in strength.

But there is another remarkable particular by which it
differs from the fossil acids, viz. by being easily destructi-
ble by the action of heat, if the heat to which it is exposed
ever rises to the point of ignition. We may observe the
effects of this heat upon it, by joining to it some fixed sub-

~ stance that can retain it, and repress its volatility with pro-
per force, such as a fixed alkali. If it be united to one of
these, and the compound exposed to heat in close vessels,

¥ Mr. Lowitz, an eminent chemist at Petersburg, found that charcoal
acts on acetous acid, so as to make itresist a heat somewhat exceeding that
of boiling water. Therefore, by managing the distillation with great care,
all the water can be expelled, and what remains in the retort is the charcoal,
combined with the acetous acid. This state of things must be indicated By
thie cessation of drops from the neck of the retort. The receiver must now
be changed, and the heat raised a few degrees. The acid will now come
over in the most fragrant, pure, and concentrated state that can be
produced.....EPITOR

s
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. as soon as the compound salt approaches to a red heat, the
acid begins to be totally destroyed. The principles of it are
disarrangéd, and made to enter into new combinations with
one another, so that we never can recover it again. It is
scorched, burned, and destroyed by the heat, and converted
into feetid, watery, and oily steams, and a black coaly matter
adheres to the alkali. ]
The same change is produced by fire on all vegetable mat.-
ter in general. And as all.other vegetable matter is inflamma-
‘ble, so is also this acid. -

SPECIES,V....ACID OF TARTAR.

The other species of vegetable ‘acid; which is known by the
mame of the acid of tartar, or the tartarous acid, is still more
gross, and farther removed from the nature of the more pure
and perfect salts. Fpr although we can reduce it to a dry state,
and crystallize it, it is peither a fusible nor a volatile sub-
stance. I mean that, e%&pt a watery fusion, which the crys-
tals can undergo, it is no capable of being melted, or convert-
ed into vapour by heat, like most other salts, so as to resume
its natural appearance and properties, when it is cooled. When
heat is applied to it, no sooner does the heat rise above that of
boiling water, than this acid begins to be scorched and burned
by the heat acting on it, as happens to vegetable matter in gene-
ral; and as the heat is increased, fetid, oily, and sooty steams
arise from it, which may be seton fire. A black coal remains,
which may be burned to ashes; and thus the acid is totally lost
and destroyed ; that combination of its principles upon which
its properties depend, being now so completely undone, thatit
never can be restored again.

Water applied to this acid, dissolves it easily and in great
quantity. The solution, when very strong, is thick like a si-
rup, and has an agreeable acid taste, like that of lemons. It
effervesces with alkalis, and unites with them as other acids do:
but it does not affect the v=etable tinctures so much.

Origin.....r.It is extracted from the vegetable salt called tar- °
tar, which contains this acid combined with an alkali, and
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which is found in the juices of many of the vegetables, parti-

cularly in that of the grape. The nature of this compound
salt, w hxrh was not thoroughly understood, until it was inves
tigated by Mr. Scheele of Sweden, shall be explained when we
treat of the compound salts.

Beside the tartar commonly known and used in medicine,
there are other kinds, a little different from it, in the juices of
other vegetables ; as sorrel, tamarinds, &c. The difference
of them from common tartar depends upon their acid, which
is a little different, though it agrees in its nature upon the whole;
all of them being totally destructible by a burning heat, and
with the same phenomena as those that a accompany the destruc-
tion of the tartarous acid of wine.

For a great variety of vegctable acids, mapy of them newly
discovered, sce Fourcroy’s Preliminary Discourse to the se- }
cond edition of his Klements. y

SPECIES VI..SEDAWMVE SALT.

The sedative salt, the next in order, was so called from some
virtues in medicine, which it was supposed to have when it
was first discovered. Its powers as an acid are still weaker
than those of the vegetable acids. We can hardly perceive
any acidity in it by the taste ; and it has very little effect on
‘the vegetable colours, But it effervesces with alkalis, and
unites with them in the same manner as the'acids : and it can
be combined with some of the earths which have attraction for
acids in general. It is obtained from a compound salt, calied
borax.  And the nature of the operation by which it is ex-
tracted from the borax, is such, that the sedative salt is ob.
tained in a crystallized state ; the crystals which it forms being
mostly flat and thin like the scales of fish, and fecling slip-
pery between the fingers. When we make experiments upon
it in this state, we find two things very remarkable in it;

The first is the manner in which it is affected by heat applied
to it. 'When esposed to heat in'the open air, it generally
emits white fumes, and seems to melt; but this is only a
watery fusion, and it seon becomes dry and spongyv. If it be
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heated in a retort, it ﬁrs.t undergoes the watery fusion; then
water 1s distilled from it; some of the salt sublimes; and the
rest remains perfectly fixed. Were we to form a conclusion
too hastily from this experiment, we might imagine that this
salt is not homogeneous ; but that part is fixed, and part vola-
tile. But we shall be undeceived if we pursue the experiment.
If we collect the sublimed matter, and examine it, we find it to
be precisely the sameas the sedative salt was at first, only
formed into smaller, thinner, and lighter scaly crystals. When
these are exposed to heat in the same manner; they shew pre-
cisely the same phenomena which have been mentioned above.
On the other hand, the fixed part, which remains in the retort,
is'hard and transparent, like glass or horn. But it dissolves
in hot water, and crystallizes on cooling, and undergoes the
same changes as that which was sublimed.

These experiments, therefore, shew that there is no differ-
ence between one part of this salt and another; but that the
manner in which a part of it sublimes is this: the crystals of
it, like those of many other salts, contain a good deal of water.
When heat is applied to these crystals, watery fusion takes
place; and the water is gradually driven off in the form of
vapour. While the quantity of the water which adheres to the
salt is thus diminished, the remainder is retained the more
strongly; the greater proportion of saline matter with which
it is combined, acting upon it with a greater power of attrac~
tion. And when the heat increases to such a degree as to
foree it to rise, a part of the salt rises with it. They cohere
too strongly to be completely separated by heat. At last,
however, so much of the water is separated, that none, or
scarcely any, remains with the salt in the bottom of the retort.
The saline matter then shews its natural relation to heat. It
is fixed in the fire, and melts into a transparent viscid fluid
like glass. But this glass-like matter can all be made to sub.
lime by repeated additions of water.

In this manner is the sedative salt affected by heat. The
other remarkable particular observable in it, is the effect it
produces on spirit of wine. Sedative salt dissolves very readily
in highly rectified spirit of wine, especially if previously de-
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prived of all water; and, in this state it may be taken up by
the wick of a lamp, or any bibulous substance. The best way
of observing its effect on the flame, is to dip some paper into
the solution, and hold it upright while burning. The flame is
of short duration, but very large, and of a beautiful green
colour, especially at the top.

Although this salt shews strong attraction for the water
which it contains in its crystals, it has but little disposition to
unite with more water, or to dissolve in it. Cold water dis.

solves very little of it. Hot water has much more effect:.

but when the solution cools, the greater part crystallizes.

The origin and natural history of the sedative salt was,
until of late, very obscure, All that we knew of it was, thatit
is a part of a compound salt called Borax, imported from Bou-
tan and Thibet, in the East Indies. But when inquiry was
made about the origin of the compound salt, we could obtain
no distinct accounts of it; reports only bearing that it was pro-
cured from certain mineral waters. This, however, was not
satisfactory ; because nothing like it was known in Europe or
America.

At last, however, two or three years ago, some hot mineral
waters were discovered by Hoefer in Italy, in the neighbour-
hood of Siena, and also in the Duke of Tuscany’s dominions,
which, beside other ingredients, contain sedative salt. ("LEx.
trait des Observations sur les Lagenis au pais de Siena, et celu:
de Volterra en Toscan, par Paul Muscagne. Observations d¢
Phys. 1780.) The description of the neighbourhood of the
ponds where the sedative salt is found, and the account of the
changes incessantly going on there, in which the firmest flinty
rocks are continually mouldering away and forming new com-
pounds, is extremely curious, and will lead the philosophical
chemist to very important reflections. In these places, the

sedative salt is sometimes found in considerable masses, gene.

rally adhering to a schist or slate, in crystals considerably dif.
fering in form from what I have been describing. It is also
{requently found combined with other substances, sucli as lime,
clay, volatile alkali. But Hoefer has not found it in that state
in which it is gotten in India.....See also Zxperiences sur les
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sels sedatifs, nitreux, marin, et aceteux, par M. Cadet, Ac. Roy.
1780.

It is also found in a very hard stone at Luneburg in Ger-
many, and may probably be found in others.

As I have already observed, there are several other sub.
stances having the chemical properties of acids. Amber fur-
nishes one ; ants yield another. Several plants contain acid
juices ; such as sorrel, rhaponticum, and the whole family of
the rumices or docks. Most of the pulpy and fleshy fruits of
trees and shrubs yield it in abundance. Thes Bare all of 2
very complex nature ; and are eminently distingfiished from
the mineral acids, in their being destructible {;y fire, in such a
way that they cannot be recovered. Youare notyet prepared
for understanding their distinguishing properties. Indeed
these are not yet very fully investigated, having but lately at-
tracted much attention.

Besides these, there have been discovered two other acids,
which are not destructible by fire ; namely the acid of phos-
phorus, and the acid of fluor or spar.  Fhese have very distinct
and very remarkable propexties;, and shall be duly noticed as
tve proceed.



active classes of chemical bodies, the alkalis and the acids, and
having taken some notice of their disposition to unite and
combine with each other, I take this first opportunity of mak-
ing you familiar with the most important part of chemical
science and art,....the composition,; and decomposition of bo-
dies. The' relation of the alkalis and acids affords the best
example of this. The phenomena are simple and precise:
and therefore are the most proper specimens, Besides, the
union and separation of acids and alkalis occur in almostevery
other chemical investigation.

I have considered three alkaline salts, and six acids. And
I am now to explain, how these nine salts, or saline substances, -
unite with one another to form the compound salts, which
have been a long time known and in use.

-

A person who knew nothing more concerning the compound
salts which we are now to describe, but that they are formed |
by different combinations of the nine simpler salts which you
have seen, might naturally suppose their number to be \;ery
great; for, were the simpler salts capable of being combined f
in a great vari.cty of ways, in respect of number and propor- #
tions of the ingredients, the different compounds producible
from them would amount to a very great number indeed.

- But when you call to mind the nature of chemical union in
general, and the account which I have given of the sdifferent
simple salts, with respect to their power of combination, that
is, the limited manner in which alone they are disposed to

~
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unite, you will perceive that we can produce from them but a
very moderate number of compound salts.

For, in the first place, it appears by mixing them variously
together, that no acid has any attraction for any other acid, nor
any alkali for other alkalis. Acids may be mixed intimately
with acids, and alkalis with alkalis; because they can be ap-
phed to one another in the form of watery fluids: but thus
mlxed they do not shew any chemical attraction for one ano-
ther. The volatility and other properties of the volatile acids
arenot in the least diminished by mixture with the fixed acids,
nor the volatility of the volatile alkali, by the fixed alkalis.
The only manner in which we can obtain compound salts, is
by mixing the acids with the alkalis. These, upon all occa-
sions, shew a chemical attraction for one another, and are
strongly disposed to unite. And their union, when we em-
ploy them in their ordinary state, is always accompanied with
that violent effervescence which you have seen.

But what still farther limits the number of salts producible
in this way, is, that almost in every case the acid and alkali
are capable of uniting firmly together, in one certain proportion
only. What the nature of this proportion is, we cannot pre.
tend to say. Whether it consists of an equality in the number
of the atoms of the two salts; or whether there must be two'
acid particles or atoms to every one of the alkali, or two of
the alkali to one of the acid; or what other proportion, dif-
ferent from either of these, may be necessary to constitute
the compound salt, cannot be determined. But, in order to
explain the formation of these salts more distinctly, I shall
suppose that the proportion in which the acid and alkali are
disposed to unite the most strongly, is that of equality. Let
us then take an acid and an alkali dissolved separately in water,
and add a small quantity of the acid liquor to the alkaline one.
Every atom of the acid that has been added is united with a
respective atom of the alkali, so that a certain quantity of the
alkali is changed into a compound salt, which, if there be water
enough to dissolve it, is equally distributed through the hquor,
and blended with the remaining alkali. But this remaining
alkali still retains all its properties, and is precisely the same

VOL. IL K
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as before. 1f we go on to add more acid by degrees, we shall
successively change more of the alkali into a compound salt,
until such a number of acid atoms have been added as are suf-
ficient to change the whole of it. Then the mixture is com=
plete.~ If we add more of the acid, it will suffer no change. It
will be uniformly diffused through the liquor, but will remain
disengaged, and retain all its properties. Or, if a small quan-
tity of it sometimes attaches itself to the particles of the com-
pound salt, its adhesien isloose and imperfect, and easily overs
come. This is not only the case with regard to the same acid
which enters into the composition of the compound salt. But
ceven although we add any other acid, it will either produce no
effect whatever ; or, if it does unite itself to the alkali, it 1s sure
to separate the firstacid, so as to produce a different compound
salt, but one of a similar nature to the former, in so far as there
is a limit to the proportion of acid and alkali of which it is com-
posed. What has now been said with respect to the mixture
of different acids with the same alkali, must be understood also
of different alkalis mixed with the same acid. As the same
alkaline atoms are incapable of being strongly united by at-
traction with two or more different’species of acids at the same
time; so the same acid particles are incapable of being
united at the same time with more than one species of al-
kali. X

I have been thus particular in e)ﬁplaining the manner in
which acids and alkalis unite to form compound salts, for this
reason, that the simpler salts, and especially the acids, are
among the most active of the objects of chemistry. They dis-
solve a variety of earths, metals, and other bodies ; and unite
with these in 2 manner very much similar to their manner of
uniting with alkalis ; upon which account it was proper to ex-
plain this once for all at full length. On this subject I recom.-
mend to your serious perusal Mr. Kirwan’s dissertation on
the attractive forces of the mineral acids, published in the Phi.
losophical Transactions, and also in a separate voluge, You
will there meet with many important *ervations on the pro-
portions of the ingredients, and the variations to which this
is subject, and many other instructive particulars. Mr. Ber.




COMPOUND SALTS. 7

thollet has also considered this subject with peculiar care and
great judgment.

The compound salts, however, are not always produced by
joining together artificially the pure acid and alkali which they
contain. Some of them are found ready formed by nature.
Others are produced accidentally, in chemical processes, in
which their constituent salts are mixed together, although
their union is not the principal object of the operation. = But
there are some which we never obtain but by mixing, on pur-
pose, the acid and the alkali necessary to their composition.

When we produce a compound salt in this way, and gra-
dually add the acid and alkali to one another, in order to at-
tain the due proportion, this is called saturating these salts
with one another. And when the due proportion is found,
we say they are mutually saturated, or that we have attained
the point of saturation. This point is judged of commonly
by the gradual diminution and cessation of effervescence. But
there are other marks which are more certain and exact signs
of saturation. If we trust to the cessation of effervescence
alone, we may commit mistakes, especially if we do not take
care to agitate the mixture very frequently and very briskly,
while we are adding the one salt to the other.

Thus if we add an acid to an alkali by degrees, till the ef-
fervescence ceases, we shall afterwards find that we have ad-
ded too much acid ; for the liquor will now effervesce by the
addition of alkali. The same effect will take place, if we be-
gin by adding alkali to an acid. It was proper to take notice
of this circumstance, because it is a general fact in all effer-
vescing mixtures. Nothing will secure us against the dan-
ger of exceeding in one of the ingredients, but frequent and
brisk agitation of the mixture, especially as we approach to
the term of saturation.

But better proofs of exact saturation may be had by exami.
ning the state and qualities of the mixture : for the compound
salts thug produced have very different qualities from either
acid or alkali. The ggid in a scparate state has a strong sour
taste : the alkali haé,‘?a',,diﬁ'erent one peculiar to the alkaline
salts. , The acid gi-véé a red colour to the blue or purple tinc-
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tures of vegetable flowers: the alkali gives a green. But
when they are properly united, the compound salt which they
produce has not the taste of either acid or alkali, but one much
milder, and of a quite different kind. Moreover, it occasions
no change of colour in the vegetable infusions.

By these marks, therefore, we can bring the mixture to
more exact saturation, particularly by vegetable colours. And
the best manner of using the vegetable coloursis to have some
paper or fine linen stained with them, little bits of which being
dipped into the mixture, will immediately shew, by the change
of colour, whether there be any superfluous acid or alkali in
the mixture: and it is best to have different kinds of these for
different purposes. Thus the juice of the flowers of the March
violet is the most sensible to alkalis. And the infusion of the
dying drug, known by the name of Litmus or Lacmus; is the
most sensible to acids, though little affected by alkalis. Therg
1s also a coloured infusion prepared from red cabbage, which
is recommended by Mr. Watt, in g paper in the Philosophical
Transactions, as a most delicate trial of the presence of acid.
And the purple skin of the common radish, when scraped off
with a knife, gives a juice with which paper may be stained
for this purpose, so as to afford a very nice trial of acid or
alkali in liquors,

In some cases, however, it is not necessary to be extremely
nice ; because the nature of the particular salt produced is
such, that though the acid or alkali be redundant, the com-
pound salt is easily separable from this redundant acid or al.
kali, by crystallization or otherwise. Thus, when we compose
a salt of an acid and the volatile alkali, we choose rather to
add a little too much than too little of the volatile alkali; be-
cause this alkali is so volatile, that when the water is after-
wards evaporated, we are sure that all that is superfluous will
fly away. And we shall see afterwards that crystallization
likewise, in some cases, will purify a compound salt fxofx;g acid
or alkali. Lt e -

.The other particulars by which co, : und salts dié‘é’rg‘f;onl
a.c1ds.and alkalis, are, 1st, A weaker attraction for water ; so
that in general they are easily separable, and dried or crus.
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tallized ; 2d, Much less acrimony than either of them.
Most of them do not act at all, and the rest but weakly,
on metallic and earthy bodies, and inflammable substances.
From this variety of effects, the acids and alkalis have
been considered as contrary or opposite in their nature,
and as qualifying and counteracting one another in the
compound salt. Hence have arisen the names of neutral
salts and sales medi®;wthough, when they are considered
more attentively, th:re seems to be but little foundation
for this supposition of their contrariety. The whole is
perfectly agreeable to that general observation, given for-
merly, with regard to mixture, that when two bodies are
united by a streng attraction, their activity or acrimony,
and their attraction for other bodies, is very much dimin-
ished, or entirely disappears. The eplthet, neutral, is
applied to the compound salts with considerable propriety;
because the compound has neither the properties of the one
nor of the other ingredient. Middle salts is a less proper
name.

From the view which I have given of the nature of
compound salts, you must now perceive very plainly, that
all the varieties producible from the nine simpler salts
already described, amount only to eighteen: for each of

“the alkalis is only capable of being combined with any of
the six acids; so that with three alkalis and six acids we
can produce only eighteen compound salts. Even of these
eighteen, some have net been examined, or applied to any
use; and therefore are not commonly prepared or treated
of in chemical books. '

By thus considering the possible number, you perceive
that they can be reduced to the form of a table, in such a
manner that the place of each shall point out the acid and
alkali of which it 1s composed:




TABLE OF NEUTRAL SALTS.

| Vitriolic Nitrous | Muriatic | Acetous Tartarous Sedative]
| Acid. Acid. Acid. Acid. Acid. Salt. .
Vegetable Vitriolated Ni * Sal Sal * Tart. Solub.

Alkali. | Tartar. e Digestivus.[Diureticus.| and Tartar.

Fossil | Glauber’s | Cubical [ Common E7 ‘/L'Sal Rupellensis.|’ Bk :
Alkali, [« Salt. | Nitre. Salt. ‘:’{"14 Rochelle Salt. :
Volatile | Vitriolic | Nitrous [~ Sal , ‘Spiritus , I
Alkali. {|Ammoniac. Ammoniac.|[Ammoniac. Mindereri.

The neutral salts may be decomposed, and the simpler
salts of which they consist separated from one another, in
some cases, by heat alone, but in most cases by elective
attraction, or the addition of some third substance, which
attracts one ingredient of the salt more strongly than_the
ingredients attract one another ; and, therefore, unites with
that ingredient, and separates the other, or throws it loose.
In most cases, an addition of only one of the simpler salts
1s required : for it hag been discovered by experiments, in
mixing neutral salts with several kinds of the simpler
salts, that the different acids have different degrees of
attraction for the alkalis in general, while the alkalis, on
the other hand, have different attractions for the acids in
general. If, therefore, we wish to have the acid of a
neutral salt pure, it is in our power, with regard to most of"
the salts, to obtain it by the addition of another acid and
heat. On the other hand, we can likewise obtain the
pure alkali of a compound, by the addition of another
alkali.

It is very advisable for a student of chemistry to have
this table very familiar to his mind. Much more may be.
learned from it, than merely that such a compound salt is
made by tne mixture of such an acid and such an alkali :
for the table, when properly constructed, may bmﬁe a
picture,-as it were, of a great trainof chemxcal relations
and operations, and tell us what will'result from the mix-
ture of a compound salt, with other acids or alkalis than
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those of which it consists. For it fortunately happens,
that the elective attractions of any acid for the different
alkalis proceed in the same order. The same thing ob-
tains in the elective attractions of an alkali for the diffe-
rent acids. Therefore the columns of the table may be
arranged according to the elective attractions of an alkali
for the different acids: and the horizontal rows may be
arranged by the attractions’ of an acid for the different
alkalis. Or the columns may be arranged by the attractions
of the acids, and the rows by those of the alkalis. I have
chosen' the first method. The first column and the first
row contain the strongest, and the last of both contain the
weakest attractions. In the space allotted to each com-
pound salt, I have inserted the mame by which it has been
most generally mentioned by the systematic writers, till of
late. They are mentioned by different authors by a great
variety of names, according to the particular views of the
writer, whether medical, philosophical, or otherwise. It
is proper, therefore, to subjoin to this table a complete
list of synonima, in the manner of the natural historian.
The new systematic names, and a different arrangement of
the compound salts, will be laid before you after this,
when we shall have understood the principles which have
given rise to them.

I shall now describe the compound salts in the order in
which they stand in the table.

SPECIES L...VITRIOLATED TARTAR.

' FirsT, therefore, we consider vitriolated tartar, so
called because composed of vitriolic acid and salt of tar-
tar, whicl last is now known to be the purest form of the
vegetable alkali. Hence it is named in the Edinburgh
Pharmacopeia, Alkali Fixum Vegetabile Vitriolatum, a de-
nomination rather long and cumbersome. It is now called
Suw Potash.

Its taste is a littlé pungent and bitterish ; and half an

" ofince of it purges. Smaller doses are given as laxatives,

and to promote the other secretions: and it is sometimes
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useful in scrophulous cases. As it contains a fixed alkali,
and the least volatile of the fossil acids, and as these two
salts are united in it by the strongest elective attraction,
they camnot be separated from one another by heat alone;
nor can any simple salt be employed in this case to produce
their separation. It was, therefore, sometime ago, reckoned
a very difficult problem to separate the vitriolic acid from
the vegetable fixed alkali: and Dr. Stahl raised much emula-
tion among the chemists, when he boasted of his knowing
a method so easy, that he could perform it in the hollow of
his hand. This occasioned many attempts, and produced a
discovery of several methods for decompounding this salt,
which may be performed more or less perfectly in the
hollow of the hand.. Madst of these depend on cases of
double elective attraction, which it will be more proper to
explain hereafter than now. The manner of doing it which
Stahl seems to have meant, depends upon a preparatory
operation, by which the acid is converted into sulphur, I
have aiready mentioned this preparatory experiment, when
treating of the vitriolic acid. Stahl’s mixture of vitriolic
acid and alkali (to be exposed along with charcoal to a red
heat) was this very salt. Sulphur was produced; and,
therefore, some of the alkali was left separated. The sul-
phur unites with this composing hepar sulphuris. The
union is so weak, that vinegar will separate the sulphur, and
form a compound salt with the alkali. Then are the two
ingredients completely separated. They may even be had
pure; for we can burn the sulphur, and thus obtain the
acid.  And, the compound salt being exposed to a red
heat, the vinegar is destroyed; and thus we obtain the
alkali.

This experiment has been very instructive. Being at-
tempted in a great varicty of ways, it brought many things
to light; and was particularly useful, by explaining the
frequent appearance of sulphur in mixtures of substances
which did not contain it. They were all cases of vitriolic
acid urged by red heat in contact w1th imflammable bo-
dies. :
This compound salt has not a strong'lattraction for water.
It dissolves but slowly, and in small proportion, in cold
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water: and even of hot water a considerable quantity is re-
quired to its dissolution. It readily crystallizes: and its
crystals are of the decrepitating kind, and contain but lit-
tle water in their composition. According to Bergmann
they contain,

Alkali 62
Acid 40 in 100 parts by weight.
Water 8

The form effected by the crystals is a hexangular prism,
terminated by a pyramid. = But this is distinguished with
difficulty, by reason of their grouping together. Crossing
at right angles is a pretty distinguishing mark of this salc¥.
But although they shew so little attraction for water, it will
carry off a good deal of the salt with it, if we evaporate
too hastily, :

Origin..........It is not found as a fossil production.
There is some of it in the ashes of vegetables mixed with
the alkali: and itis probably formed in their juices by the
powers of vegetation. Itis commenly prepared for the
purposes of medicine by art. 'We shall soon see an exam-
ple of this in a process in which the production of it is
not the principal object. In order to obtain it in its
fairest form, with the largest and most regular crystals, it
is advisable to have the acid, predominant in the mixture.
Although it be considerably acid, the crystals will be per-
fectly neutral.  Some chemists, however, choose to call
such a compound a-super-sulphurated salt. °

SPECIES IIL... GLAUBER’S SALT.

Glauber’s salt is called Soda Vitriolata, in the Edin-
burgh Pharmacopeia. Its new name is Sulphat of Soda.
_ This salt is much more easily melted in the fire than
vitriolated tartar: and itis also more soluble in water. Its
crystals are'in the form of long hexagonal prisms, termi-
nated byfpyramids. The prisms have two broad and four

* The crystals of vitriolated tartar form a double prismatic spectrum by
refraction, in the same manner as several kinds of rock crystal.....Ep1TOoR:
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narrow faces. They are very watery, and subject to wate'ry'
fusion, and fatiscence. Hence for a purgative dose of it,
an ounce is required. 100 parts of it contain 15 of alkali,
27 of acid, and 58 of water. It cannot be decompounded
by heat alone; but, like vitriolated tartar, by sulphurifica-
tion and vegetable acid; and by some other processes
which depend on double exchanges. We canalso decom.
pose it, though not conveniently, by the action of the
végetable alkali. Oleum Tartar: per Deliquium, which is
the mildest form of the vegetable alkali, must be digested
on Glauber’s salt for a long while: and we shall then find
a vitriolated tartar, and a fixed fossil alkali in the mixture.
The attraction of the vegetable alkali for the acid does ex-
ceed that of the fossil alkali, as may be gathered from
many experiments ; but it is so little, that it was long
doubted. Even the present decomposition of vitriolated
tartar does not prove it; because, as we shall soon see, it
13 assisted by a double exchunge. '

.Origin.........This salt is no where found, that we know
of, as a natural production. Many, indeed, say that it is
contained in the waters of the sea, and in those of purging
mineral springs.  But this is a mistake: and the substance
which we take for it, is the bitter purging-salt, which was
long mistaken for Glauber’s salt, even by chemists of
great eminence. Mr. Model of Petersburgh reclates a
number of experiments made by him on a salt. found in
many waters in that neighbourhood, and describes the
salt so exactly, that we now know beyond any doubt, that
what he calls the Sal Miraible is nothing but Epsom salt.

All of it that is used in medicine is artificially made,

by decomposing common salt with vitriolic acid : and the .
manufacture of it forms a considerable business in thc;:
hands of trading chemists. Some of it is formed from
kelp. The following process for making it is published
by the-Society of Arts:....Put a pound of kelp into an
English gallon of boiling water, so as to extract the salts.
Decdnt, &c. and add as much vitriolic acid as is n’cAc.essary
to saturations ~ 'T'wo ounces are comimionly enough, Then
filtrate, evaporate, and crystallize, &c. and you will have
about halt a pound of Glauber’s salt.
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SPECIES IIL...NITRE, OR SALTPETRE.

Tais salt is well known, and is very useful and necessary
in many arts. It has occasioned a total change in the art
of war ; for the use of it in that art was unknown to the
ancients.

I have already observed, that the salt mentioned in some
parts of the Bible by the name of nitre, was an alkaline
salt.  This appears from the contrast or incongruity
remarked between it and vinegar, and also from its being
employed as a detergent or cleanser. In most of the
passages also of Pliny, where he speaks of nitre, he plaiply
means an alkaline salt. It is very clear, however; that our
saltpetre was known by that name, and also by the name
of nitre, in the earliest ages of scientific chemistry. It is
frequently mentioned, and with characters which give us
no room to doubt of its identity. ‘

In pursuance of my general method of examination, I
shall first consider the most simple relations of nitre to
heat, and its mixture with, water; and tlien proceed to
relations of the same kind, but more complicated in their
circumstances. I shall employ a good dealof timein this ex-
amination,both because the chemical properties of nitre,and
the phenomena which it exhibits, are the most remarkable
that o¢curin the chemical history of nature, and also because
these properties and phenomena afford, in the easiest
manner, the steps of investigation which lead us through
almost the whole philosophy of our eourse. You will find
the greatest part of our important doctrines to be little
more than the gradual detection of the properties of nitre
and its ingredients. I could begin by stating all those
properties at once, in their full influence, and from thence
deduce the chemical doctrines synthetically, as Newton
explains the colours of. natural bodies from the properties
of light, or the motions of the planets by universal
gravitation. " But, to give you the conviction that such
are in fact the properties of nitre, would require the
narration of facts concerning many substances with whose

‘properties you are altogether unacquainted. I am certain
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that your conviction will be much more forcible, and your
knowledge more palpable, and, as it were, at your fingers’
ends, by allowing those properties of nitre to open upon
you Ly degrees, as ‘we come to consider those other
substances, whose appearances, as affected by nitre or its «
ingredients, are the very arguments by which the properties
of those ingredients are ascertained. The great doctrines
of modern chemistry will thus be the result and fruits of
your own induction and analysis. Add to this, that you
will thus have formed the habit of philosophical investi-
gation by cxperiment; and will perceive its immense
superiority over all synthetical theory, however specious
and extensive in its application. I may add, that were I
to treat these subjects in the pure synthetical method,
which is. thought attainable, and which seems, at present,
to be most acceptable to the chemists, (especially on the
Continent), I should leave you igaorant of the ingenious
labours of the most eminent chemists of Europe, and
unable to read and understand their writings.

When nitre is exposed to heat in an opcn vessel, such
as a crucible, we find very little water 1n its crystals. It
neither sbews watery fusion, efflorescence, nor decrepita-
tion. Its water escapes insensibly. If the heat be very
hastily applied, some nitre sublimes, very little changed.
But a slow and gradual increase of heat melts the nitre
quietly, before it be so hot as to shine in the dark. It
looks like melted white bees-wax. If the heat be increased .
a little, the fluid begins to simmer gently, by the escape of
very small bubbles of elastic matter. If this be long"
continued, the disagreeable smell of nitrous acid is
perceived ; and fumes are emitted of a deep blood-red, |
perfectly resembling those already described, when I was'
considering the nitrous acid. By this process, the nitre.
gradually wastes: and what remains frequently dissolves
the glass or earthen vessel in which the nitre was con-
tained. = The residuum, when examined, is found to be

strongly, and somctimes entirely, alkaline, and quickly
deliquiates in the air. 4

From this it would appear that nitre is decomposed by
heat, the acid being driven off in these red vapours. We
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are naturally led, therefore, to try the effect of distillation
in close vessels. But we shall find it extremely difficult
to condense the vapours ; and the quantity of acid obtained
in this way is frequently almost nothing: in all cases, it
is fuming and deep coloured, and the vessels are filled
with blood-red vapours. They are incoercible, and would
burst the vessels ; yet the acid is gone from a part of the
nitre at least. Since we cannot collect it in the receiver,
we must conclude that it is somehow destroyed or decom-
posed, or converted into these permanently elastic fluids.
Accordingly, Dr. Hales obtained from a cubic inch of
nitre in this way, (that is, by distilling it in a gun-barrel,
and collecting the vapour in a jar standing inverted in
water) 180 cubic inches of air. Dr. Hales explains, by
means of this air, the explosion of gunpowder and other
nitrous compositions. In the preceding century, something
like this had been done by Dr. Mayhow of Oxford, in
1674. He collected the nitro-a‘rial spirit, as he called it,
in bladders tied on the spout of the retort. [See Fo.
Mayhow Opera Medico-physica, published at the Hague,
1681 ; also his Dissertatio de Salnitro et de Spiritu Nitr:
Aéreo. ) This author wrote in an obscure mysterious
manner, as was too much practised in those days. But
he has made many experiments, most ingeniously con-
trived, and has deduced from them conclusions which are
nearly the same with the doctrines which have been more
clearly established of late years. In particular, he con-
siders this nitro-aérial spirit as the cause of combus-
tion, the support of animal life, and the source of animal
heat. Since that time, and even before, there has been
much vague speculation and discourse about a vivifying
nitrous spirit in the air. Muschenbroeck and others ascribe
to §t the spicular form of snow and hoar-frost; but all
this' was mere talk, without any distinct thoughts on the
subject.. (“See Note 31, at the end of the Volume.) 1 shall
very soen give a more particular account of this elastic
matter.

The relation, of saltpetre to water offers nothing very
remarkable. It'dissolves readily in six times its weight
of cold water. Boiling water, however, dissolves an equal
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weight.  In both cases, a considerable absorption of heat
takes place. It is easily separated from water by crystal-
lization ; and the absorbed heat again emerges. .The
crystals are slender hexagonal prisms, of equal sides,
terminated by irregular pyramids, having one face much
‘broader than the rest. They are thus distinguished from
Glauber’s salt, whose prisms have very unequal gides.
Nitrous crystals contain very little water, but so strongly
united as not to be separable without a red heat. .

The most remarkable properties of nitre appear when
it is treated in great heats in contact with inflammable
substances. When charcoal, or sulphur, or any inflam-
mable matter, which is not so volatile as to rise before
it acquires a red heat, is put into melted nitre, the nitre,
which was quietly fluid, is immediately thrown into violent
agitation, and bursts out in explosions of elastic. matter
and dazzling flame.  This continues, with a whizzing
noise, as long as inflammable matter remains. And, if
the quantity be considerable, and intimately mixed, the
whole explodes in" a moment, with almost irresistible
force, a bright flash, and loud noise. If a lump ‘of charcoal
‘be laid on nitre, just hot enough to act on it, the deflagra.
tion takes place only in the touching parts; and it con-
tinues whizzing, and throwing out streams of fire, till the
coal is expended, Great heat is produced, and the nitre
will all become of a bright red. Ewven although the nitre
be not so hot as to set fire to the charcoal, if only a bit of
the coal be red hot, it will there be acted on by the nitre,
and the heat produced will suffice for making the adjoining
parts act on each other : and the detonation will continue
till the charcoal be expended, and the whole nitre be
melted and become red hot.

This effect of nitre on combustible substances is called
DxrrrLAGRATION, or DETONATION. No wonder that che-
mists have attempted to explain the grand operations of
thunder and lightning, by supposing mixtures of this salt,

or of its nitro-agrial spirit, with inflammable substances in =

the air, Indeed it was those phenomena of nature, in ajl
probability, which gave rise to the notion that such a spirit
was diffused through the atmosphere. But thunder and
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lightning are now well known to depend on very differene
principles.

By repeated additions of charcoal, the deflagration, and
the fusibility of the nitre, are diminished, and the defla-
gration at last ceases entirely. When the salt remaining
is examined, it is found to be pure vegetable alkali, in
quantity just equal to what we know the nitre to contain.

This fact gives an explanation of the whole phenomenon.
It is produced by the violent action of the nitrous acid
and inflammable matter. This is already known to you.
The acid quits the alkali to act on the combustible mat-
ter: and the action is such, that both are converted into
elastic aérial fluids, so completely, that no part of the acid
can be recovered in its former state. Indeed, it is decom-
pounded and destroyed. Of this we obtain clear proof,
when the operation is performed in a stoppered, earthen
retort, with a receiver for condensing the volatile matters.
We find no acid in those vapours, but, in the place of it,
a large quantity of air, of a complex kind. It will not sup-
port flame nor animal life ; and it was therefore imagined
to be of that kind that is met with_in coal-mines, and is
called choak-damp, and in vessels where charcoal has burnt
till it is extinguished for want of air. But when we had
learned an exact test of such air, and the method of ab-
stracting i QM. any mixture, it was then found that the
air produced by deflagrating charcoal with nitre did con-
tain a considerable portion of it, but that another portion
was of that kind that is left unabsorbed by hepar sulphuris
exposed to atmospheric air, and is called fau/ air by
Scheele, and phlogisticated air by Priestley; and, besides
these two, it usually contains some common air. This was
extricated from the materials, and it is evident, by the
alkaline residuum, that the acid alone contributed to the
production. We shall soon understand the change thus
produced on the acid : and I only observe at present, that
a red heat is necessary for occasioning this action. The
- acid, having a strong attraction for the alkali, is thus weak-

 ened in its attraction for inflammables : but the union with
the fixed basis enables it to stand the red heat which is’
_pecessary. In a separate state, we have seen It act most
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violently, and even excite them to inflammation ; but we
are not therefore to suppose that the heat produces this
deflagration by first decomposing the acid, and changing it
to elastic gas, which we have seen that it really does.
Yet, no doubt, this favours the detonation : for when nitre
is melted, and red hot, and its acid escaping in red fumes,
if a bit of charcoal be held close above it, but not touching,
it will presently take fire, and burn with rapidity and daz-
zling brightness; an evident proof that it is the elastic
matter of the nitre which causes the charcoal to burn, and
that the acid must be in that form, but net yet decompos-
ed, when it produces the effect.

When nitre is deflagrated with sulphur, the conse-
quences are considerably different. The deflagration is
equally violent with the other, and the flame somewhat
more brilliant. The acid is destroyed in the same man-
ner. But the elastic matter produced is different in some
respects. The most of it is the fau/air of Dr. Scheele ; a
circumstance deserving particular notice. We have an
evident smell of hepar sulphuris, as we might expect, from
the combination of the sulphur with the alkali left behind
in the deflagration. ‘T'he residuum of the process is not
alkali, but vitriolated tartar. Before its chemical nature
was thoroughly known, this residuum had gotten a high
name ‘as a medicine, useful in a variety of.difprders. It
was, therefore, called Sal Polychrestus, Arcanum Duplica-
tum, Sal Prunelle, and other faaciful names. -

The rationale of this process is obvious. There is a
double exchange, and the acid of the vitriolated tartar
proceeds from the sulphur, which unites with part of the
air disengaged from the nitrous acid.

This faculty of deflagration is a most valuable property
of nitre to the philoscphical chemist. It enables him to  *
discover inflammable matter where it could not otherwise
be supposed to exist.. It is a property no less important
to the world on other accounts. Nitre becomes the basis
of many compositions for producing violent explosions, or
a dazzling light, which may be seen at a great distance.

Gunpowder is the most generally known of all these
exploding compositions. Its many uses, besides those in
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the art of war, are well known. It is formed of nitre, char.
coal, and sulphur, so intimately mixed, that a spark fires an
atom or two : and this fires the rest in a moment.

The best proportion for strong gunpowder is about seven
parts of pure nitre, one of charcoal, and one of sulphur, all by
weight.. Others recommend eight of nitre, two of charcoal,and
one of sulphur. The usual impurity of saltpetre is common
salt, disengaged alkali, and Epsomsalt. These, by attracting
mdisture, weaken the powder exceedingly, and muake it apt
to cake in the barrels. But saltpetre, sufficiently pure, is an
expensive article, and is stinted as much as possible in the
manufacture. Common gunpowder has a much smaller pro-
portion, even so little as three or four parts to the above quan-
tity of the other ingredients.

The charcoal and sulphur are ground separately in mills,
and levigated to most impalpable fineness. On this depends
much of the strength of the powder. And let me just observe,
that gunpewder, washed from its salts and sulphur by caustic
alkali, affords the finest powder of charcoal for experiments.
The nitre is dissolved in pure water, and the solution mixed
with the ingredients in wooden troughs, where it is carefully
kneaded and incorporated, in form 'of a thick paste. It is
kneaded, for two or three days, with wooden pestles, adding
a little water as it evaporates. - It is granulated by forcing it
through sieves ; then sifted, and the dust returned into the
kneading troughs. Lastly, it is superficially hardened and

_ smoothed, by tossing it horizontally in shallow boxes, which

get a brisk reciprocating”motion by machinery. The dust

v being again sifted from it, the powder is now fit for use. The

! granulation makes it keep better, and also kindle more rapid-

“ly in the chambers of fire-arms, by allowing a free passage for
- the flame among the grains.

When gunpowder is fired, and the fluid in a state of incan.
descence, it is as elastic as common air would be if compres-
sed into 15" th part of its bulk; or is 1000 times more elas-

~tic than common air. But when it has grown cold again, its
* bulk is vastly less, not being 300 times bigger than the gun-
powder. ("See Rohins’s Essay on Gunnery.)
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There is another composition which explodes with still
greater force than gunpowder. It consists of three parts of
aitre," two of fixed alkali, and one of sulphur. When heated
slowly on a plate of metal, it first melts, and becomes black,
or of a dark liver colour; and then explodes with a loud
crack. Hence it has got the name of pulvis fulminans.

The cause of its loud and smart explosion must undoubted-
ly be the instantaneous conversion of it into elastic vapour ;
not in succession, however rapid, like gunpowder, but at once.
The eflect of this simultanecus conversion appears even in
gunpowder. This, if fired in a train, makes no noise. ("See
Note 32. at the end of the Volume. ) .

Amnother service derived from this property of nitre is the
production of a brilliant light, fit for making signals to be seen
trom a great distance. The Chinese blue lLights are esteemed
much superxor to any made in Europe. A gentleman who
made vcry curious inquiries about their fabrication, and saw
them made by the Chinese fireworkers, informs me, that the
composition consists of twenty-eight parts of nitre, seven of
sulphur, two of arsenic, one-half of rice-flour, and as much
water as will knead them into a stiff paste. This water and
the flour retards the inflammation. The paste is rammed
into little earthen pots, and kept in pitched cloths.

WNitre is very easily decomposed, so as to obtain either the
acid or the alkali in a pure state. It is from nitre only that
the nitrous acid is obtained. You have seen that mere heat
will not give us the acid in a perfect state. We must employ
some intermedium, which shall Idy hold of the alkali, and al-_
low the acid to rise from itby the action of heat. Looking At
the place of this saltin the table of compound salts, you see a ’
once that the vitriolic acid may be employed for this purpos:
This acid, having both a stronger attraction for the alkali, and®
less volatility than the nitrous acid has, must be a very fit i m- ,'
termedium.

The preparation of the nitrous acid is a considerable busie .
ness, carried on by particular chemical artists.  As they ptes
pare it for the market, where it is not in general wanted ver
strong, they usually sell it much diluted with water, and of- .
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ten adulterated with vitriolic acid, which is a much cheaper
article. - Some arts, however, require it of its utmost strength,
and very pure. The process for accomplishing this was first
distinctly given by Glauber: and the acid so obtained has got
the name of Glauber’s spirit of Nitre.

This process requires certain rules of procedure, and exhi-
bits several very instructive phenomena. The nitre must be
very pure,"and must be prepared by melting, and keeping it
in that state for some time. It is then broken into middle-
sized pieces, and put into a coated glass or an earthen retort,
already set in the sand-pot for distillation. Two-thirds, or
three-fourths of its weight of the strongest colourless sulphus
ric acid must be poured on it speedily, by means of a crooked
or retort-funnel. The receiver is immediately joined to the
retort, with fire lute, and then a hole pierced through the lut-
ing with a wire. The mixture soon grows hot; and, if the
nitre had been in powder, or even in very small pieces, the
heat might chance to be so great and sudden as to split the
retort. The salt gradually melts, and acquires a deep orange
colour, and ruddy steams obscure the whole vessels. These
steams are caused by small air-bubbles, which form all over
the mixture, and come to its surface, where they break. The
yile smell of nitrous acid now fills the laboratory, proceeding
.from the vapour which comes through the hole in the luting.
This must be allowed to continue till it abates. The fire may
now be kindled, and allowed to heat the retort very slowly.
The ruddy vapours cease, and the vessels grow clear. Let.
the hole in the luting now be stopped. The distillation goes
on; and the receiver soon grows too hot, and must be kept
_cold by snow, or by a flannel covering, on which a stream of
“cold water is constantly trlcklmg The fire may now be raised
‘considerably, and kept up in proportiow as we can promote
 the condensation in the receiver. When the distillation is far
~_ advanced, the vessels again become dim, and ruddy clouds
- appears  The process is now drawing to a close. 'The matter
b ih the retort has but little fluidity, and is very apt to burst into
* - “yiolent cbullitions, and to drive the contents over into the re-

_ceiver. But, by due care, the distillation may be carried on
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till the retort is red hot. 'But, from the first appearance of the
ruddy clouds; which become so thick that we cannot see
through them, much incoercible vapour must be allowed to
escajpe. T'wenty-four ounces of nitre will require eight hours
for the distillation, reckoned from the time of kindling the
fire.

The acid thus obtained is of the most fuming kind, and of
a deep orange colour: but, if put into a retort, and a gentle
heat applied, and a little water put into the receiver, the rud-
dy fumes ard orange colour will soon cease, and the acid in
the retort become colourless, like water. The small quantity
of vapours condensed in the receiver tinges the water which
condenses them with a deep blue or green. We get here a
diluted acid, and, in the retort, the nitric acid in its purest
form and greatest strength. It is sometimes tainted with sul-
phuric acid ; but it is easily freed, by distilling it from a little
pure nitre. A taint of muriatic acid is more difficult to be
removed : we shall mention the most effectual method as we
proceed.

The fuming acid has been called the nzitrous acid, (acidum
nitrosum ) and the colourless acid is called the nztric, (acidum
nitricum ). It is intended by this last name to denote the ori-
gin of the acid, and by the other to denote a redundancy in
the principle peculiar to nitre. We shall very.soon see the
principle on which this opinion of a redundancy is founded.

It is plain that the residuum in the retort must be the com-
pound of sulphuric acid and vegetable alkali, perhaps mixed
with a portion of undecomposed nitre. Before a perfect know-
ledge of the procedure of nature was acquired, it was thought
to be a,peculiar salt, and had fanciful names ; Arcanum dupltJm
catum ; Sal de duobus ; Sal enixum, &c. But it is now pers:
fectly understood tobe vitriolated tartar. Indeed, thisis the"”;,s
only way in which vitriolated tartar is prepared. The manu.
facture of nitrous acid furnishes more than there is any de-
mand for. '

Such is the process for obtaining the nitric acid in its strongs
est state. It is much ‘more generally wanted, in various mas
nufactures, in a far weaker state, called AquarorTis, consist.

.
)
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ing of nearly equal parts of Glauber’s spirit of nitre and of
water. In preparing it of this strength, other methods were
formerly practised. Intermediums, which have some, though
perhaps not very great, affinity with the alkali, and which are
fixed in the fire, are employed ; also substances containing
vitriolic acid weakly united to some other base. Of this kind
are vitriol, alum, clay, &c. These substances enable the salt
to stand a great heat, in consequence of which the volatile
ruddy fumes are very copious: and much would be lost, did
we attempt to produce a strong acid. But, by employing
much water in the receiver, the steams are pretty well con-
densed, and a weak acid is obtained, which can be concen-
trated by another distillation *. This difficulty arises from
the 'decomposition, which I have said that the nitrous acid
seems to undergo, when urged by a very great heat.

And this leads me to take notice of some other products of
our process for Glauber’s spirit of nitre, besides the acid in the
receiver, and the vitriolated tartar which remains behind in
the retort: I mean the incoercible fumes which escape in the
beginning and the end of the process.

I have already observed that nitre, when urged by a red
heat, wastes, and is rendered alkaline; and yet, that we ob-
tain little or no acid by condensing the vapours.  Nitre melts,
then simmers, and emits red vapours. Also, in our process,
similar vapours are produced, There is, however, a very im-
portant difference in the two cases ; in the one we obtain acid,
and in the other nothing but incoercible vapours. This must
evidently arise from the intermedium, which, by detaching
the acid, allows it to come off with a partial decomposition ;
whereas, when no intermedium is used, the different parts of
the acid seem to come off in the order of their volatility and
attraction.

Notwithstanding the ingenious experiments of Mayhow,
and his important inferences from them, and the no less in.
.genious experiments of Dr. Hales, nearly to the same pur-

* Mr. Lavoisier says ("Ker’s translation of Lavoisier’s Chemistry, Lnn.‘
© Iidit. p. 215.) that nitre, decomposed by clay, both yizlds 'Lstrongel acid,
and with less loss, than by employing the sulphuric acid..LzpiTon
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pose, no notice was taken of the air obtained from nitre in
those experiments, till about 1772. Dr. Scheele, whose ex-
periments with kepar sulphuris 1 have mentioned to you, be-
gan to take notice of this air. He it was who observed that
a bit of charcoal, held above the red hot nitre, burnt with a
dazzling flame. Recollecting his experiments with kepar sul-
phuris, in which it appeared that only a part of our atmos-
pheric air will support flame and combustion ; and now ob-
serving that this vapour from nitre supported it in an eminent
degree, it struck his imagination that this might be the only
part of atmospheric air fit for this purpose, and eminently fit,
because unmixed with the rest. It immediately occurred to
him to try the effect of this air on hepar sulphuris. He ex-
pelled it from nitre in a small retort, by a strong red heat,
and collected it in a jar. Now putting a quantity of Aepar sul-
phuris into this air, as he had before done into common air,
he found that it was wholly absorbed, and this with great ex-
pedition. He was now fully convinced, that our atmosphere
consisted of two airs, one of which supported flame, and ap-
peared to him to be a constituent part of fire itself. He there.
fore called it FiRe A1r, which his translators have changed
inte EMPYREAL AIR.

Much about the same time, and without any knowledge of
Dr. Scheel’s labours, Dr. Priestley made the same observa-
tions. - Exposing, to ared heat, substances ¢ontaining, or moist-
ened with, nitrous acid, he/obtained an air, in which bodies
burnt with dazzling flame and great rapidity. He conceived
this to be pure air, and that the other portion, which extin-
guished flame, has been originally the same, but that it is now
saturated with phlogiston, and cannot support'flame by receiv-
ing more. He therefore called this depurated portion DeprLO-
c1sTicATED A1R. QOther philosophers, observing that it also
supported animal life, called it ViTaL Air.

These experiments have, of late years, been repeated in a
great variety of forms, with the same results. In particular. '_j""v.

it is found that when nitre is exposed to violent heats, addiné{i
a little slaked lime, which imbibes the melted nitre, and hin: . -
ders itfrom corroding the vessel, and enables the acid to stand

7
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a very great heat, the quantity of air obtainable from it is pro-
digious. Four ounces of pure nitre, treated in this way, fur-
nished to Mr. Ingenhouz 3000 cubic inches, which is about
650 times the bulk of the nitre. Moreover, when we compare
its power of sdpporting combustion and animal life, with that
of common air, it appears that one cubic measure of it will be
as effectual for either of these purposes as four or five of com-
mahair.

You will recollect that when considering the vitriolic acid,
and its ptfoduction from sulphur, and the reciprocal produc-
tion of sulphur from it, I said that it seemed necessarily to
result from all our experiments, that, in the inflammation of
sulphur, a quantity of air disappeared, and that the acid pro-
duced exceeded the sulphur in weight. I also observed, that

- when sulphur Wa produced from substances containing vitrio-
lic acid, by urging them with violent heats in contact with in-
flammable substances, there was always a quantity of agrial
matter extricated : and lastly, that when Aepar sulphuris was
exposed to the air, it was decomposed, that is, the sulphur was
separated from the alkali. Morever, this alkali was not recov-
ered in its pure form, but saturated with vitriolic acid, of
which there was none in the mixture. At the same time, air
was absorbed, and the remainder was unfit for maintaining
fiame. It appears, from a combination of all these facts, that
the air thus absorbed contributed to the fofmation of the vitri-
olic acid. Now it appears that the aigwhich is absorbed, is
of the same nature with that which is :kltted by mtre, and is
furnished by its acid. : -

From a collective view of these facts, 1t would seem that
the same air which is contained in nitrous acid, is also contain-
ed in the sulphuric. Farther, as the sulphuric acid appears
to differ from sulphur in nothing but by the combination with
this air, it.seems to derive its acidity from it: for we find that
nothing more is necessary for converting sulphur into sulphu-

“ric acid, but the absorption of vital air in inflammation, and
at it will absorb it completely. Amnalogy should lead us, in
“like manner, to suppose that the nitric acid derives its acidity

from the same source....from vital air,....and consists of vital
{
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air united to a certain basis, which may be considered as the
characteristical radical of nitrous acid, as sulphur is of the vi-
triolic. :

These considerations, joined to many others of the same
kind, have introduced Mr. Lavoisier to consider vital air as
the cause of acidity, and to call it oxygen gas. We shall find
the proofs of this general property of vital air multiplying on
all hands as we advance. There is no acid substance ffom
which we cannot obtain much pure vital air, and the weight of
the air obtained is equal to that lost by the acid. All com.
pounds, indeed, are not acid, or sour to the taste, but all have
chemical properties analogus to those of the undoubted acids.
I, therefore, admit the propriety of the name oxygenous gas,
and shall use it without hesitation in the rest of this course.

You have heard how the nitre is affected By the simple ex-
position to strong heat : and the explanation of the change,
by the escape of the oxygenous gas, is very obvious. But the
vapours are not nitric acid : and, therefore, nitric acid does
not consist of oXygenous gas alone, -but contains it, combined
with some radical: and this combination is destroyed, or de-
compounded, during the escape from the nitre. But, in the
process for nitrous acid, an intermedium is employed, to
loosen its combination with the alkali, so that it gets off in a
more moderate heat without decomposition. Yetthe appear-
ances in the process should make us suspect that this is not al-
together the case: for the ruddy clouds, at the beginning
and end of the process, look very like some tendency at least
to decomposition ; and the situation of things at the end of
the process is not very different from that of nitre simply ‘

~exposed to great heat. It is then almost dry, and the retort .
almost, if net altogether, red hot. = This did not escape .
the notice of the sagacious Scheele. But he found appear- %
ances which puzzled him. When he held a candle to the
spout of the retort during the appearance of his last clouds, it |
barnt with a most vivid flame, confirming the opinion that th
acid was then suffering a decomposition. But, when he dij
the same thing during thle appcarance of the first clouds, :'
candle was c‘xtinguis}‘.mi in an instant.,  Thislast event hap- Y

1
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pens, partly because the portion of oxygenous gas which is now
escaping, is very small ; and chiefly because it is accompanied
by another substance in the nitric acid, which has not yet
thrown itself in our way as one of its constituent parts. You
will soon become acquainted with it.  And, in the mean time
I imagine that you are now convinced that vital air is one of
its ingredients, and that, in all probability, it is the cause of its
acidity, as it unquestionably is of the acidity of the sulphuric.
Mr. Lavoisier attributes the oxygenous eruption observed by
Scheele to the strong attraction of oxygen for caloric in hlgh
temperatures, which decomposes the nitric acid.

I may now take notice of another resemblance in the union
of the oxygenous gas, with the characteristic ingredients of the
two acids. The fuming Glauber’s spirit of nitre may be ren-
dered still more fuming, by the addition of a very minute por-
tion of inflammable matter. It is observed, that, as this qua:
lity is increased, the activity as an acid is diminished. 'I'he
small quantity of acid obtained in clearing Glauber’s acid of

its fumes, is not only weak by dilution, but is weakened in its
attraction for-alkalis, and can be dislodged from them by ve-
getable acids and sedative salt, without the assistance of heat.

It Miay be made so fuming as to be scarcely coercible, and
scarcely acid to the taste. Now, when it is converted into
nitric acid, it is plain that its proportion of oxygenous gas is
increased ; and when the nitric acid is made fuming, its pro-
portion of the radical isincreased. It is with propriety there-

fore called nitrous ("nitrosum ) as abounding in the character-

istic ingredient. All this has its counterpart in the sulphuric

. and sulphurous acid ; the latter containing more sulphur, orless
. oxygenous gas, has less acidity, and less attraction for alkalis.
- This process for decomposing nitre, in order to obtain the
* aeid, has been very instructive, as I said it would, opening to
our view a new connection of chemical substances. It has not,
- however, completely explained all the phenomena, but has
“rather rendered the subject more complicated, by shewing
“that the acid itself is a compound substance, without informing
us of its characteristic ingredient. I might tell you now that
this is nothing else than that portion of the atmospherical -air

VOL, II. il ~
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that is not absorbed by the Acpar sulphuris, or that is left be-
hind by the inflammation of bodies, and may also be obtamc.d
in a variety of easy ways. But I cannot yet demonstrate ths
by fairly educing it from the acid, nor confirm the doctrine,
by recomposing the acid by their mixture. We arrive at this
by a very circuitous process, which requires the knowledge of
several things with which you are unacquainted. 1 may,
however, mention one fact, of which you can see the value
without farther acquaintance with chemical substances.  This
is an experiment by the honourable Mr. Cavendish, described
in the philosophical transactions for 1785 and 1788. He
mixed a quantity of oxygenous gas, and Priestley’s phlogisti.,
cated air, in the bend of a glass syphon, the two legs of which
contained a solution of vegetable alkali. When he had, after
many trials, obtained the due proportion of the two airs, he
found that, by passing a succession of electrical sparks through
the mixture, they united, and the compound was absorbed by
the alkaline solutions. This, when examined by evaporation
to dryness, or by crystallization, gave a small portion of true
saltpetre.. Hence it unquestionably follows, that the union of
these two airs composes nitric or nitrous acid. Many ques-
tions arise on this occasion, which I am notyet in a condition
to answer.....And therefore, we shall quit the subject for the
present, and proceed with our decomposition: of nitre.

Margraaf first mentions the decomposition. of nitre by the
muriatic acid. We are not yet in a condition to explain this
completely. I can only observe at present with propriety, that
this happens very readily when the nitre has been kept for
some time in a melting heat. Now,. in this case, we’know
that the acid has a smaller portion of its oxygen, and that in
this condition it has less attraction for alkalis. [t is for the
same reason, as we shall soon learn, that this anomaly in elec-ﬂ
tive attraction obtains ; namely, in consequence of the muri-
atic acid depriving the nitrous of a portion of that principle.
(See Bergmann on Elective Attractions, VI.) :

If we desire to decompound the nitre to obtgin the alk
alone, we must deflagrate with charcoal or some vegetable mﬂ
flammable matter. The common method with charcoal is

-
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inconvenient, by being tedious and imperfect. Newman’s
method is to take seven parts of nitre, and one of charceal.
These are pounded, mixed, and projected into a red hot cru=
cible. This method is not bad, but the deflagration is too vio-
lent, and some alkali is lost. Itis béetter to moisten this mixture
with alittle water, and then to project it into a red hot cruci-
ble,and to meltit in the end, and pour it out. I may take this
opportunity to remark, that when the chemists have occasion
to throw different materials into a heated crucible or other
vessel, in order that they may act on one another, they say that
they PROJECT the subject of the operation, or perform PRO-
JECTION. I'suspect that the words projector and project, are ;
derived from this chemical term.

If a sufficient heat be applied, the alkali is in a melted state
at the end of this operation, and must be immediately poured

/ outinto'a warm mortar, or other vessel that is warm and dry.
The alkali thus obtained, was called nitrum fixum, or nitrum
Jfixatum. ‘When the operation is properly performed, the quan-
tity obtained is very considerable ; generally two-thirds, some=
times three-fourths of the nitre.

The vegetable salt tartar is also often used as a substance
to be deflagrated with nitre, in order to dissipate or consume
its acid. The acid of the tartar being destructible by fire, and
inflammable, or containing a quantity of inflammable matter,
serves in the place of charceal. And thus we obtain not only
the alkali of the nitre, but also that of the tartar itself. This
method, therefore, of obtaining alkali for particular purposes
is often used, because the alkali both of nitre and of tartar is
very pure. The common method is to mix and fire them like

= asquib. It is net necessary to add water; because tartar
%’7;; contains water and other volatile matters, the gradual dissipa-
" tion of which keeps the mixture cool, and hinders the deflagra-
tion from going on toe violently. The usual proportion of
the substances is to take equal parts, but in this there is too
little tartar. I find six parts of nitre, and seven of tartar bet.
" “ter for complete decomposition ; though the alkali is not then
" S0 sharpand acrid as in the other way, for reasons to be ex-

plained hereafter. Exact mixture is necessary. ‘This pre.

v




100 NATURAL HISTORY OF NITRE.

paration, howev er, must be dissolved in water, filtrated, and
evzporated to dryness, in order to free the alkali from the
eaithy ashes of the tartar. '

Thus we can separate the two salts of which nitre is com.
posed, and can satisfy ourselves that the analysis of it is com.
plete, by joining them together again; by doing which pro-
perly we can obiain an entire and perfect nitre again.

Origina..ees... There are considerable quantities of nitre prae
duced in diffcrent parts of Europe.  But the greatest quan.
tities of it are imported from the eastern parts of Persia, from
many parts of China, and also from India. The general ac-
counts of its origin in those parts of the world are, that it is
obtained from the vegetable mold, or superficial soil in par.
ticular places or districts, called saltpetre grounds, which have
generally a loose, open, and marly appearance.

‘These accounts appeared for a long time unsatisfactory, and
even improbable ; as it was not then known that nitre was
produced in this manner in any other part of the world. But
since the science of natural history has been so much improv.
ed as it has been of late, saltpetre is known to be produced in
asimilar manner in many other countries, particularly in North
and South America, and in Podolia, Walachia, Spain, and
Italy.

In Spain and Italy, there are districts in which the land is
very fertile, and produces very fine wheat: but it happens
freqyently, in dry seasons, that the crop is lost for want of
rain. . The farmers then indemnify themselves by extract.

ing saltpetre from the soil which should have afforded them

wheat.
Much the greater part, however, of what is manufactured

in-Europe, is got either from artificial composts, or accidental
mixtures, in which animal and vegetable substances have been

thoroughly rotted, and exposed long to the air, with a large

proportion of any spongy and loose earth, of the chalky or
absorbent kind, as lime, rubbish, or marle.

In a part of Poland (Podoha) where the country is an ex.{*

tensive and rich plam, now deserted, though formerly, vei'y
populoys, nitre is e‘m;acted from" the soil of little hillocks
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which are the remains or ruins of former habitations, and in
which the wood of the buildings, and the dung of cattle, have
been long thoroughly rotted, and intermixed with rubbish and
earth. In France, too, they extract nitre from the lime and
rubbish of old ruinous buildings, and from the.floors of stables
and pigeon-houses. And sometimes they take the richest
part of the mold from the surface of the common soil, in
particular places. The same practice was common in North
America during the last war. The earthen floors of their to-
bacco houses were also found to be very rich in nitre.

These are, therefore, examples of the extraction of nitre
from natural or accidental mixtures, in which it is found. To
give you, in the next place, some knowledge of the artificial
composts which have been observed to afford it, I shall first
recommend to your notice an author upon whom we may
fully depend. Cramer advises any person who desires to
make experiments upon the production of nitre, to choose out
or build a little hut, exposed to the fresh air of the country,
and covered with thatch, to keep off the rain and sun, but not
otherwise close: on the contrary, unless the air can come in
pretty freely through the walls, it must have one open window
at least upon the north side. It must be furnished with shal-
low boxes, about one foot deep, for different mixtures. But
the only mixture which he mentions, and he speaks of it with
the air of one who has tried it, is lime-rubbish, garden mold,
and ashes. - These are to be lightly mcistened with urine,
well mixed, and placed in one of the boxes to rotand dry. As
soon as they are dry, they are to be moistened afresh with

_ urine, stirring and mixing them well up, to expose all the parts
to the air, which is found to be of great importance to the pro-
. duction of the nitre. If we thus proceed, always moistening

" and stirring while drying, when the mixture is dry, a consi.

derable quantity of nitre will be produced ; so that, in a month
or two, each pound of the mixture will hold two ounces of

- nitre, or one-eighth.

In whatever manner, or in whatever materials, the nitre is
produced, the extraction of it from these materials is generally
performed by a particular set of people, who make it their sole
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or principal business, and travel from one part of the country
to another in search of materials in which nitre is already pro-
duced. After having examined materials of this kind by a
small essay, and having found them to turn to account, they
throw them into a large wooden vessel, and intermix some
quick-lime and vegetable ashes. The vessel has a false bot.
tom with holes, which is covered with straw ; and, under the
‘perforated bottom, there is another, which is water-tight. A
stop-cock is placed between these two bottoms. After the
upper part of the vessel is full of water, it soaks through, dis-
solves the nitre inits passage, and filtres through the straw
Ieaving the earth behind. The solution is then drawn off,
and the water evaporated to such a degree that the nitre crys.
tallizes. In this state it is impure, of a brown dirty ‘colour,
and mixed with some sea-salt, which is always found in the
materials affording the nitre. It is separated by crystalli-
zation, and by quick-lime and ashes. A brown liquor re.
mains, which does not crystallize; and when examined,
is found to consist chiefly of some lime and nitrous acid.

Thus it appears from this history of nitre, that it can hardly
be counted with propriety among the fossil productions. It
is always found in the earth, it is true, but always at the sur-
face. There is no example of its being found at any depth, or
the examples are rare, and the circumstances of them particu-
Iar. Margraaf and others have found a little in the wells of
great cities ; the origin of which can be easily accounted for.
Dr. Withering, in his translation of Bergmann’s Sciagraphia,
says, someof hisfriends assured him they had got nitre from the
waters of some coal-pits. But it is highly probable that it had
been washed down into the coal-pits from the superficial soil,
by the rain-water soaking downwards through the earth. It *
mever oceurs in mineral waters.  Some authors imagined they
" found it in these; but they mistook another salt'for it, and
judged of its presence by the form of certain crystals which
they had obtained. But the form of crystals is never to he
trusted. As it is therefore found only at the surface of the -
earth, or not far below it, it has long been a very general
opinion that it is deposnted or formed there by the air. - Some
have supposed that the air furnished at Jeast the prmcrpal part
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of thenitre, to wit, itsacid ; which, finding in corrupted animal
and vegetable substances the other necessary ingredient, the al-
kali, united with it to form a nitre. Others have supposed that
the air afforded, not the nitrous acid, but vitriolic acid. But
these opinions have not been supported by experiments. When
pure alkali is exposed to the air, it is not changed into nitre.
Another idea, which occurred to some of the chemists in
France, had a greater appearance of probability ; I mean, that
the nitre has its origin in vegetables, being produced in them
by the powers of vegeration, and is only extricated from their
other principles by putrefaction, during which natural process
all the principles of animal and vegetable substances are gradu-
ally separated from one another. Many plants have been long
known to contain some nitre in their juices, separable by crys-
tallization. Tobacco sometimes contains so much, that its
stalk burns as a squib : but they were supposed to have receiv-
ed this from the soil in which they had been nourished. It is
now reported, however, that some of those plants, though
made to grow in earth from which all saline matter has been
completely extracted, and, though watered with pure water
only, will still be found to contain nitre ; which, if true, shews
plainly enough, that the plant generates the nitre, by combi-
ning some of the elements together in a particular manner.
Many other opinions were formed on this subject at differ-
ent times : but we never acquired a decisive and satisfactory
knowledge of the formation of nitre in soils, and other mix-
tures, till the French government directed to it, in a particular
manner, the attention of the able chemists of that nation. This
was done under the administration of that patriotic minister,
Mr. Turgot. Distinctions and rewards were offered to those
who should best illustrate the origin of nifre: and the Royal
" Academy of Sciences were appointed judges of the merit of
the attempts.
A number of essays were accerdingly offered, many of them
~ describing ingenious investigations, and trains of experiments,
~to decide different questions relating to this subject. The gen-
tlemen who distinguished themselves the most are M. Thou-
venel medicin, and M. Thouvenel commissaire, des poudres
et saltpetres de Nancy ; Mr. Lorgna ; M. Chevraud ; M. Ga-
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vinet. An abstractof their discoveries has been publis?led by
the academy, with some remarks, to shew what particulars
have been cleared up and decided, and what still remain ob-
‘scure. It appears from the whole, that nitre is formed by the
action of the atmospherical air ; and of the exhalations of rot-
ting animal and vegetable substances, applied at the same time
to alkaline earths, as chalk, or lime.rubbish, or marle ; and
that the putrid exhalations do not produce their effect, except
atmospheric air be allowed to mix with them in certain quan-
tity. It appears further, that the nitrous acid is formed most
readily, or soonest, and the alkali afterwards. The acid first
joins with the alkaline earth. The alkali which is formed af-
terwards dissolves the union, by taking the acid to itself.
Several other particulars have been discovered, which will be
useful and instructive to those who have the conduct of salt
petre works. But they are only facts which point out the me.
thods by which saltpetre may be produced with the greatest
success. They do notyet explain its production. Other ex-
periments since that time have thrown much light on the na-
ture and constituent parts of the acid of nitre, and have occa.
sioned the contrivance of new methods of producing it and
nitre. But of these we shall speak more fully hereafter.
Uses........Nitre is an article of the materia medica, and is
reckoned the most cooling antiphlogistic of the salts ; but it is
often very disagreeable to the stomach. It also promotes the

secretion of urine. In the arts it is highly useful, by being .

the only subject from which we can get the nitrous acid ; and
it is by means of nitre that the vitriolic acid is procured in
quantity or perfection from sulphur.

SPECIES IV...CUBIC NITRE.

TrE cubic nitre resembles common nitre exactly in its most
striking properties. The only difference is the form of its

crystals and the consequences of decomposing it. The form 3

which its crystals affect, is that of oblique parallelopipeds ;
though they generally concrete together, and adhere to one
another ; so that hardly any of them have this form perfect.

o ST



»

DIGESTIVE SALT. 105

1t melts with the same heat as common nitre, and dissolves
in the same manner in water. It deflagrates with inflam-
mable substances precisely in the same manner, and is
decomposed by the same means, viz. by vitriolic acid.
The only difference is, that Glauber’s salt is produced
instead of the vitriolated tartar. It is decomposed by
deflagration with charcoal for the alkali, which is not the
vegetable alkali, as in the case of common nitre, but the
fossil alkali. Therefore it is improper to use tartar for the
deflagration. But we must employ charcoal with water,
as the charcoal of fir (as Margraaf directs), or we may
take common flour, which contains a sufficient quantity of
inflammable matter, and enough of water and other volatile
ingredients, to keep the rapidity of inflammation within
due bounds. When deflagrated with sulphur, it is plain
that Glauber’s salt must be produced.

It remains now only to mention the origin of cubic
nitre. It is not produced naturally in a quantity worth
notice, (though I suspect it is contained in some vegeta-
bles ;) but is prepared artificially Ly chemists, when they
have occasion for it in their experiments; for it is not
employed in medicine or in the arts. It may be obtained
either by decomposing common salt with the nitrous acid,
as shall be noticed hereafter, or by joining together the
alkali of soda and the nitrous acid.

SPECIES V....DIGESTIVE SALT.

As digestive salt is the produce of art only, and is pre-
pared by mixing its two ingredients, the knowledge that
we have already acquired of these will naturally suggest to
us all its general properties, and the manner of decom«
pounding it for either of its ingredients.

Its external appearance so much resembles that of com-
mon seassalt, that chemists of eminence have imagined it
to be the same. Boerhaave calls it sal marinus regeneratus.

~ “The London Dlspensatory avoids deciding, by calling it

Spiritus salis marini coagulatus: and even the author of the
New ‘Dispensatory was long before he imagined it any how
vot. 11 . o
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different. It differs, however, from sea-salt, in bf:com'ing
a much more transparent mass after fusion, but less ‘whlte,
and toughish like horn. Even the crystals have this pros
perty, and are pounded with difficulty. Its most remarkable
difference from sea-salt is, that it dissolves in much greater
quantities in hot than in cold water ; and, by this property
alone, these salts may be pretty well separated. Its analysis
Is already foreseen. It may be decomposed for its acid,
by employing the vitriolic acid; and the residuum must
be a vitriolated tartar instead of a Glauber’s salt. I was
perfectly convinced of the difference, by decomposing it
with the nitric acid. The residuum shot into hexagonal
crystals; a sufficient proof that it consists of the muriatic
acid and the vegetable alkali. To decompose it for its
alkali, we must follow the process, and deflagrate the nitre
we have obtained by it.

The only other origin of digestive salt, is the decompo-
sition of sal ammoniac by means of potash. This being
the cheapest process for obtaining it, is practised by the
trading chemists for supplying the druggists and experi-
menters with all of it that is wanted.

SPECIES VE.....COMMON SALT.

Common salt requires a full red heat for its fusion, and, -

sooa after fusion, begins to evaporate in white fumes. It
has a pretty strong attraction for water, so that it deliquiates
in moist air. It dissolves in less than three waters, and
equally in cold or hot. Hence it has a different manmner

of crystallizing by evaporation. A pellicle is formed, if
the evaporation be hasty ; if slow, cubes are first formed, *

R

then a sort of hollow pyramids, formed by steps, super-
added on all sides to the step last formed. ~ The first cube,
formed at the surface, being a very little heavier than the
water, begins to sink : and the adhesion, or viscidity of the
water, causes it to drag the adjoining water down with it;
and thus it makes a depression on the surface, as when a
square brick is laid on a feather bed; only the saline cube
is wholly under water, hanging by its upper surface. *The

’

e
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water being thus exposed to evaporation in a greater sur-
_face on the sides of this pit, the next crystallization takes
place there, preferably to any other place. Thus a first
step is formed, and the solid sinks deeper, again hanging
by its upper edges. A second step is formed in the same
manner, and so on, till the crystal becomes too heavy, and
it then breaks its hold and sinks to the bottom. Itis
amusing to observe this operation with a magnifying glass.
Each step is formed in an instantall round,....yet it consists
of distinct cubes; for it will only-break into cubes; or
clusters of cubes.

The crystals of sea-salt are of the decrepitating kind.
If it be frequently dissolved, evaporated, and dried
thoroughly with red heat, it is diminished in quantity,
and a portion of earth is produced from it. And this is
one of the chief instances adduced to prove that salts are
composed of earth and water. But the quantity of earth
is so small, that its origin is doubtful.

Common salt is easily volatilized by fire, and by putre-
faction, along with substances disposed to that process.
By repeated solutions and calcinations, it may be totally
destroyed, or converted into earth.

Although its acid be very volatile, this salt cannot be
decomposed by heat alone. In some of the processes by
which it was attempted formerly t6 prepare this acid from
common salt, they trusted principally to the force of heat.
Common salt, mixed with clay, and exposed to a fierce
heat, is in part alkalized: but it afterwards becomes neutral
by exposure to the air.

The best way of decomposing it for its acid, is by another
acid, of which there are two that will answer the purpose,
....the vitriolic acid, and the nitrous. But the vitriolic is
best; and is even necessary if we desire to have the muriatic
acid pure. It is best, as having greater superiority of
attraction for the alkali than the nitrous acid has; and
therefore expels the muriatic acid more readily. Indeed
this acid is in a manner necessary for obtaining the muriatic
acid pure; beca\pe it is fixed, and does not emit any fumes;
whereas the nitrous acid emits them very copxously
Fuﬁher, in using the vitriolic acid, it is necessary to use

i
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likewise a certain quantity of water. If the strong acid
be added to the dry common salt, the muriatic acid is
expelled so pure, that it is not accompanied with water
sufficient for its condensation ; so that a great part must
be allowed to escape ; for the fumes will burst the vessels
if we attempt to confine them. And thus we lose much
of the acid, and are incommoded too with the fumes;
because the water contained in the crystals of the salt, and
in the vitriolic acid, is toe little to repress sufficiently the
volatility of the muriatic acid thus detached. We must
therefore dilute the vitriolic acid with about an equal
quantity of water, before it is added to the 'salt in the
retort. 3 '

With all our care and skill, the separation of the muriatic
acid is a very difficult process.  In its pure state, it is too
volatile to assume the liquid form, even in our most intense
colds. Dr. Priestley reckons it a species of air, calling it
marine acid air. But it seems to differ from the other
acids, chiefly by its smaller attraction for water, of which
it requires a groater quantity to repress its volatility, and
also by the very great quantity of heat which its vapour
holds latent. If we proceed with a simple retort and
receiver, we may use nearly equal weights of salt and
vitriolic acid, and dilate the acid, before mixture, with as
much water: and we must employ a large receiver, and
keep it very cool. The tubulated retort containing the
salt, being set in the sand-pet, and the receiver joined
and luted, the diluted acid is then poured in, and the hole
shut with a ground stopper. The disengagement of the
marine acid commences immediately, even though the fire

has not been kindled. Some chemists think it better not
to dilute the vitriolic-acid, "but to put the water into the

receiver, where it absorbs the vapour very fast, and soon
grows extremely hot. . The distillation must be conducted
very slowly : and it is proper to let it proceed, for a while

mn the beginning, without any fire, As we must use 2,

porous lute, much vapour escapes, with great loss of acid,
and much inconvenience from the fumes; which corrade
every thing in the laboratory. It is chiefly in this process
that the great value of Mr. Woulfe’s apparatus, desgribed

|
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in the Phil. Trans. 1767, appears ; and it is so employed
by all the trading chemists. Mr. Woulfe found that the
condensation of about four ounces of vapour heated seven
or eight pounds of water up to the boiling temperature.

en the water has acquired an equal weight of acid
vapour, its bulk is increased in the proportion of two to
three. I recommend to your perusal the dissertation just
now mentioned, by Mr. Woulfe, as containing many very
curious as well as useful observations. I observe that
some foreign chemists proceed in another way that is
pretty singular. I'wo retorts are employed, communicating
with one receiver. In one of them the distilling substances
are contained ; and the other has only water. The .two
vapours thus meet in the receiver, and unite very rapidly.
I doubt not but this process will be very manageable and
productive.

The salt which remains in the retort when the distilla-
tion is finished, is Glauber’s (as may be seen from the
table.) And this is the usual manner in which Glauber’s
salt is prepared by chemical artists, the process being per-
formed much oftener for the sake of the Glauber’s salt
than of the muriatic acid; except in some manufactories,
in which they employ the muriatic acid to make sal am-
moniac.

If we desire to decompound common salt to obtaln the
fossil alkali pure, we cannot have recourse to inflammable
-substances here, as in the case of vitriolic and nitrous salts.
When the experiment is made with common salt, it does
not succeed ; nor is there any reason to expect that it
should. The muriatic acid, in its ordinary state, is very
little affected by inflammable bodies, and will not quit the
+ alkali to act upon them. But we can separate the acid by

the vitriolic or nitrous acids, which, when joined to the
alkali in its place, will not be so difficult to remove. The
nitrous acid is thc most convenient, and most easily
managed.
'When the nitrous acid is employed to separate the
muriatic, a cubigmitre is formed : and it is easy afterwards
to deflagrate with charcoal'to obtain the fossil alkali, which
is the Jpurest alkali we have, ‘But the first part of this
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process requires a little attention to perform it well ; and
Mr. Macquer’s directions are very bad. The nitric, and
not the nitrous acid, should be employed, and in a diluted
state; or abaut the strength of aquafortis.  This must be
poured on the common salt, in fine powder, but retaining
its water of crystallization. The distillation of the muri-
atic acid should be conducted very slowly. The first fumes
are ruddy, and condense into a ruddy liquor, and the fumes
of mixed acid, or aqua regia, are very perceptible in the
laboratory. Towards the end the vessels grow clear, and
the liquor is yellow, and floats on the ruddy liquor. If the
whole be returned and slowly redistilled, we have less of
the ruddy fumes and liquor.

The acid obtained from a pound of nitre, of whatever
strength, will completely decompose about eight ounces of
common salt. The cubic nitre is easily separated from the
undecomposed salt by crystallization, because it dissolves
in much greater quantity in hot than in cold water. The
earthy matter of the charcoal with/which it is deflagrated
will separate by the filtre, and leave the soda perfectly
pure. -

Common salt is well known to be the most universally
useful, and the most necessary to mankind of any. The
qualities by which it is so useful are its antiseptic power,
attended, at the same time, with a wholesome or innocent
quality with regard to our constitution; in consequence of
which qualities, we can, in case of necessity, preserve our
animal food in wholcsome condmon, for a long time, by
means of this salt.  And it is further much more exten-
sively useful and valuable, in consequence of another
quality, by which it assists or promotes the digestion of our
food, and proves a most agreeable seasoning to it. It is
well known to be, on this account, one of the necessaries
of life with regard to man: and there is reason to think it
necessary or useful to the greatest number of other animals
also. In these islands, [Great Britain and Ireland] and
in the greatest part of Furope, which is not far from the
sea, as well as in other similar situations, this truth is not
very obvious. We thmk on the contrary, that we see
numbers of animals live and thrive ver y we]l thhout eve&
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tasting salt. But they do, however, get salt, though in an
imperceptible manner. Our most inland situations in
these islands are at such moderate distance from the sea,
that some salt is communicated to them, either by the finer
part of the spray, dashed into particles perhaps too small
for sight, and which must necessarily fly in the air afters
watds for a very long time, or by an evaporation of the
sea-salt in small quantity along with the water.* In what-
ever manner sea-salt arises into the atmosphere, and to the
upper parts of the land, it is certainly found there. A small
quanfity can be obtained from our purest and freshest natu-
ral waters. But it does not equally reach all countries and
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